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GOVERNMENTAL SUPPORT
[0002] This invention was made with Government support under CA 57436 and CA

107486 awarded by the National Institutes of Health. The Government has certain rights in

the invention.

FIELD OF THE INVENTION

[0003] The present invention relates to the field of tumor therapy.

BACKGROUND OF THE INVENTION

[0004] Chemotherapeutic treatments for cancer can effectively reduce tumor mass, but
the disease often relapses. To explain this phenomenon, the cancer stem cell hypothesis
suggests that tumors contain a small number of tumor-forming, self-renewing, cancer stem
cells within a population of non-tumor-forming cancer cells (1, 2). Unlike most cells within
the tumor, cancer stem cells are resistant to well-defined chemotherapy, and after treatment,
they can regenerate all the cell types in the tumor through their stem cell-like behavior. For
this reason, drugs that selectively target cancer stem cells offer great promise for cancer

treatment, although none are known at present.

SUMMARY OF THE INVENTION

[0005] One aspect of the present invention relates to a method for treating a cancer/tumor
in a subject in need thereof comprising administering an enhancing amount of metformin and
a reduced amount of one or more chemotherapeutic agents. In one embodiment, the
enhancing amount of metformin is 250 mg/day.

[0006] Another aspect of the present invention relates to a composition comprising an
enhancing amount of metformin, and a reduced amount of one or more chemotherapeutic
agents and a pharmaceutically acceptable carrier. In one embodiment, the enhancing amount

of metformin is the enhancing amount of metformin is about 25 mg, 75 mg, or 250 mg.
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tamoxifen (TAM) with the indicated concentrations of metformin for 24 hours. Figure 1B:
Relative number of foci, colonies in soft agar, and mammospheres in untreated or TAM-
treated cells in the presence of the indicated concentration of metformin.

[0010] Figure 2 is a bar graph of data from experiments, the results of which indicate that
metformin inhibits growth of mammospheres. 6-day old mammospheres from the indicated
cell lines were or were not treated with 0.1 mM metformin for 48 hr, and the number of
mammospheres counted.

[0011] Figure 3A — Figure 3C contain graphical representations of data from
experiments, the results of which indicate that metformin selectively kills cancer stem cells
and functions synergistically with doxorubicin. Figure 3A: Number of cancer stem cells
(CD44high/CD24low; black) and cancer cells (CD44low/CD24high; grey) in the transformed
(36 h TAM treatment) MCF-10A population that was treated with doxorubicin, 0.1 mM
metformin, or both (n = 3). Figure 3B: Cancer stem cells (SC) and non-stem cancer cells
(NSC) obtained by sorting were treated with 0.1 mM metformin for 0, 24, and 48 hours.
Figure 3C: Tumor volume in nude mice at the indicated number of days after injection of
MCF10A-ER-Src cancer stem cells that were or were not treated with 0.1 mM metformin for
1 hr prior to injection.

[0012] Figure 4A-Figure 4B contains graphical representations of data from experiments,
the results of which indicate that metformin and doxorubicin act in combination to reduce
tumor mass and prolong remission in nude mice. Figure 4A: Tumor volume (mean values

and 95% confidence intervals) of mice injected with transformed MCF10A-ER-Src cells
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much more effectively than either drug alone in a xenograft mouse model. Mice remain
tumor-free for at least two months after combinatorial therapy with metformin and
doxorubicin is ended. These results provide further evidence supporting the cancer stem cell
hypothesis, and they provide a rationale and experimental basis for using the combination of
metformin and chemotherapeutic drugs to improve treatment of patients with breast and other
cancers.

[0014] Aspects of the present invention are based on the findings that metformin
enhances the anti-tumor effects of chemotherapeutic agents used in therapeutic treatments
(e.g., cancer therapy). As such, the amount of the chemotherapeutic agent required to
produce the therapeutic anti-tumor effects is reduced. Reduction in the amount of the
chemotherapeutic agent results in decreased side effects to the recipient from the
chemotherapeutic agent. Accordingly, one aspect of the present invention is directed to a
method of increasing anti-tumor effect of a chemotherapeutic agent, the method comprising
administering to a patient in need thereof an enhancing amount of metformin and a reduced

amount of a chemotherapeutic agent.
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a cytotoxic agent) or therapy is an amount which is less than the standard amount
administered to a subject suffering from a tumor for treatment of the tumor, to produce the
same or better therapeutic results. One benefit of using a reduced amount of a
chemotherapeutic agent or tumor therapy is a reduction in the side effects experienced by the
recipient, with the same or increased therapeutic results. Reduction in the amount can be a
reduction in the amount given at one or more individual administration (dosage), a reduction
in the frequency of administration, or a combination thereof. Guidance for standard dosages
and administration schedules regimens are provided in the art to the skilled practitioner (e.g,
in the Physicians' Desk Reference, 56.sup.th Ed. (2002) Publisher Edward R. Barnhart, New
Jersey ("PDR")). The reduced amount is markedly lower than a standard dose commonly
used in therapeutic administration (e.g., reduced to about 90%, 80%, or 70% of the standard
dosage). In some instances, therapeutic benefit will be obtained from administration of a

dosage amount that is a reduction of the standard dosage to less than 75% (e.g.,
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excipient, such as a pharmaceutically acceptable carrier that is conventional in the art and that
is suitable for administration to a subject. Such compositions can be specifically formulated
for administration via one or more of a number of routes, including but not limited to, oral,
ocular and nasal administration and the like.
[0023] The “pharmaceutically acceptable carrier” means any pharmaceutically acceptable
means to mix and/or deliver the targeted delivery composition to a subject. The term
"pharmaceutically acceptable carrier” as used herein means a pharmaceutically acceptable
material, composition or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or transporting the subject agents from one
organ, or portion of the body, to another organ, or portion of the body. Each carrier must be
"acceptable” in the sense of being compatible with the other ingredients of the formulation
and is compatible with administration to a subject, for example a human.
[0024] As used herein, a “subject” refers to an animal such as a mammal, avian, reptile,

amphibian or fish. The term "mammal” is intended to encompass a singular "mammal” and
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used in accordance with the definitions set out below.

[0029] Another aspect of the invention relates to a method of reducing the side effects of
a chemotherapeutic agent during treatment of a subject for a tumor, the method comprising
administering to the subject an enhancing amount of metformin and a reduced amount of the
chemotherapeutic, wherein the amount of chemotherapeutic agent administered causes less
side effects compared to a conventional amount of the chemotherapeutic agent. The
invention is further directed to a tumor inhibiting pharmaceutical composition comprising an
enhancing amount of metformin and a reduced amount of one or more chemotherapeutic
agents, wherein the tumor inhibiting amount of the chemotherapeutic agent(s) is an amount
that results in decreased side effects.

[0030] In one embodiment of the methods described herein, the chemotherapeutic agent

is not inhibitory to cancer stem cells. In another embodiment of the methods described
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met f or rtb anhanke othet fagmion aethpinoyrdtierhgicsi(Bgmhgrienat Herapesfsaeihasinteyfdraschl ori de
sal t, r{&qgl a’r%r/ %a%%ti@@%kret §d Aasssuc%,gﬁeo tc‘%%gﬁt%rrll\lﬂethgasr &gg rﬁ?erdkhe?gin (grl tﬁft: gsle_ Myers

Squi bb term ™ derivatrve" as use erein, refersto

conpoungsh¥hbihesibsitlcdgentd @i cledr atveliCheifedfonmed s4iAE baant g GhicdRts df0028] I n
this specification and the appended clains, the singular forns "a," "an,"
and "t Heetfqragn gybushng e ncadamequaticd sdppiigtsaionpadios fieayancies ohHieye ehet at es

ot her \M:fﬁqus It fhor Eh%fag?@%aagﬁ i éo%e%&ﬁﬁ% thQrage&&fQ%&(?jﬂs bl %gf e gl dvering "a
drug" includes reference to two or nor rugs. | escribing and cl ai m ng
t he pr esdmicinguenintoof, métienfio Witbwondinagions obdregy nvart khelbapiessad/driin accor dance
with the definitions set out bel ow  [0029] Anot her aspect of the invention
r el at e<CoMPIRAtoR MHBIWER ORGRIRPIT Pt dhedprsytipt desgiileddrerein is also envisioned.

[0033] The effect of co-administration of metformin, as discussed herein, is further
expected to enhance the effects of other agents that kill tumor/cancer cells. This includes
other agents (e.g., drugs) that are not traditionally part of chemotherapy, such as drugs that
affect transformation of the cells (e.g., Exendin4, aspirin, meloxicam, indomethacin,
celecoxib, piroxican, nimesulfide, sulindac, tocilizumab, simvastatin, cerulenin, mevastatin).
Such agents can be tested in assays (e.g., the cell assays described herein) for
synergy/enhancement by metformin co-administration. As such, the therapeutic methods
described herein for the use of chemotherapeutic agents can alternatively be performed using
enhancing amounts of metformin and using reduced amounts of administration and/or
frequencies of these other tumor/cancer killing agents. Such agents that would kill
tumor/cancer cells, include, without limitation, antibodies (e.g., anti-HER?2), tamoxifen and
other compounds that inhibit transformation. The use of enhancing amounts of metformin
with combinations of one or more therapies and/or agents, and/or in combination with with
one or more other therapeutics, and/or agents described herein is also envisioned.

[0034] The ability of metformin to enhance a given chemotherapetuic agent or treatment
thereby allowing a reduced amount to be given to a subject, is within the ability of the skilled
practitioner. For example, enhancement of a chemotherapeutic agent or tumor treatment is
evidenced by increased efficacy of the agent or treatment when in combination with
metformin administration, as compared to one or more appropriate controls lacking

metformin administration. Efficacy of treatment can be judged by an ordinarily skilled



a chenot herapeutic agent during treatnent of a subject for a tunor, the

nmet hod conprising adm nistering to the subject an enhanci ng anount of

met f or m rwarrdi1z03i4duced anmount of the chenot her apeuti c, PamaseI/otdses anount

of chenot herapeutic agent adm ni stered causes | ess side effects conpared to

a conventional anmount of the chenotherapeutic agent. The invention is

f ur t herprabitit@ate dEfficacy dati o hisdersat] bm hnin@l plodelnde edticecald tamopdsit éxaaiple

conpri sing an enhanci ng anount of netform n and a reduced anount of one or
e 8

nore c HE PhP ERANEWHY @rrRacer g ABY freptment aindstminisHABoR ¢irffe SHBRNUYP t he

chenot hﬁ@&%ﬁﬂ&tidﬁs%ﬁa‘%ﬁ@aﬁﬂo 4 éec%hs@gpé{%asE B ¢ ﬁ&ﬁjﬁ&ht& AR EAS&chpH de
effects. [0030] I n one enbodi nent of the net s described 'herein, the

chenot hedupientn theagent thestumot or mblobitgoencessaticantée rat efrgeesith of therumaot her
enbodi nent of the nmethods described W) 2011/031474PCT/ US2010/ 046616
her ei n, "YIFHCLHIAHVREFUPEOti ¢ agent is inhibitory to cancer stem cells.

Conbi ngpp3m) t thﬁ’eﬁb??orVMn&%1%&6ﬁﬁul§tﬁcﬁmaﬁ%h§o HehdRdtRing ARG p&fedtahi bi tory
chenot herapeutics is al so envisioned. [0031]1n one enbodi nent, the

enhanciangnamoedel obéansen £-gr. ikl-iyge aden orirgtsevreptetniabhy, araggidttation afftumeandar d
chenot hc%l:lg 11"1|ttoI 8121? éas@t ged(]%l tge Exa(néplgse el’}gl%%eﬁo %%gﬁlgﬁg‘ e atl ee{rlltt%; ol I owi ng

surgery renova , cancer

co- admdﬁhﬁmrrﬁ@deoref@éac t tredtiiens is @siddh&ausiencth ﬂe@lﬁdﬁoﬁ,m h%y@bﬁ)ﬂl ep¢pected to
enhance ot her forms of anti-tumor t herapies, (e.g., hornonal therapi es such

as i nt dHMEF.der ﬁtxlﬂmpéﬁ‘p%/fedé‘?thndalﬂéﬁ fighott the Famsrjor aAl:P"élH% At cesprsionrRé thgpalaafc
net hOdS gilc(if{ tﬁ%glp géd}s gﬁ'[lel.t 1%%6'}1& 9&51&%@5@8 %1 I? a&ﬁlﬂitrs 1scrﬁ nt

al ternat| formed. us| ng enhanci ng anoun met form n and Usi ng
r educedhamnimteﬁsa)for&dampl@h et EllZHlOfahdfuMiorfd’Caﬂtl enleaﬂ§%)éarhhebﬂ otfeebly or s
of tunor therapies and their correspaondi ng therapeutic agents as well. The
use of ra?fﬁa%i,%e%wﬁ% %0 dt FYMA- § ARV FATESBT WAES ons of one or nore

t her apijgga@nd/ pkp érﬁn&ﬁﬁ@étﬁ?éd' iR LAt d J&c%}{i‘b&&wrfi?Jlé’atQEHﬁ?ﬁleEfBﬁﬁlﬂpeUt 1 CS
descri bed herel n is also envisioned. [0033] The effect of co-adm nistration
of net fselentively &8lsdrsu steadceteramidhatitlsis kilhinghegcurs when the cancer stem cells are
exposed to relatively low concentrations of the metformin. As such, another aspect of the
invention relates to a method for preventing or delaying the development of a tumor/cancer in
a subject comprising administering metformin to the subject. Such a subject may be, for
example, predisposed for tumor development (e.g., genetically or due to exposure to
carcinogenic agents). Without limitation, examples of such genetic predispositions include
predisposing mutations in the brcal, breall, rb,or p53 gene. In one embodiment, the subject
has previously received chemo or radiation therapy and is at high risk for developing a
secondary cancer. One such example is a subject who was treated for childhood leukemia or
lymphoma. In one embodiment, the metformin is administered by the methods described
herein, to contact a precancerous lesion (e.g., a skin lesion) to thereby prevent the lesion from
developing into cancer. In another embodiment, the metformin is administered following
removal of such a lesion (e.g., to contact the site of removal).
[0037] Another aspect of the present invention relates to the treatment of bone marrow or
peripheral blood bone marrow stem cells samples with metformin prior to autologous
transplants in the treatment of blood cancer, to thereby reduce cancer stem cells. Such
treatment will decrease the likelihood of reseeding stem cells. In one embodiment, the
metfomin can be administered to the subject receiving the transplant after the transplant has

taken place (e.g, for days, weeks, months, or a year following the transplant.)



expected to enhance the effects of other agents that kill tunor/cancer
cells. This includes other agents (e.g., drugs) that are not traditionally
part of oNermtimsi4py, such as drugs that affect transforpgritisonoofesidie cell s
(e.g., Exendin4, aspirin, meloxicam indonethacin, celecoxib, piroxican,

ni mesul fi de, sulindac, tocilizumb, sinmvastatin, cerul enin, nevastatin).
Such ade038y cannbget aspbadfite @pssay hivestidh reladsao del ddndsisaytsondsfdowidoss

herei n) for synergy/ enhancenment by petformn co-adm njstration. As such,
the t hetf apsipring: foR{MnsdEmSNCET PredcTiondn & splypct: h opsembBedipratsider apeut i ¢
agent s i3k @Nat HERmPEE PEELOS HRAIRINCr SRAARE A ABPIA Sl hyifiRhE 0T M N
and using reduced anounts of admmnistration and/or frequencies of these

ot her tmettmimeatecgr fokinbhlaiadginag@iosd sushaek dagértds cattiadd, wotdod rkidinely givem / cancer

cells, include, without. limtatiaon, antipodies (e.qg., anti-HER2), tanoxifen
ond of HarEL eSS Bt oo i nt Rt sBiity SeRRlreeig
anount q)yqfle?gg&gqmeﬁﬁgﬁ.th conbi nati ons of one or nore therapies and/or
agents, "and/or in conbination with with one or nore other therapeutics,
and/ or [89¥Ht s dester rpdctndiths presont mivsariamelasisdned asspP 634 sting dabivativey of

met f or rgfrr]nett%re{]nh S By §th %Qgena%erﬁ%‘t ae[r)%elljllig agl%r,]ttun%r ﬁifl%aFangqt atnﬁer e_by
al |l ow ng a reduced anoun 0 be given toa su%%ec Y SRR S ability
of the aidrlth@ahipd, ackillidgon@ter kDS, Bheeml Bsaye MadeAb®RNh (R ERaaplesmicties apeut i ¢
agent or tunor treatnment is evidenced by increased efficacy of the agent or
t r eat nEIIOVNRENDY delapisAtPIAEh 8FFay ‘?Y\thﬁéklﬂl)éﬁﬁitﬁaladm nistration, as conpared to
one or nore appropriate controls lacking netformn adm nistration. Efficacy
of treatnent can be judged by an ordinarily skilled WO

2011/ 0Iekadeaiid AIMIhSMAHGH16 practiti oner. Efficacy can be assessed in

ani mal H§ | s of cancer and tunor, for exanple treatnent of a roden} with a

cancer [98MY anip hPEREvHEAPPUFA LT the stardard desages andeadaypisiaiqn ssheduls o
formul gpl %&tﬂ&%&uﬁéqge%t%r @ﬁg@g%@& @a@&aﬁﬁh%ﬁeﬁaﬁltg og%&wbp%%léshe t unor

for exanple a reductio [ unor “or a slowi ng or cessation

ize of the
of t he sugh es afmignagwnk ob€ytbtoaict agents or Hatrapadsdwingf fdahisieecd;, thegtimentype, the

[ 0035] Ef ficacy for .an iV fo | ati.on can al so he judged usin

exper | st Shieknp s PR o K rine] sSSP o R G Fg Snd e

pref er alkb¥ierct aR$ RldaRkAt 4fQRe OiniidAor pablidichefkdiniRerdddahe %@%&! lbRAydvBr, t he
Exanpl es herein bel ow. When using an experinmental animal nodél, efficacy of
t r eat nethe pieseng viivgeneedl lavselier suoheddasageormdiar admaniptition soliedutretotbgireduced or
examl & 2 FEHHS U oMLl Il Sh AC:Osed B LHORL 81 A Rhgppe or cessation of
the rate o gr?ﬁ of "The BuNOrFeeeuUr'st earyt érim  treat éd, versus untreated
ani mal §0048y " edf biedmbddsmemaght atldaht & rA&Ire@s edminSteredXaapbea stindab@dsdeze of
the tunor occurs at |east 5% earlier, but preferably nore, e.g., one day
ear | i ercommenlyysed ip sharapsptic admiydraggn fordreatnagnt ghype 2 DuBspElperabrsht s

det ai | ' I [N i.ngi t ] ectively
kills glgrqgg%é/ght%'et%ggﬁ Zé,%oﬁadt}ﬁ'athpfﬁﬁ?%& fﬁ‘*ﬁ?ﬁ%ﬁ%é@%ﬁhg%@ﬁg %@1@ glﬁlcer stem
cel | s anafenpoteg, tsed ieb@danviap yuwrhawreaneantithed clensoticfrapehacetukat im n.  As

such, anot her aspect of the inventjop relates to a hod for preventing or
del ayi iiCtHEORE &%HEYRIOHPCI&) B gely b thip aast@&af% S8 EgRpianty g n
adm ni sh&4HNG TR AN O dDEMSHRIFeFTe 2 FHGHe e SURERRED YD RE904,06r €xanpl e,

pr edi sposed for tunor devel opnent (€.g., genetically or due to exposure to
car ci nogeni B58gegits), 30, phaheut 1206 matdapmr 78%awp hlesit dH56 mgllageslighe ¢

predi spositiops include predi sposin tations..in the brcal, brcall, rb,or
P55 gonuap Rl He e an e el S g ool feano or
radi at iggm dob@geaa%/qﬁﬂdlatﬁ a?ftedﬁbtigh of tekstdn@brddfy &@ll&g.t@nsg@pmga,r y cancer.
One such exanple is a subject who was treated tor chil dhood | eukem a or

| ynphoradministrasing ie mifden shont 75 %her abeut bi2dimg/lay. 40139 %i et ahost3 Bymelday.mét hods

descr | tlﬁgstggc[a?(lil do ak &) L BE N o d ﬁ?%%%géc?él 1o R DG ad iRl 8840 to
t her eby preven et esiGh 11 om develd ing into cancer. I'n anot her

enbodi neRige dnfi@int@iaf Bravedudtion a6 HenitBiderdatbshgd to@BbHOYE B iBdut 900 $npgdnya

| esion (e. Q. o contact the site of renoval). [0037] Anot her aspect of the

, t
pr esent>07mpE AP 5P SreAdays of P e abprte(pene/day. of dhestifidiarddpsage. [n'some

instances, therapeutic benefit will be obtained from administration of a dosage amount that is



peri pheral bl ood bone marrow stemcells sanples with netformn prior to
aut ol ogous transplants in the treatnent of blood cancer, to thereby reduce
cancer stwm2oald3s474Such treatnment will decrease the |ikeCirhsedoniconeseedi ng
stemcells. In one enbodinent, the metfomn can be adm nistered to the

subj ect receiving the transplant after the transplant has taken place (e.g,
for daysredi@iekisf thestdndard dosage tpdess thal 409 g, Adieinistiatispisanithin abdat 40%

2011/ 031474PCT/ US2010/ 046616 [ Q038] Anot her aspect of the present invention
r el at edotl8% Hehaandid f92e5-09" Gom Poubebaedhy feehat frthmegiay)odyoRer m
cancer il ofe dbsa e%oﬁp?()%,l&a@)eﬁt AIRBIRENSE the Yald AAAb oS [HhYnkON 1S
inthe formof a dietary supplenent or a regular food suppl enénted with the
met f or mmbodenent, thé dosagk abad ia20%adr dboud3 Wuvydag of dy ftowldrd datgd. dodneor f ood
routi nel iven to farm ani ma . Such fornuj.atiaons of fo and dietary
Coppl et 4P goeruothott Ak wyoel HhaRER: of Mrentici Sos830] Anor hor
aspect [gH4d)he RURSEBEatldAEPEHS el @St the aamiAsisRY ab&ts (LS mB@odahi vati ves
of metformn for the ability to enhance chenot herapeuti c agents, tunor

ki | | i ngindgbemstherapentistagent) cortpefphemarer Kiel thinpysiteaigerafteerdnpvaiipighe el |
assays .in described in t Ex. | es section bel ow.can be adapted, for such
Rosays BfjoDh Rl el R RS P Rl QY g BERRbRE nlsehn

t her apatiy e apphiseaéd @nsy nidh@estoandapstopioaapps candiaadeichias tHoat terrisehedul e
of the chenotherapeutic agent or therapy used can vary dggendi ng on a

nunber iBthaBpisigins Pesk Referancee %ﬁimtatlicg 120039 Peblisheiohiqward de dasnhgft. NEwr api es

bei ng LD Prssd e i Aghifdd Al ondi tion
of t heaj?fe% Ei ent g'pg?%%%#%%re%%%@g’ %Qgrgg% tﬁp%séﬁfrlygﬁ%en, ar%g&{ kgi &gééf))gri ence
and | udgateagenofndiviéuatlyicah be admartistged o iahy arens ladmminghe . fuch heodeher apy.
However, the present invention allo for such_a dosage and/ or. )

admi ni b¢ads Rl seavedrasal mlﬁiﬁfl@aﬁl@\é@u 3y ARG FuLAREYA)), of H@F%V?Fléglﬂfhﬂlgng in

decr ea%%@c&é&%ué?fiﬁt%ﬁ%scﬁlﬁﬂ %t}ﬂgn(ﬁr‘@gﬁ%ﬁ%&ﬁdﬂﬁﬁ ;h%ﬂdnlirgst%%n.e AR M diRRthin t he

amount of nmetformn adm nstere e a stan ose commonly used in
t her apeutlicchadnd ngeait rat bowlnhiositearedgsteencallyf ot gapebeddiimbietegldodallyamtlahout

1500 / da 0, about 255 [ day)... 1 n anot her enbodi nent . the therapeutic
anount reHbT BERiAT e 625 by Tiea ivodhin GRS % HOP of PACHEREOM (h a

chenot hghaRaks iHe tufbr)USIBhnk Rnibb8VRMt, | (RN meffolnMARhd evALaPieRbiutSaddRiskedl y
| ower than a Sstandard dose commonly used in therapeutic adm nistration for

t r eat nEAE. diemofrsageutic apante guq adnginsteyed dutodle eantrabesivodoystemy about 1350
ny/ day, % or about 1200 mo/day, or 70% or about 1050 ng/day, of the
P anan QP caieihas i T pRE e e/ R eIV cordt? TRH™Ye Ot i me

f r om adsmbbidghém] the mefformindo Sé@@thser@ihtecttihads a dayde kg d86id/@skepforiohe st andard
dosage to less than 75% (e.g., admnistration is within about 75% or about
1125 ngnery betose 9megry and sseial e fgneray, of the standard dosage).

Ther a {4 be ot S ' f 1. QU ti a
e B B Y
about 9B®methodayeschbéd hareinaho bt fol%R temgédipatjodaf (e 20 6- Bhaoitith6@0 1npy/Hay, of

t he standard dgsage, I n sone jnstances, therapeutic benefit will be
obt ai ARy SrSEIATIh %9%?111%951&%%@%& s apagisteied more often than

the chemotherapeutic agent. For example, a subject can be administered the
chemotherapeutic agent(s) (e.g., doxorubicin), at a signfiicantly reduced frequency than
otherwise prescribed, such as 3 days/month, while being administered metformin (eg., 250
mg/day) on a daily basis.

[0045] Generally, the dose and administration scheduled should be sufficient to result in
slowing, and preferably regressing, the growth of the tumor(s) and also preferably causing
complete regression of the tumor. In some cases, regression can be monitored by a decrease
in blood levels of tumor specific markers. An effective amount of a pharmaceutical agent is

that which provides an objectively identifiable improvement as noted by the clinician or other
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WO 2011/ 031474PCT/ US2010/ 046616 a reducti on of the standard dosage to | ess
than 40% (e.g., admnistration is wthin about 40%to 10% of the standard
dosage"” owof2nom3atyeut 600 ng/ day to about 150 ny/day, ). PCh/use@omwdsoeli nent ,
t he dosage is about 30% or about 450 ng/day, of the standard dosage. In
one enbodi nent, the dosage about is 20% or about 300 ny/day, of the

st andarqhatifishgigservien Rugeessioh ot iandr, intahatidadageidaiy arauired 0%h refereaabott 150
ng/ day, of the standard _dosage. [0042] Adm nistration is perfornmed such that
the adrihhigimetesat aguneis Degregse, in th digmpichobhmas dpie e apestion Regisseipn

cont actis LG il 0 e JFeiiRbrs b tdclft dhor ufRhy KTRYBE.Of Lhe tumor).
Suitable routes of "admnistration are known 1n the art. The agents

descri He0MGler eThe nmyfobeinaddichersbtherdeitiv agayts imoorebinftoumdr sqppracgdy.iaat e by a

clini cicflﬁ, sct{lch as those ?eﬁcri bed igtLthe Physi ci ans' Desk Ref ergg%g,

56. sup.4°HVE8d 2 26195 Plshra S Hat g dirge TR SBAFRART 2 R IRy MOBBRY . For
exanpl eotdedbent ehahdMis ROhG&hAdidted LAR (RAbENred TSP bCEIMBUR D& OF each
agent individually can be adm ni stered by any neans known in the art. Such

nodes iabtdingde Addilonaliydn afder azyveld sidopifects. fatadicatipagentueicthe cembination

subl i ngﬂt{gl I)e i(%)e[(gj‘glareenatlteragllla iirﬁ?sl %l(ingg subcut aneous, intranuscul ar,
intraveno‘/us,quan NatE ermarﬁ1 L4 st ration. The metformin and enhanced
agent can be adminsitered systemcally, or can be adm nistered locally to
the, or _near the tunor site (e.g, by injecton into the tunor or an organ or
part oflhexapeiHiiAgems aji ning the tunor). In one enbodi ment, the nmetformin

and enr[g{r?!le’ﬁd ttﬁgﬁt@ﬁﬁd@gﬁﬁg%%%ox@@d&gss g&%@%%g@%&&ﬁﬁﬂg@ﬁhﬁﬁ&n of

adm nst in ral” nervous em ration can be
pr e- opeicabdn ingo Eour gosips:apleylatin gvazenBr artbinhtabblitegnetikivticd andniiscelldreonet f or m n

is adm nstered three tinmes_a day (e.g., 25 ng/dose) for one nonth before
sur ger YRE @R EHBY dife ghoiehaf 3 prrpFulay @g%afm&?niﬁit% freafiandRdig AUy K FHCRT Buhen

appl i cabfifentld By fhaf P EImIr ,%aa&m% life ?g@m dankd}, IR FBENOYR GG HEfe herein
can be for extended period of trne .g, 6-12 m)ﬁt hs, “or 1, 2, 3 years, or
i ndef i matiehtydnd iksuep nEmettisioag resistanceé.he netformn is adm ni stered nore often

than t enot her apeutic nt. For exanple, a.subject. can be adm ni stered
o chdfiedile, S EBE EaRRaidh JI5 ety n G TEREER afidty PL bR s nant Iy

r educednéi@@H B0ENOtIRARIAD lﬂ_%rf‘éﬁ@@iﬂya%%ﬁt% (fRerkdingWolsiBI® sSurday)StheRMyhtinghi | e
being adm nistered netformn (eg., 250 ng/'dg%/) on a daily basis.

[ 0045] Ganels sy¢lgphasplanside €Basial-MarerniSquibhy. iilostagudeedirised-Mewsus Squkb)suf fi ci ent
to resybiod B shothing waANEBLCLE! ABY BIRERRY Rl ol & H91D 0h. the tumor(s)
and al sO pre era y' causing Corrp‘fe eV Egression st qr%letilmror. I n sone

cases, me&gb@Bs Gfarsine Fhaffaadid & Egjohy), 8-rAl@tiRasLine NIGhixoOlell@we) s6-of t unor
specific markers. An effective anpunt of a pharmaceutical agent is that

whi ch phisgnaeee GHaehetlermel ynd eeietrras (lemmsks femhmibiotics dexesbisip t he

clini Ci@ﬂarﬁ{acﬁté? ?fpjohn), daunorubicin (NeXstar), and mitoxantrone (Immunex); and
miscellaneous agents such as vincristine (Lilly), vinblastine (Lilly), and paclitaxel (Bristol-
Meyers Squibb). Preferred cytotoxic agents include cyclophosphamide, ifosfamide,
cytarabine, 6-mercaptopurine, 6-thioguanine, doxorubicin, daunorubicin, mitoxantrone, and
vincristine. The most preferred cytotoxic agent are cyclophosphamide and ifosfamide.
[0049] Chemotherapeutic agents are known in the art and include at least the taxanes,
nitrogen mustards, ethylenimine derivatives, alkyl sulfonates, nitrosoureas, triazenes; folic
acid analogs, pyrimidine analogs, purine analogs, vinca alkaloids, antibiotics, enzymes,
platinum coordination complexes, substituted urea, methyl hydrazine derivatives,
adrenocortical suppressants, or antagonists. More specifically, the chemotherapeutic agents
may be one or more agents chosen from the non-limiting group of steroids, progestins,

estrogens, antiestrogens, or androgens. Even more specifically, the chemotherapy agents
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qual i fied observer. Regression of a tunor in a patient is typically
measured with reference to the dianeter of a tunor. Decrease in the

di anet er w0 2011t03myn | ndi cat es regressi on. Regression i sPards2émaieas ed by
failure of tunors to reoccur after treatnent has stopped. [0046] The
metform n and chenot herapeutic agents in conbination, or separately, are
del i vermgly bd aaeibineghleormpdigrbrgdsatirh atbusalfan;, angrusfific thiveanstiril, ctairlmﬂatm day to
once per. nonth. As noted above, the agents are adninistered until the

desi r et p&Tt Lo CxlorhosRhamide. sy arabing. dacsbpzingg dagtingmyriny dayngrubiciar + o
avoid SdeQ%n%Es%‘ﬁE sdletﬂgltstll%leétrcﬁoc{%ﬂﬁﬁ&ﬁ é?ﬁln%lr@trgcﬂgp 'e&')ﬂ)éﬂ@ fHBYourrﬁﬁllu' re
delivery at each istration. Therapeutic Agents [0047]Currently

avai | al:fh@xgmtﬂbl(nmc,(gedrcutglslnc,drydbzecyprqgadblyond cagprdae, lblylrwdyereta, besprangisaseof
action . into fog groups: %@I ké]l at.i n%ne%ﬁents anti - met abo |tef anti biotics,
and mi SEEOVEHRANRUYINTemedtPeH RS %’IBWFCE@C&FC‘&%HFE?S&W A%¢§t ot oxi ¢
agent tiRelphfat, ndddcdpdshu¥inEUbth¥ird i aRaRirek Ste rﬁfthﬂdﬁﬂz@ﬁd nﬁ’t\é[ﬂtjﬁﬁy fi@€dner S,
including the type of cancer, the age and general health of the patient,
and i squektapdl, phﬂnwl ldrtwgter, emdgtsamﬂ;@rOCElﬂxampmgw@@mﬁp%@ptngﬁndfamphéen,nvent| on

can utilize { t ot o gent.s, incl udi gut not. ted to the
Fol | owi HPS SRR ot i REbRLAE, BrBSERR alenboatft Mol APiuTul S

cycl Ophoﬂpmlmibctﬁ v(uﬁfrisﬁﬁéﬂ Tﬁ&ly@nﬁ aivf| bbrabihatiorfs@F théthetBeraBy h&dn@l is WRyer s
Squi bb), chloranmbucil (d axo Wellconme), and carnustine (Bristol-Myers

Squi bb)OOHECm? led.i - net abol i t es cytarabi ne (Pharmaci a & Upj ohn),

O or CABHART | Pt LS. WELLEATRen Erud iU FoaxOolilhgare) . and

nmet hot rexate ( nmmunex e an otics xor I Cl ohn),

daunor LrbdhOlsDto@N&X&bIaac)d,endz,ndlmmﬂomodnlatcﬁ rnaed chemaseesidizingagenti See Ul aPacns

agents such as vincristine ( vinbl astine (Lilly), and, paclitaxel
buantdy i

(Bri st QNOVByEr 48311 2.4 1Bpe Chemathesaneutia 4TS are Sesciibe
cycl ophaspGTeN's namfiﬁmctﬁmm@semm;s ddaﬁvéﬁaamw#dbn@hmgc%hgs qghiani ne,

doxor ubi ci n, daunorubi cin, mtoxantrone, Incristine. The
pr ef er raad ic ﬁoodmxm andaﬁdman arlbde (Piaaﬂnwhb)gmahBa&ieofaTimbralﬁeusctsa(lﬁO@éman etal.,

| 00491 CHETRANEABRAN SuRLED! Ak, Foll WA £7 bull bbichgess Loast 1

nitros Q%&@&lcratpéh@czﬁg%ﬁé; sulcflak ﬁxl;?e@in%n@dl AG Sare RUGW Ak SiNBSe SNALIPGSthe RMI e
anal ogs, vinca al kaloids, antibiotics, enzynmes, platinum coordination

conpl exewellskubwn iin theet thateatrlon%m@pdhyﬁmdmnndld@é ¢ropt ¢andzs, usad f@rﬁb@:or tical

D AN of Pl AR B aed R SBERH GsCR dekeridce 8T RIBLRERATHALS
agents may ne or nore 0%EN" oM onS P m ing or of

st er oi d¥gedipihe JBsiabRs Ne@s Yog @hemeaVitiie sit Fudishss, 1087,6ppd 1.3gen Mor&b&%ﬂ ahor e
speci Is(l:lfatll‘tl)lg thetrag%ut?? fag?(}lsho%orpaépl)s/ se?igc?tfr:]& fsrom the group consisting of o -emitters, -
emitters, y-emitters, Auger electron emitters, neutron capturing agents that emit o -particles
and radioisotopes that decay by electron capture. Preferably, the radioisotope is selected
from the group consisting of 225Ac, 198Au, 32P, 1251, 1311, 90Y, 186Re, 188Re, 67Cu,
177Lu, 213Bi, 10B, and 211At.
[0051] In another embodiment, different isotopes that are effective over different
distances as a result of their individual energy emissions are used as first and second
therapeutic agents. Such agents can be used to achieve more effective treatment of tumors,
and are useful in patients presenting with multiple tumors of differing sizes, as in normal
clinical circumstances.
[0052] Few of the available isotopes are useful for treating the very smallest tumor

deposits and single cells. In these situations, a drug or toxin may be a more useful

therapeutic agent. Accordingly, in preferred embodiments of the present invention, isotopes
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WO 2011/ 031474PCT/ US2010/ 046616 may be azari bi ne, bl eonycin, bryostatin-1,
busul fan, carnustine, chloranbucil, carboplatin, cisplatin, CPT-11,

cycl ophoswbaniidsi47g¢yt ar abi ne, dacar bazi ne, dacti nonmyci npCaaise@ooipicts n,
dexanet hasone, diethylstilbestrol, doxorubicin, ethinyl estradiol,
etoposide, fluorouracil, fluoxymesterone, gentitabine, hydroxyprogesterone
capr oataee udeydn oxiyibiin@don lvitasipaliagopiasgcies 8uctoasatrigs, tdxdu¥sid Mitron capture

mechl or et ham ne, medroprogest erone acetate, negestrqgl acetate, nel phal an,
mer captd§pufFi DY FEESIGOH XERBAre RO WD heshAtave CHifRYGRRRETON §hlls gl be

i € Ot angeq RAGbA%E!winPie BrdselRUhWNAbE, TRELHR!S B FounBiREFHBARANG aragTusti ne
streptozocin, tanoxifen, taxanes, taxol, testosterone propionate,

t hal i domddexing, kidgasahe Neerck nidet, €padmanaod IGilmest andithe Vikabdndst ithee, or
vincristine. The use of any conbinati ons of chenotherapy agents is al so
cont eng P& &GS Tlﬁéﬁgfﬁ'her sui tabl e therapeutic agents are selected fromthe
group q@os3|sti peuAfthdtaskedbRAliaPRtralIOR PSRN thbATHACIRIAB &e@lin a2
chenosensi ti zi ng agent (See, U.S. Patent Nos. 4,925,648 and 4932, 412).

Sui t ablrecthodsrfttheprapratiiventigye nech dings dekopivhéaithose AEgdNGTEBNRISand include
PHARIVACIIEJLrJ(;I'I CAL CSQOEQIXC%E%C 19(§Ihlblozlglice Is\/eack Publ i shing Co. 1995), and in
Goodmar? A0y G FERTETHE PRGT macoﬂogl'cal Basi s of Therapeutics (Goodnan et
al., Eds. Macm |l an Publishing Co., New York, 1980 and 2001 editions).

Gt her suitabl e chenot herapeutic agents, such as experinmental drugs, are
known tRadiaiemTherapwi || in the art. It is well known in the art that
variou hod . i 21 r o) r nent of
cancer S[ggl%ﬁot hg’r&%gg}ﬁ%lrg%?@% ﬁllgrgh ?taﬁsseg ?Igtsuggjégl?:e??pr}fe(f{ P I;eﬂ}gntE eﬁﬁg rbert,

" Nucl eahe Medifenhanciitpeamapyits ofNesvafbomkn toBiloenmedidediaamun®wbhngber &,a 1087, pp.
1-340. Moreover a suitable therapeutic radioisotope is selected fromthe
group CORYIYORGT stchgadiatipn therapiesamtumgritieataenty_enjtters, Auger el ectron

eni tt erggsd)eut FQInsocf@eot%Hési SuRGRMagiakBRm S et iﬁen’t@%féais o880 ABChdyRdi Oi sot opes
t hat decay by el ectron capture. Preferably, g[ e radi oi sotope Is selected

from t heidgnougl toowsd. Jhisngdafe RP5ACHt LEBAGelIS2FM giPBihg il Blyre00¥ivihg6Re,
188Re, 67Cu, 177}lu, 213Bi,.10 and 211At. [0051] | n another enbodi nent,
differ éﬁ? foﬁﬁgags%pt@é AR Céﬁ%dee%opt}éa Sendion By At TR 49 g ) ¢
of t heidan ibBiveh 1 8L1p ORI ¥y BPloSI QRS adpBn HOBLaRer{thdtHas S918aS@AROBones

t herapeuti c ‘agents. Such agents can be used to achieve nore effective

t r eat memtothef pagheirthe bedid Tarsds gelefdytalliativp sadigisnshgrepsent ing with nul tiple
tumors ghsdi ffﬁ%&iﬁﬁo@n%e%om%‘%ro'n{‘a “%rﬁ?}c'a oﬁt'ts{d@'t Ao (rﬁ%t‘ém”%f A3 4,%90 2l Few
of the "aval'l abl'e 1'sot opes are useru or treating’tne very smaltes unor

deposi tBaceathsdefit Bodelih®rnal mdidiea g of hiayaisé OMealed rallick@tioE niaGxials thRygobe a
nore useful therapeutic agent. Accordingly, in preferred enbodi nents of the

pr esentthjougleit itherbodyd sxségpeis radyghiopgharapw Alre et pOSEirtonda bs gy caderaided in
gl . Se ) ; e and t
conbi naf 1 Qn R{ffgfoﬁi @%@lr:ﬁé 6 QBbE, dﬁ)t%*ak fifto aﬁ%dgghm%{agﬂﬁ%w h&%y toggt ghaeutron

capture age rugs and toxins are K have cytot oxi c
ef f ect padantBalhaal laatth aadh nledicablaskoiy) whethee dicipatiewiviill hihheotheesped ofi nvent i on.

They are to be found in c endj a of drugs and toxjns, such as the Merck
| ndex, @BIFUMSAMERY @P%ﬁ?ﬁc B WPét PSoR ,V%%fh@c?lﬁe Faiatioarherame oL caiceb g above.

have external radiation. Some patients have both external and internal or systemic radiation
therapy, either one after the other or at the same time. External radiation therapy usually is
given on an outpatient basis; most patients do not need to stay in the hospital. External
radiation therapy is used to treat most types of cancer, including cancer of the bladder, brain,
breast, cervix, larynx, lung, prostate, and vagina. In addition, external radiation may be used
to relieve pain or ease other problems when cancer spreads to other parts of the body from the
primary site.

[0057] Intraoperative radiation therapy (IORT) is a form of external radiation that is

given during surgery. IORT is used to treat localized cancers that cannot be completely
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[ 0053] Drugs that interfere with intracellular protein synthesis can al so be
used in the nmethods of the present invention; such drugs are known to those
skil | ed iwotzha/@i474and i ncl ude puromycin, cycl ohexi m depCans$2otiobedsue! ease.
Radi ati on Therapy [O0054]A variety of radiation therapies are used in tunor
t herapy. Applicants envision the use of enhancing anmounts of netaformn to
al | ow rreshoe&torahmhays a dfghaivk ddnecudring(comiiy bak) dimeafbyisstiesr Adteadll on
therapies in tunor treatnent. #{;0551 For some types of tunoprs, radiation may

be gi veROY 6 Bie€ARCH Faempgehare s Nesh-ererdeddr of GHAIEn iTRimedidiegdng’ to
preventy,{ Hiy; sﬁ@lﬂlﬁn%étggér (M Ghdalint DGR ERofRERIWDeLAPsTiadharhon.  Th! S

technique is called hyl'acti'c radi ati on therapy. Radiation therapy al so
can be mtiverstays ithehehos @ thl ceresyvip fiomsths wotgens IQRTMm4y nused e the ttehaenhas
spread t.o the bgnes or other parts of the body. This is Iled palliative
7B at i ARG R oy G PeRd BETSRITEH CORE o SBRT T RTINS 48 he. body
(ext er n@hcdradtRtga@bbas. TY ak6 bBInd GRMiddNa IcHRichNGiaRRNYedrEN§8ABR to HREH Bhieon) |

or may use unseal ed radioactive materials that go throughout the body

( syst ertveesroadiaan fuspors hed pglyic. sarrhmas ypadudth. radi ati on to be gi ven depends on

the ty capce its locatiqn,. h {)ar into the.body the,.radi.ation wll
noed 19001 {ERBh kP eaRERR B O el RubtBupP Vel Bt SEHENED e

pat i entthivplimaRedtacethelexinprRsshill €aNees cidcedtha®highantt Ftpehdihaed ges. Most
peopl e who receive radiation therapy for cancer have external radiation.
Sone pdtfients have both external and internal or systemc radiation

t herap j1t he ; I . t iation
thor apy ey | e AR AL WO FNEL o log T N BT PR o AT RISE R T
t 0 st awernclbkretoton sppiideathe tuaxdreThatadiadidh aburon istusedlapsealed ingeohatl hotdeeat nost

types of ]rl%ﬂnc,er, i ncl udi ng cancer, of the bl adder, brain, breast, cervix,

| ar ynx, callemhap imylat lpplants may\Psdn g foym of i wigh plaskie &1hsa calied sathefssh may be

used tqiyihi UFRAI & REJLARE MRS Eﬁ@cﬁ}e‘éﬂgiﬁ’t@% t?dﬁgpﬁl&erﬁﬁfr%géo& 0 ot her
parts of the body fromthe primary Site. [0057]Intraoperative radiation

t her apyth§rIgRMpy irequare fadronpicd] seyt éxterahl raduiian isosutliyadelivsregiiz ene dutwiong

surger yvi/ay-ls_,geggh io wlljusc dusE:sO seta e%?}npia?l s?llhégs%tiglarggi%{ign Ehrf]:?'z}py%sa leggrt’tedbl?ltoct?ss flz etely
at or near the tumor site. It is used to treat tumors of the head and neck, prostate, cervix,
ovary, breast, and perianal and pelvic regions. Some women treated with external radiation
for breast cancer receive a “booster dose” of radiation that may use interstitial radiation or
external radiation. Intracavitary or intraluminal radiation therapy is inserted into the body
with an applicator. It is commonly used in the treatment of uterine cancer. Researchers are
also studying these types of internal radiation therapy for other cancers, including breast,
bronchial, cervical, gallbladder, oral, rectal, tracheal, uterine, and vaginal. Systemic
radiation therapy uses radioactive materials such as iodine 131 and strontium 89. The
materials may be taken by mouth or injected into the body. Systemic radiation therapy is

sometimes used to treat cancer of the thyroid and adult non-Hodgkin lymphoma.

Tumors

[0060] Tumors to be treated by the methods and compositions of the present invention
may be malignant (e.g., carcinogenic or “cancer”) or benign. Examples of benign tumors for
treatment include thyroid adenomas, adrenocortical adenomas, and pituitary adenomas,
benign brain tumors (e.g., glioma, astrocytoma, meningioma). By "cancer” is usually meant a

group of diseases having the appearance of tumours as symptoms. These tumours are
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WD 2011/ 031474PCT/ US2010/ 046616 renoved or that have a high risk of
recurring (comng back) in nearby tissues. After all or nost of the cancer
i S renovewp 0nasli4mge, hi gh-energy dose of radiation isParsdoidioneses |y at
the tunor site during surgery (nearby healthy tissue is protected with
special shields). The patient stays in the hospital to recover fromthe
sur ger yeompoked dfayypieal gslédhaving heapacaaforeintonomoub gromit, anehpealier ect al
cancers gynecologlcal cancers, cancer of the small intestine, and cancer
of the JskiRbtaEgR anjapiljty toinypdagpeighbouringtisyes ndoyestelcand & tepdansy (¢ esear ch

st udi e%sstsﬁ’hﬁa'i %’i’&iu%ﬁ@r?& ﬁEtaE’t’é?és Wmmlﬁnﬁﬁﬁ)npgiaﬂ esSSH c‘ﬁﬁ’mwhﬁhadu' ts.

[ 0058] Prophyl actl c ranial itrradiation (PCl) Is external radiation given to
t he br aian bafreated bg ther inpthogs malmoarpoélftlons éesanb&@;er@nmﬂldludrdﬂhddeunrglccancer) has

a high risk of spreading to,t br a I ntern radlatlontherapy

(al so ﬁ?lﬁ%%n%%‘%ﬁ&/‘iaﬁé‘?ra%% Hﬁgé‘é 35{311? aoﬁg]Ph&P fest F%EESH PHRTGA ose to or
i nsi de éaﬁ@ertéiﬂeﬁletriﬁmeaﬂc@fj Ak RO AR, kRInky (epdlabllycaned! 8dn kihcar,smal | hol der
called an inplant. Inplants may be in the formof thin wires, plastic tubes

cal | ed (penmelpegrsa), kub@mﬁsthqubsmcels lurtgrcageﬁdcsem?rﬁe:anwm erlail gaq@gt, directly

into the bo Int nal g nther p uire h
 nt or nro PR sieBh TRl v PR ORI G B Rl B o

uses seah¢ gsbvierRb@bed mdthddsr salv;tﬂe@idemdidaiat@fﬁbrﬁzneé@Wau ardif@hid ed into
tissue at or near the tumor site. It is used to treat tumors of the head

and necladopeisiat deaocarapgmgs, owamyadeb@@a@tlomwdp@ﬂlaaﬁ&ﬂanaﬁaspel vic regl ons.
Some ‘“gﬁﬁggt € §£n§9 dﬁ%hpﬁl&laﬁr %tl{ea\ﬂb(?& b 42 L[’ fn 5&8?& N,
ter se (6]

"boos I on t use Interstitia 7 On or xternal
radi at itotthe maﬂqu:@scmlaerdWemnldahrbahlwﬁlmltraaadg at pmveﬂnlngrcamyalmsmonser ted into

the body with an applicator. omonly used in the treatnent of
uteri néygﬁﬁéémorsR@’é%rﬁY%’éﬁgsfhf'afrpéeaéll %f&a%%%s?. they SIHBE RSV PHEYSER- i nt er nal

radi ati her f . rvical,
o) o AR08 Yokl SRIESEn: LS LRI NS e

radi at |sohdt§trafnaplyd umégund&dcloa&tlngspmsmn atresdaich tla?shkeoﬂrerﬁ@‘alﬂSlh@nd
strontium 89.. The terial a may. Qe t aken bﬁ]é%’q gh or r}inglcted.int t he
body. SYSPERIIENT YairdmiTyHeeH H‘éy PYEESHHEY iSHES U éc?mtgbe% ABURSRYr of the
thyroi dyradich afdidd atdIaHe kbRApbAHRNRANR aldiRNRe [ RBE/-idHoR IR hAnASHd] eat ed
by the nmethods and conpositions of the present invention nmay be malignant

(e.g., deaired. pbyyanicentisally-eegeptabl-)e, o<pntb7e1mcgmiler®mrbb@s, whicharsidghinediaor s f or
treat man}1 Encl ude tlhxsr (al d.ade a? adr cortic ax{ie sIorﬁud Ig)l tuitary

CLES COMIM! to formu armac?u 1ca COmé)OtSl lOIlS Or dnimad
adenomas & gn’ Brat v t unor Seyt oM, " rehi ngi oma) . By

" canceradniisiststial, Cysm@seaabnﬁn@y Bfupro@fded ias edd8ted@lbafgoritheeBfppass ance of

turmour Sfo?n?ulasl 1onrr2'.[ 'lqggéan-li_greo?‘r%iﬁlggto nlljarysinglﬁlge any sustained release material known in the
art, such as glyceryl monostrearate or glyceryl distearate, alone or mixed with a wax.
Controlled release preparations can be achieved by the use of polymers to complex or adsorb
the metformin and/or chemotherapeutic agent. The controlled delivery can be exercised by
selecting appropriate macromolecules (for example polyesters, polyamino acids, polyvinyl
pyrrolidone, ethylenevinylacetate, methylcellulose, carboxymethylcellulose, and protamine
sulfate) and the concentration of macromolecules as well as the methods of incorporation in
order to control release. Microencapsulation may also be used. The timed release formulation
can provide a combination of immediate and pulsed release throughout the day. The diluent is
selected so as not to affect the biological activity of the combination. Examples of such
diluents are distilled water, physiological saline, Ringer's solution, dextrose solution, and

Hank's solution. In addition, the pharmaceutical composition of formulation may also include

other carriers, adjuvants, emulsifiers such as poloxamers, or nontoxic, nontherapeutic,
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WO 2011/ 031474PCT/ US2010/ 046616 conposed of atypical cells, having a
capacity for autononous growmh, an inprecise delimtation, an ability to

i nvade newgQhltbounsii4rg ti ssues and vessel s and a tendency POTAiSsGIONUGEaE € by
the production of netastases. Wthout limtation, exanples of cancers which
can be treated by the methods and conpositions described herein include

bl addemodan@enegeni sabtilizers oidaas tike diffretiyve aouarttodfkich dilyem o omriec@ilbbe and
rectal cancer, pancreatic_ cancer, endopetrial cancer, praostate cancer,

ki dney thessrigiovats wlyick assedfectivqdopbaima gharmaggicall n Acseatble fagmuation ing hyr of d
CaNCer el CARARY of EShYAERALs. SAT6REIcPYRALIANBARCRE, Lesticular cancer,
Primary and netastatic ow h of the following tunors can be inhibited by

t he abd0863escAinbeer aptétadshe pastenaimventiaheremsdo o domiiatimsfor teatingeahcer
carcinongs, endonetrial . adenocarci no ,_ovarian adenocarci nomas and ocul ar
el anontdh the gBR 19 G samhatc i R aRbes BBt MedopndaHOB g e baF oo ¢ g
adm ni stleadel RRice 3RS SHed sbRerhlgg thelhedgredRaG bREG N L AbRye £ABIIBE. $1rAf Ul i N
treating or preventing central nervous sgstemtum)rs, or preventing the

spr ead fofmaamere¢an begn theefore of pr 44bletdprapidl) stpsaharicased Al Ttaloptrantdmegsuni cal
Composi O fhe [l ol AMENONIBYoREy | 1 the dosage formof solid

sem -solid, of i qui %1 SUCH AT & g. st'spensi on, aerosols, or the like.

Pr ef er g0064]t he AgeipPSipkEtaT$heafrescad MvehtidreieREbsitd a kit for the$@gEendn06M® Sui t abl e
for single adm nistration of preci se dosage anounts. The conpositions nay
al so i riebigaeby e pretids disslosedhkereigrpagl. Smentheray ) eldhe kit comprises one or more

phar ma Leal.l ys bl - i i .di : i e

ot nod s o Bl R e Al U ne Bl Ry M L BBl P
f or aniorah separdatinialy),ad erdosés @bvided aisorp e kitonsy fiijied@npiiwinsdedioas
sustained rel ease or tined release fornulations. The carrier or diluent may
i ncl udelCaPIRUSER S (BB S M EPAKAEIRAC F FoTPHAtNOf bethcthe Ftigyirer yI
MONOSt [EARL Sy iR o HGREY bof HeXhERbAkRpeMORnQr M xed with a wax. Controlled
rel ease preparations can be achieved by the use of polymers to conplex or
adsorb the nmetform n and/ or chenot herapeutic agent. The controll ed delivery
can be exercised by selecting appropriate nmacronol ecul es (for exanple

ﬁg!{%)e”stlﬁ odRBl ¥ATMAs 86! 417 ao @ i Y AuIRYES aPhle AR HFerapEllYd SIAGY biPX ?Eﬁtee’

concentthatinmnnotilulatadrlmmleﬁ’onhhs as wel | as the nethods of incor poration in
order to control release. M croencapsul ation may al so be used. The tined

r el easq0068]mul ahé presaainyenovi pevales Gorbhethddsan saken forademt &.andetboinsed

rel ease throughout the day. The diluent is selected sp as not to affect the
bi ol ogi LENHEF) v podtlaer: ?@eﬁbsiaﬁa&ticcﬁgﬁntfbaﬁ%q BEhges QBR PERPReRTEIgRe

di still-gghdelfler, RRYD- RS} GBh SAL Eftbe RedeShssdy &l &Eﬂgﬁﬁnds@&%,rame o
solution, and Hank's solution. In addition, the pharnmaceutical conposition
of f or né¢tairmamdermatiaé)sfor eficheyden lodlingrofabe caller 3y thedpathedst s medorrhisi f i er s such
as pol oxaners,. or _nont oxi c ont herapeytic, WO 2011/ 031474PCT/ US2010/ 046616
non! mmiByERaS Somirrod AR .em@wté%%ge\vé%atﬁsﬁ £ fb%fr HSTEAOAP uent
or car rijggheMel b iR drhRsR tﬁ}r@éﬁ%{lﬁn%’vﬁﬁ iAlifg ?iflrfaﬁl@{ek Mﬁth%(ée}?@ﬁte?g.,rbeﬁ
phar maceut i cal l%@ acceptabl'e formulTation in ternms of solubility of
conponenttslitydr The edlloghlibity iaceinpiueg to aingpprepriate gantrol pbed hasootiseeisgkidet of

the present inventi.on relates to . a.fornulation for eating.c r wth the

above by ESRTRaE oAnaeR B EhBu e Y RO AR ARG "

cont r olth&tbrivgh easetide s Geagoahs odilaes Gehermdbthefapéie demgs are being

rel eased in a delayed fashion. Such formulation can be in the formof a

t abl et [0006]a pilhe pregeiitémvepdppalse grayides dprapethadsstescisen Enragents whishfarer ent

time i f [ - - f

pr osent T iniandh Bl ekl AER: Bl Yo BIRALATOUIE] P IRAGImL 1hite
methods, a test compound is administered with metformin (or an identified metformin

derivative) to the cells, and its ability to kill the cells is determined by measuring an
indicating parameter of the cells (e.g., cell viability). The cell viability is compared to an

appropriate control which has not received the test compound, and an enhanced killing (e.g.,
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subj ect by the nethods disclosed herein (e.g., tunor therapy). The kit
conprises one or nore vials of the netformn and one or nore vials of the
chenot herwipeoti/siggent (s) (either together or in separaPeTiisadiop46oaé t he
doses provi ded above. The kit may further contain instructions describing
their use in conbination. The kit may include a formulation of both the
met f or m gynt@eic Reéfectiiidicatnehanhdesteoafpotihe ischegeitiritdpentanceddgent s.  Met hod
for screening for an agent that nodul ates a chenot herapeutic agent or
agent s PHERMAR-e nodul ated by netformin [ 0065] The present invention

provi dgaod A MEhBRAS.hRARERR chiferfBRD biadeinGoludBhl &AL HRbIVRHNYES)

t hat nodul at e chenpt herapeuti ¢ agents by the nethods of e present

i nvent itbamedmooof cetlancarlturaddie agents emag de addeihmadldvstloamgheysieseds o ass ay

t est comp ounds a mstform derivati r ef |cac on killjn
e col RS et prEHET Bt s Berdcie ¢ 6aur ol L AP oSt siachi dh
known QH&B'&H%H?R@ Yh bﬁleﬁgﬁé]%taﬁ@ sd10Go1f ¢h h%lovﬂdh?odgh%yﬁ&h' to/fitias Kieldsed,he
cells is determ ned 3/ measuring an indicati ng parameter of the cell’s

08

(e.g., wher¢ ong islaiphiysiplogicig newetrdl soliutipn.|angd yhe & @dﬁﬁ@rsemetsglualnnapﬁbrtbpri ate
control whlch has_no ived the tfor atlv and a nhanced
111 nge T oo BRIFIR p el Ml il ediE neRvesi

der i vatsinge siutdsh @@OY, 4 habs GBtest @ingdiad ehelred Hﬁﬂl@ﬁ)@lﬂ&ﬁ&of&ﬂ@ﬂﬁm [ 0066] The
present invention also provides for nethods to screen for agents which are
enhancedrpandipgthe celiyrdhe oyglisl epnceafiaiiens of dbfcermponents @& the qaitire megiami | ity

by netf ([’J,‘i,nlﬁ I

met f orm S%M?glro t g}%m%ggiﬁ; I #CI egﬁvﬁgﬁf orar?riltd}lt rva |1{1/52)Oiatgé(}%v;é Iz{hgetﬁj Swuhglas i

abi | ity fiow khrblllgl’tﬂflethOé“hSOinS edfbbémﬁﬂ'nltaadgéjiy foreasationm go aot inoldtle additignal
paraneter of the cells (% cell viability), The_cell viabi I|ty i's

conpar €§MPENEHS. SPEt %WF%?E\@ ivehithas mayhaxs aﬁlagé“f}f&{lt GiEcbrv B Y@l est

conpou rfgrmlﬁgﬁlotﬁ ﬁ“hﬁ@ﬂ@&fé%ﬂﬂdidléﬂ? g f((rﬁlugatrons V0 2P ésjsé&’r)all%io% RGddt g&ﬁ’ 104 Q46 616 a
synergistic effect) indicates that the test conpound i's an agént that is
enhancqﬂhybylorgmaﬂwameptab[mﬁ%]rmg wast, ethanploDMBRO ate Hoveweniientdnypadded i n

oent s g e ERLute RS e Butilon Rt Sl ol of ehpsbifisalt Cont or

conti nygees] Or AadILRIiRASH AelyY madidirig irPp R Svid ditfBiRn CARROLNentRHREL ¥ OF
incrementally, to an othervvl se static solution. In a flowthrough system

two fl uibgn adefarerttl r%h@rrse toHe vagoas gngenteitiogs. e‘*éll‘{@\’milelutthfaélft glgtegmingrg  and
; |hﬁl gt E}Ee [%tlgecstlé]a COI{I/Cee:_I‘{F tfl“len O;Fe a§et\{¥ltwlfaly%laseggg%q%e%gg%%cr?a@q ons resuﬂm&lflrom

sol ut i on10yek bodr 1oz soglk Udilu@ibns. heletceﬁéenﬁ@m@uﬂ@ besfuatigie@dfihed Wik aeddndae of
medi um surrounding the cells. The overall concentrations of the conponents
of the setigy Afrlugians, ifmeseisaiyd Triiealbh aAg af DPYFRONFYURIPYS WY 26 RECEPt i on of
t he bol sone
erbodi renret g L BB Rt MBIy Bt rthoth: BRI A Belele Clen
as pregske vaicemesiontdiagenalyat ldagsenaa ghiegindetdotabind clehfe ot the phédveypever al |

formul ation. Thus in one enbodi nent, formulations consist essentially of a
test agent and a physiologically acceptable carrier, e.g. water, ethanol,
DMSO, etc. However, if a conpound is liquid without a solvent, the

f or mul ardspConmouadsnsi st essentially of the conpound itself.

[0069] The term “ test compound” or “test agent” as used herein and throughout the
specification when used in reference to a screening assay, means any organic or inorganic
molecule, including modified and unmodified nucleic acids such as antisense nucleic acids,
RNAI, such as siRNA or shRNA, peptides, peptidomimetics, receptors, ligands, and
antibodies.

[0070] The test compound can be any molecule, compound, or other substance which can
be administered to a test animal. In some cases, the test agent does not substantially interfere

with animal viability. Suitable test compounds may be small molecules, biological polymers,
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[0068] A plurality of assays may be run in parallel with different agent

concentrations to obtain a differential response to the various

concent r avpans/0354known in the art, determ ning the efPETSI@0/046616
concentration of an agent typically uses a range of concentrations

resulting from1l:10, or other log scale, dilutions. The concentrati ons may
be f ur tdnel ag @il pepaided, pblysacsRatled, geyriveotliestdhhdithe 0iks, Thef test@ompsaids. will

Typically, one of these copcentrations serves as a nqutiwg con%%%!,l
Mg RS By P at or

at zer ¢YRIGHOEPR ddminserest todhe amahat 3 dasage fifrored defkedn

or

"t est

. e.

bel ow tl'@)ep%%&)eﬂrﬁ{gﬁégi. ¢85 RbmBOETs i BE i RAGRNBhe Qb Vifer qugaq}é,'t'@glcgv&hange in

t he phenot est "Conpounds [ 0069] The term’ test conpoun

agent " sash asadi-proti@rativa@ngenthraag haadtcompeusisdor diugaevdopméren used i n
| ecul e,

refere 0 a,ScCreening,.assay, neans a rgani ¢. or .i norganic
| ncl udi A0 Mo I SPSHRCHRER 1S doRgRIE Sanberm SigRis e SURRES nucl of o

aci ds, RNVm oSehbiAfiosal i@ oﬁhﬁ%&atiﬂ@ﬁ&aﬁ@sﬁ MBS AR Bk &S intBEEPT OF' S,

| i gands, and anti bodi es.” [ 0070] The

est conpound can be any nol ecul e,

conpourddt, sesh ast fee exauplst chamécaliispithesdredddraidhsi recembinent phegadispley ani mal .
Some cgges th%liest agent. dges hot substantially interfere with ani mal
, rarieguail ifvno tr’ tgalo?fp

ased libraries

viabill%y. abl'e “test co
pol ynmer[eg72]\\O BR4rkp18S ARG 11YS0thesi A0tk fri e dasrib&d waRfbl eles.

ounds may be small nol ecul es, bi ol ogi cal

polysaccharides,(ﬁqégnucleotides, and the |like. The test conpounds w ||
r

typi cal(Bgienee 2dm

as | eadCleanpoLird3-5fql 0% ) @hteveirepate (Rroc. [NWET Kchd SorféS £0Dd0D2BA6S, t est

conpound can be fromdiversity librari . such as
P (1993)), Erb et al. (Proc. Natl. Acg/d. Sci. USA 8%:11%22—26 (1994)), Houghten et al.

(Biotechniques 13:412-21 (1992)), Jayawickreme et al. (Proc. Natl. Acad. Sci. USA 91:1614-
18 (1994)), Salmon et al. (Proc. Natl. Acad. Sci. USA 90:11708-12 (1993)), International
Patent Publication WO 93/20242, and Brenner and Lerner (Proc. Natl. Acad. Sci. USA

89:5381-83 (1992)).

[0073] Examples of phage display libraries are described in Scott and Smith (Science
249:386-90 (1990)), Devlin et al. (Science 249:404-06 (1990)), Christian et al. (J. Mol. Biol.

227:711-18 (1992)), Lenstra (J. Immunol. Meth. 152:149-57 (1992)), Kay et al. (Gene

128:59-65 (1993)), and International Patent Publication WO 94/18318.

[0074] In vivo translation-based libraries include, but are not limited to, those described

in International Patent Publication WO 91/05058, and Mattheakis et al. (Proc. Natl. Acad.

Sci. USA 91:9022-26 (1994)). By way of examples of nonpeptide libraries, a benzodiazepine
library (see, e.g., Bunin et al., Proc. Natl. Acad. Sci. USA 91:4708-12 (1994)) can be adapted

for use. Peptide libraries (see, e.g., Simon et al., Proc. Natl. Acad. Sci. USA 89:9367-

71(1992)) can also be used. Another example of a library that can be used, in which the

amide functionalities in peptides have been permethylated to generate a chemically

transformed combinatorial library, is described by Ostresh et al. (Proc. Natl. Acad. Sci. USA

91:11138-42 (1994)).

[0075] The test agent used in the screening method can be selected from a group of a

chemical, small molecule, chemical entity, nucleic acid sequences, an action; nucleic acid

analogues or protein or polypeptide or analogue of fragment thereof. In some embodiments,
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random or conbi natorial peptide or non-peptide |libraries. Many libraries
are known in the art, such as, for exanple, chem cally synthesized

| i brari esworetiasii7aant phage display |ibraries, and i n PCT@S2010/046616
transl ati on-based libraries. [0072] Exanpl es of chem cally synthesi zed

i braries are described in Fodor et al. (Science 251:767-73 (1991)),

Hought ahe miiclat acidNaDN22 o SRHAS 4nBoud(di® 9dijl Janalbguesefor @kamplblahnbePR34: 82- 84
(1991)), Nbdynskl (Blo/TechnoIog 12: 709 10 (1994)), Gallo et al. (J. Med.
Chem FFPNFsmndiNAq dgwrleic ‘GlﬂlPPéVéP sgglegr dopplestrandgdy fnd 9&@&)& selggted figgn

90: 109%@%&3&@%&)@ nlt:rEllalcectcuﬁéncoéh%FJ%Sjrotléﬁtdf intARRd ol uclelfﬁéésgﬂ’NJ%l%%Z 26
(1994)) ght é% Bi ot echn es 13:412-21 ( , Jayaw ckrene et
al . ( PrSch nidtic. acﬁcacjuenScs inclugé, f@ﬂeﬁaﬁiﬂpﬁe ththﬂﬁ@NE)d) to, ISaJllemz) aciétseqience Pr oc.
Natl. Acad, Sci. .USA 90:11708-12 (%P?QB%% | nt er nat i onal Patent Publ i cati on
VO 93/ 859N Brpleils; BAGASS aS (anserpt gorsgafipensqmpleculss; ribqzymengmalls 1 - g3
(1992) )inhibRO{3HuEaRie S En&@%@e;&hﬁﬂé&)’t ok RhAkH ESRANG, $RICAI BRWA N Scott
and Smth (S¢i ence 249:386-90 (1990)), Devlin et al. (Science 249:404-06
(1990) )micGhRNg\ |(laR1\b°tl) ailntls eolmnuc plodes ex27A motelman(ilpggmtyde agersrra (J.

| munol al n 5 993)), and
| o ndebieal teleP s B %fa?t A B R e

transl a}irbt@ﬁrsbas@gedtmfratrehﬁStrumtddqﬁoteim@twﬁdrannm ﬂoteﬂih {safdringlly htkeseor
described in International Patent Publication MO 91/ 05058, and Mat t heaki s
et al . qepresged akdawer loyelkdn tigegell. Proseing olgintepesp gan boglecsed fBYM gejoust  exanpl es

of non Y. et al.
proc. - RanFr ke 5RE Feif. SRGORL ASREDGY p AL pepRBE, Erfluie sEHUL,

Pept i deeddnliisiadrt @sotéiaeehireriy: pro@inmspmtibodek, hunkmoed plmtelhls h%mnhze&l . USA
89:9367- 71(1992)) can al so be used. Another_ exa of a library that can
be use&ntlbﬁlmﬁhtm@efﬁ@namfﬁa madaisdamateins; ad frag mé%tﬁeréef HAG 82y &y be

per met %ﬁé@@ thOnBERCHALR a&t&et@ tﬁé‘l:él)’?\la&@%ée% BB RfABRh eﬁgagh@d mhh&rsar Yy,
is described by Gstresh et al. (Proc Acad. Sci. USA91:11138-4
(1994)ﬁm6ﬁ®O@5$Hhmameﬂytagaﬂmtm@gbemnumdéﬂacwwbnMﬁgxﬂdtmodﬂbaﬁem@xbahected

froma group of a,chemc cul e, chem cal nucl eic acid
sequendBei daeit G e T OEr aVgHE BEe e BSs RIGHYHS! ypept | do_or
anal ogugin@drigiionFERMIn 19%69 dudt_n TP MR ARCATR Hﬁ&’&r\ﬂ&em agent within the _
2011/ 031474PCT/ US2010/ 046616 the nucleic acid is or , and nucleic
aci d armllo@u@sentfabp eem@ﬂ‘seesaam a@@@wormﬁmhaml‘sm& cells gfiendsidermaci d may
be single. tranded can b rom.a. grou i sing;
ot e SRR RS, AN B NG E BplieS i Bl ah oMbl PhOLRBRIRE D,
Such nugkgdre a phidols gigulerharse innkd cdie forfeRhmBkasiiphes lihiidd hedtishddked t o,
nucl ei ¢ aci d sequence encod|n§§Prote|ns that act as transcriptional

r epr es d6Rigingapaqdiatinns eoldpihaglyekestrical wmepnlsepdghtandior warelprgth §xBosHIe UM c aC| d
sequen

(e (o ? oAy R le M, ke shBigFireacBREen Kb, cBALR T or
f r agmend rédedveotygenapedis (Rﬁ)S),psﬂtemmc@fdlmmtseﬂmesceiﬁ@rex@nmbte but not
limted. to; nuta rotel t her apeut.ic proteins: nca r ot ei ns,
wher ei ?FI{VH@H@FB@LW 55, %ﬁtdwntas% ﬁtmmn"g%efﬂl sugalj dzfing 9W| els in the
cell. 3&96§ﬁ9§)@&ndﬂ&?ﬁ@&hﬁﬁﬁ@mﬁﬁw§ﬁhﬁﬁﬁﬁﬂn&r0”1a group conprising; mutated
proteins, genetically engineered proteins, peptides, synthetic peptides,

r econbi[A8TG] pr bt einmsgmlgdviiments,chg pgrneisrm, agamtquntdreetsmclhdmmnzwd apdot ei ns,
hunanlze% anti bodi es, .chineric antibodi d fledlg[n HEIHS and fragnents
t her eof" AN SYBRYVITE P &N HIHAF L PY Obh eﬁ%ﬁ & Whel Y O et s the cel |
(such asolealiés whichafsorerudk 8fdagbmbtaBtdnblREMEE Sndri i€ hbRehRs, Lhé@ nati vel y,
the agent may be intracellular within the cell (e.g. cells ‘of endoder m

or i gi n)seaienges; esuin ippoitait aspegeel thainyentidieis iueyadiate amd@tiaﬁfe@wam@ﬂudwttlg) t he
cel | aQQchttstets{u?nsaS{I It}pe 1l On Iar?(ﬁHatgl 0hed 50 m%lu%r %9 a% Ir?lg'leg lest po%lnysgl eic acid
and/ or prot e ce a1's0 enconp 25508 4 action

and/ or fan&ivhal gteupsatelc5ssé@ for staehdral 1ﬁferz&ﬂd@ﬂ@ﬁﬂﬁcﬁ]’aﬂglh@)lrogéleb6nﬂiln§Gth&d to. As
a non-limting exanples, an_action can conprise any action that trlqgers a
physi ol tBRjFth ingydmglelesh ap parince Farbony hyslkep pecabex A toup: Hequsatly gt lea

heat - s 0 ght
and! or By FA L M B, TR R e EBE iR TR A EppBh,

i ncreased and/ or decreased oxygen exposure, exposure to reactive oxygen
species (ROS), ischemc conditions, fluorescence exposure etc.

Environmental stimuli also include intginsic environmental stinuli defined
bel ow. The exposure to agent nay be continuous or non-continuous.



[0076] I n sone enbodi nents, the agent is an agent of interest including
known and unknown conpounds that enconpass nunerous chem cal cl asses,

pri mari | ywongamstsmol ecul es, which may i ncl ude or ganonetralritseomwnhe@tal es,

i norgani ¢ nol ecul es, genetic sequences, etc. An inportant aspect of the
invention is to evaluate candidate drugs, including toxicity testing; and
the |i keheasngtliastencagenirsl/@lasematicoriey06gatid Gruenir@ctubeiuednyith Gierg
functional groups necessary for structural interactiaons, partl cularly
hydr ogéﬁmﬁ&g Ovaﬁawp%ﬂ &upy- Gandidatrorgsnts agnalpo fgund amoag bomlergs,

hydr _Oxylhclgﬁm gEﬁ ﬂﬂﬁfeotlﬁése%@fﬂatr dés %t@r gaad, skeYRd® uhﬁ& E#%Hl&@al
chem cal gro candl date agents often conprise cyclic car bon WO
2011/ OMVW/dﬁﬁmﬁﬂlaﬁdlﬁ@sLﬁr @rrnlhmwme)d;ecdqfc struct ures and/ or aromatic or
pol yar c st s substituted th o nore of the aboye .
Pttt JIBIG, ot helih BAPR saginte rlrbrepbE Ay At SoHg - Ertsor Lotes,

i ncl udif@enaey bdesompoind ¥t Rkid8SudsS mﬁ?ﬁeéheﬁ&héﬁ{péﬁb%en@t eroi dS
purines, pyrimdines, derivatives, structural anal ogs or combinations

t her eofhorl[ngmersw]r/hpgooriermlltag@emtSaerMéb factyyent ls:cembmphtagrm&oﬁag@rscmdr y active
drugs, fgaene %ldléé 1(1:tts %h\é?eo xee%ylla(?rs harmaceu 3K n%sts%thabqt ?or%ﬁls i ncl ude,
for exa 1tqﬁerapeutl CAgefit's fp Sriones “ote“hdrnone. ant agoni st s,

growth 1f1%’h'ft1@ﬁ %rdlhoé’e&ié@&bjeﬂaﬂt"mé mﬂmafcarbtgwaslsamﬁoff TiegapRatiss, a0dodadd &t S
t hereof. Exenplary of pharmaceutical agents suitable for this invention are

those daibapy, @éeGliaW HilipiNewpl arkaiie 1 690 aINiREsqditicry, unges thpwegtionss Watetpodman
d G g a%rF {g: | th
2gct i ons: \?\%‘?/E ? fgercl:glﬁ X&{Mj NIO\E %&Tdrg (f%lq%’ll e%%qblﬁglhgr? a‘!r'llg%r ©

El ectr cﬂ}astrelﬂkmladdcﬂunsmn thegmt}Mefp@aiﬂMgrdBaaﬂﬂ)lsnamSeé?hemarlheﬁrpr;a@f Nenplastlc

Chenot herapy of M crobial_Di seases; Chenoi herapy of Neopl astic Di seases;
Drugs AdSFags dHug féealspar Riogd Forgmsoraqns; Hermenesapd He ARESRYYM st s;

Vi tam r\sltan%g @érﬁﬂa @MTJﬁébﬁgg’ %ﬂﬁnc&b&ra{eﬁ%gfe%)f)Qre?geﬂger Qi1 ﬁwluded
reference. A’so I ncl are tox bi ol ogi cal” and chem cal warfare

agent s,ard mx1rexarq5$lelogeal SmlrrﬂnnnucaSwaI\fare(HEdnt)x,, fot Strample sde Smdnarse Mgédt)s, "

QFZSE?S Cap ST St ASs; PRad s ErR N SR B e mornel se sam es of

unknovvr[og t entrhe §lenkdThERLES hll BF B1eCRRRIsF nibleduls @R s@fbedabdeahhd/magcur ri ng
conpounds derived fromnatural sources such as plants. Wi [e many sanpl es

wil | ccfntthcrrsenrp@ﬁmammiss <i>fr1métaown comrfents OF rmersaraper ecsrnplhatnnetam@én@m@éldl ved in
a suitable sal vent rest i ncltlude

envir Onrrenrfrmfg comgpv]n{gi yderlvecp from na?u&z?lysoPrces sunB as \R/aatn S WIFC manéz sam%) es will

etc.;

bi ol ogiswalpris@omhpsunds ngsohllt}(ﬁnat;@ﬁi Pagdartagt cﬁﬁ emirsmped 1nt£! SisdelesaRphtes, etc.
manuf act uri ng sanpl es . time course during preparation of
phar nadBt 41&b%assassedm$rmp1§s of infsyept insdudsfenkispBeHYS P - S RIPWId HHEI ysi S;

and th f r d e for

ot ent' 5t Efes TR FRO ey MiBHERN LEINCE BOMRAESL AFLD AOSCESGE [ Or
screeni sraglplerspdtudmanﬁratmrmg pargiges, eat tivescoarsd dasng pﬂ:@metlalg efiplmrhatcdcalef err ed
to herein as test. agents or test co oun t ents are obtai ned
from a &t é&’raé%eﬁ%groemﬂnéégrqpﬁrﬂd ar%njlsrsrw%crf Mg e@ﬁ%%ftm@reér nat ur al
CONPOUNHguddmSHAIPbENg AHEREDHS: JYRARS] tﬁéx%séﬁ{fé'daﬂ@ Fe fhe EGRAMRsand

directed synthesis of a w de variety of organic conpounds, I ncluding
bi onol 60T%Ys, Cnnipuulmdsgfoescpﬂrees@ iopludé metindoimidesdatoles gmhmnldebtm mstsand
bra ies of ounds ﬁ f orm of

O|IgOp t|d ternativel at (E
bact or rao bl R bt WSt entena it dtoed o R A Pas
produc Qﬂmdé\dﬁhéﬂy% @J)Llryes 1ﬁélh&'1'hg NibPdries WOk Hehdtea nituPdl QGH@Q&&S' pcﬁﬁthﬁ%lea nd
conmpounds are readily nodif hr ough conventi onal

numerous means are available for random and directed synthesis of a wide variety of organic

compounds, including biomolecules, including expression of randomized oligonucleotides

and oligopeptides. Alternatively, libraries of natural compounds in the form of bacterial,

fungal, plant and animal extracts are available or readily produced. Additionally, natural or

synthetically produced libraries and compounds are readily modified through conventional
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chem cal, physical and bi ochem cal nmeans, and may be used to produce
conbinatorial libraries. Known pharnmacol ogi cal agents may be subjected to
di rect ed wWo 20adotmichem cal nodi fications, such as acyl aCirars2oialokesh@t i on,
esterification, amdification, etc. to produce structural anal ogs.

[ 0080] Agents are screened for effect on the cells usually a plurality of
t unor / cheésal, pansied aal erachehical mesisphldymhybe osedua piddace vorhbinktokel cel | s
Iacklng the agent. The change in parameters in response to the agent is

measur etPragigiaawun phagiacolegihpliagerld Ny Reowpiseied én dirertebeignadig cheicd es,
e.g. iMmidBcRRS %ﬂ@l’?a?&?xla@%ﬁeﬂﬁ Ra2Gdn, LOEriRGRRN,; arﬁmf?aaasﬁ ev.\e wg&m@g agents,

etc. [0081] Paraneters e quantifiabl e conponents of bility, growth
and/ or stuptorgjendsgs t hat can be accurately neasured, deS| rably in a high

t hr oug system i anet i1l provi d . a guantitative
o001 ohePhs dftasirsten o B TRt Pt Py vEt fve rosult wi i
be aCCQﬁ&@P&ﬁceMG&%&n 6R%, Laallydecdhjsidash & idalierdd10edkina ikeaceat. THRY

i ncl ude mean, nedian value or the variance, etc. Characteristically a range

of par alengerin pardeters Vnleseansed the bgensi measeted; ard dactsupavalvetce nbyf rom a

mul ti plc:pCIrptaMs Oftotr?f%{ Sn%g‘éul usfg aYS nttﬁgl %ts)érllcletaXd agseiniz fC t516d f:ar‘leob ine %%h of
val ues eac R §'& rapneters " w e obtained usi
standardjh@tag&ﬁ@tet@al met hods vvlth a common statistical nethod used to
provi de S|ngle val ues. In sone enbodinents, the assay is a conputerized

assayf dPO81]; obhBrinmetsryie UrmiRROnRPse O berlt \&@'@h% BFOUBRNEOE onput er
synt nert ot UGG R B RS 6] T A Aok SREH AR O

nat ur almsw pama&terswdhpmldemmdaMamesreangamssma msazhgaea sqrhiadutastitagine of ungi .
The test conpounds can also be mnerals or olig ents. Alternatively

test coltpB@HYS Rl Wi be AtcsPiRBYs- Re¥ipEIABY Wakuf}f: ?é}ng q dterpiped wﬂueaabwg
i ncl udi;pg,uReREALSRd%h sfa'i@ dr tﬂpm&%@%tc @halfaeeaﬁg@esugfalr&%ggng fatnpertéres of

cheni cal conpounds synthesized in industry, e. em cal
phar mageadout adlpeseni reorta@ntcafor eaagrpacarhdter fadm armmlhpbqltmczfsheﬁarm aselatysg, and

bi ot ec i cal trjes. Test .conpoun in

har macRUIPOLY & XPRUFLHLE Tiose SR FRAIP HT e TehaUH R Ameiefa il be
envi r oryBeih& us Jtézﬂd@ﬂi SatiGOSITRth S w ik HG%n@hg%ﬁh@ca@HQtﬂdansg@w rovide
conpounds, |ipids, glucocorticoids, antibiotics, peptides, proteins,

sugars, Sl@é@ wdigsd Irasome er@bﬁdmplilt@, the hesay i sesconzmderizegtbssasior e mebotiadighof

[ 0083] Qﬁr u% atorl al e%rt £3.£an be R oduy ed for many types of conpounds

[ emo aco 1ne ace. .
t hat can u G T S %19“ ashi on. Such conpounds incl ude

pol ypeoosiys, Qbﬁipehm to by @J:Ietrﬁ:d&@h (13 natla@u@ deuiifinglofeyrith&ic moleygacchari des,
phosphollplds hor nones, prostagl andi ns, steroids, aronmatic conpounds,

het er oGRMPRINEDFRsLsERENe b e beretsined from nagsleoptcep sugions, marine
2011/ 0%%?0%?&%5&&? Qﬂg%,%f'&@% @nd fungi. The test compounds can also be minerals or oligo

agents. Alternatively, test compounds can be obtained from combinatorial libraries of agents,
including peptides or small molecules, or from existing repertories of chemical compounds
synthesized in industry, e.g., by the chemical, pharmaceutical, environmental, agricultural,
marine, cosmetic, drug, and biotechnological industries. Test compounds can include, e.g.,
pharmaceuticals, therapeutics, agricultural or industrial agents, environmental pollutants,
cosmetics, drugs, organic and inorganic compounds, lipids, glucocorticoids, antibiotics,
peptides, proteins, sugars, carbohydrates, chimeric molecules, and combinations thereof.
[0083] Combinatorial libraries can be produced for many types of compounds that can be
synthesized in a step-by-step fashion. Such compounds include polypeptides, proteins,
nucleic acids, beta-turn mimetics, polysaccharides, phospholipids, hormones, prostaglandins,

steroids, aromatic compounds, heterocyclic compounds, benzodiazepines, oligomeric N-
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substituted glycines and oligocarbamates. In the nethod of the present

i nvention, the preferred test conpound is a snmall nol ecule, nucleic acid
and nodi fwedonwsh4isc aci ds, peptide, peptidom netic, preCeiusoigloyeopr ot ei n,
car bohydrate, lipid, or glycolipid. Preferably, the nucleic acid is DNA or
RNA. [0084] Large conbinatorial |ibraries of conmpounds can be constructed by
t he encodedutsy atyeaics and bhg@aitamaldsSl) theahdibet ofahe prebad invenAbi,hax, WO

95/ 12608, Aff%/max WO 93/ 06121, Col upbia_ University, WO 94/08051,

Phar rrad’é?fé’ffs i sousd dsa syl molecplsshualys aeid apd mwdifiedawclsic agideh i s

i ncorp r epti de
| br ar (B G RO e oI B S e 08, e PEE PERbLIS

Devl i nthé/\mlcgdlt:m&%@Dl\IBontNﬁds to be screened can al so be obt ai ned from

O S oohe SF A eEn bR ack SR er e S s B e St =
Nat i onaslyn@an@ﬁsrahesscﬂmtneeﬂ%d MNGtibddah WRm R, W@B/l@%@@%ﬂfﬁﬁé/x v@t hesda D,
the NCl en Synthetic Conpound Col | ecti'on, Bethesda,

Devel o 13I1 émbrﬁeldnlwc@ltPrW@r AP8QSH, Plrpsmiedpeia, W@Qﬁﬁ/ﬁd@?ﬁ amcb&carmpy,,
nat ur al\éfﬁ%ljﬁ%&%rzeachco? h¥cholrs Ci)r(ljc%ﬁ[go(%atlecli Ffr:r%lrnlht))?y:re er}dnc%?n Qul grgwaf{)r all eadi | y

nodi f i convent T onal ica I oCHem Ccal neans. In

addi ti Qup dgegvxmeptlaﬁrmﬁ@msqgh@ﬁb bagendrateddy ph es&bm@pmetmd@h%ecé gd or random
chemi cal m)dl fications, such as acylation, alkylation, esterification,

ani di f ilRelineWO 814 89%%(@@]1%1@@ telihsareracd srpdbhbrokizingd flrBEyBERe
abi | tyoréjﬁg%%%l%%se ;icr'i]l?d}rt? o tth%l@ﬁgé&f ouﬁ%‘?@?% c%inpoﬁﬁ&sg dl% ssoci at ed

Wi th nmus gr owt ‘conpounds m nrster o the test
subj ectChenBridye (mrbmdtms\re(ﬂantlhegd @4) &mbﬂz&@hali GamgeChnbtitutess (NCIEBhtusalconpri sed
of tumor, —cancer, or _and/or can temcells. The cells nmay be a primry

cel | cuirpdnct Repositery. Befiiesda. M 68{ I Qpene>ynfhstic & ompeypd %PB%IPPThe t est

conpoungisy &an M, N@T‘s@e%ﬁ%?ﬁgntaf@ﬁer%ﬁpé Brogfn, Y-kt g the conpounds into
the medi um wherein the celf 1s maintai ned, §1X|n the test conpounds with

t he fod@O8] |i qlddnhooall}t hletuaailandtlsynmetth;aﬁylprddas:edld:palafasl dngl cadrponmcstaeﬂrl ng the

d | | th | th
et o tergt BB RRL RGBS E bl et P8 " ompound
such asdaliRw, kelvapsRirRtadsSsiaN dgb i€l ke sarjecteapeldiNgr BHedm SH&sichiat es i nto

the animal, intranuscul arl y adm ni sterl ng t he conpound, parenterally
adm ni gn@thflﬁ'cglomhesuelmwmon{ @@ﬂaqum wateil wwof ar@ltdltfmatlplea'gent s may al so be

i ncl Udei60$d(] i th %o scre%[:ﬁ‘l e CP%lt%%gIIGdS (%e(irﬁae?l a{) bslha%;l\ﬁ((f?h a(fulaste Lrgr%s’crlgy (]éit]; ,?r S

neutr al ei ns ergént
facili taatireppressidn Wf@&t@tsms@j’cwt@i Witk ﬁd{sae gw\@thgathe 143 Gcbrﬁp@unﬂﬁ? klgbudd beli ng

and/ or reduce
administered to the test subject. In one embodiment the test subject is a culture of cells
comprised of tumor, cancer, or and/or cancer stem cells. The cells may be a primary cell
culture or an immortalized cell line from a tumor.
[0087] The test compounds can be administered, for example, by diluting the compounds
into the medium wherein the cell is maintained, mixing the test compounds with the food or
liquid of the animal with muscle, topically administering the compound in a pharmaceutically
acceptable carrier on the animal with msucle, using three-dimensional substrates soaked with
the test compound such as slow release beads and the like and embedding such substrates into
the animal, intramuscularly administering the compound, parenterally administering the
compound.
[0088] A variety of other reagents may also be included in the mixture. These include

reagents such as salts, buffers, neutral proteins, e.g. albumin, detergents, etc. which may be

used to facilitate optimal protein-protein and/or protein-nucleic acid binding and/or reduce
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non-speci fic or background interactions, etc. A so, reagents that otherw se
I nprove the efficiency of the assay, such as protease inhibitors, nucl ease
i nhi bi t orwQ 2anG3m7ér obi al agents, etc. may be used. [00®@TRISe®GN¥@®Ié ves and

ot her additives can also be present. For exanple, antimcrobial,

antioxi dant, chelating agents, and inert gases can be added (see,

gener aldoy;spBéfit bgbatkgeourt antemetntisi eal A%, enagess thhbbihetvdid ingprovevaek, 1980) .

As noted above, screening assays are generally carried out in vivo, for

exanpl €ffigiAnGyAfiths agay spehsas r[f@%@%ﬂl@lﬁb&% o inedigey prEmicHRhid agents.
scientidi ¢, dseghnical ternms used in connection with the present
application-shall have the neanings that are commonly understood by those
of or di[ﬂ%%] skPtdsenvatiteh @ndpther fdditivesrcan alsb s preseiteFov exe@mpég lllltl[rﬁrd;rd!iyal

cont ext g%$l terns shall .incl ude Iur I%iées and ﬁlq{ terns shal

i ncl udéfi ﬂ’él ' élﬂ‘aéi’rng a?%@ﬂlfltm%%?df’%c EOSITAGY REHEECRYent i on i s
not | i maffadeftidNScRAEL Coth @ditBRt MALR! BQY). RS ﬁét@&%é‘ve ?dﬂébn'i@%&@i}ﬁssare etc.
descri bed herein and as such may vary. The term nol ogy used heréin is for

t he purgsosiellpfadied on dviviny, farckiopleain attbrediogBnt s only, and is not intended

to l i m[b?%gzis @ €3S o{h ! hl(sae Eef%nﬁ: herellnn\éelgltltllfo ic andVYh hmcaﬁ ?el’l’(ljlgqllser(lielgl Cfs)ﬁrlle%th by the

cl ai ns € oper Ty eXanpr e85 of TaHer e SPRE WS e
I ndi catgiech thaIﬂresemrﬁpprlsatﬁmhﬂsﬁmgh@lﬂ@mﬁmgg @5t 98 cmﬁgfoﬁw e stddd Hyaddel ON
conditions used herein should be understood as nodified in all instances by

t he t erthordipyyskil imrle arg fyrthgh giless ofheivisesisduiresl Ryeonfaxbsinguins teyps Shyt
'”Ve”t'lﬂau?éﬁu&%%&ﬁdgﬂ Jﬁ&&?ﬁﬂfﬁ&hﬁerel %i‘ﬁ 1% [0093]1n one respect,

t he presen nvent1 on escri bed conpositions,
[0091] It should be understood that this invention is not limited to the particular

methodology, protocols, and reagents, etc., described herein and as such may vary. The
terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to limit the scope of the present invention, which is defined solely by the claims.
[0092] Other than in the operating examples, or where otherwise indicated, all numbers
expressing quantities of ingredients or reaction conditions used herein should be understood
as modified in all instances by the term “about.” The term “about” when used to described
the present invention, in connection with percentages means +1%.

[0093] In one respect, the present invention relates to the herein described compositions,
methods, and respective component(s) thereof, as essential to the invention, yet open to the
inclusion of unspecified elements, essential or not (“comprising). In some embodiments,
other elements to be included in the description of the composition, method or respective
component thereof are limited to those that do not materially affect the basic and novel
characteristic(s) of the invention (“‘consisting essentially of””). This applies equally to steps
within a described method as well as compositions and components therein. In other
embodiments, the inventions, compositions, methods, and respective components thereof,
described herein are intended to be exclusive of any element not deemed an essential element
to the component, composition or method (‘“‘consisting of”).

[0094] All patents, patent applications, and publications identified are expressly
incorporated herein by reference for the purpose of describing and disclosing, for example,
the methodologies described in such publications that might be used in connection with the

present invention. These publications are provided solely for their disclosure prior to the
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met hods, and respective conponent(s) thereof, as essential to the

i nvention, yet open to the inclusion of unspecified elenents, essential or
not ("corpoi2eimgl474l n sone enbodi nents, other el enments POTHS20m00kasded i n

t he description of the conposition, nmethod or respective conponent thereof
are limted to those that do not materially affect the basic and novel

char actfdingsdatecqfahe pieséapplivadod.i Nothiricidrnsis $édand) stesisebd calstryedds' an. Thi s

appl i es equall¥ to steps within a described nethod as well as conppositions
and corfIBREHIShptBE HIVENtOrTArE RSN ERS Y HedRtSsuch Hisclosyis i b ofSifosi ti ons,
met hodsy,@fidn LB RRGGY oM RARP NEMNSehBRS 690 thIQSE dr PEH BRELEHR adohé Nt ended
to be exclusive of any elenent not deened an essential elenent to the
conponewhtentsafplose tbamats ivdhsrddn(the orfsinsttiongvaildb)e to[tDOSptlithhts pad dodss,

patent applications, and publications identified are expressly incorporated
Per oi n 18) P BEE ARG IR e 5RO UE G aabr PHFNG S S h DR
exanpl e, the nethodol ogi es described in such publications that m ght be
used in connection with the present invention. These publications are
provi dd80%X| el Y¥h¢ presert éiventdos glap bare degfitiedrin poy phreof thgfollowing numbered
2011/031474P%T/U82010/046616 filing date of the present application.
thhin&%%??ﬂfs regard shoul d be construed as an adm ssion that the
inventors arle notA efettidd feflréingntiemial B Subectinskdeo shii@Rymptikinge of pri or
invention or for any other reason. All statenents as to the date or

r epr es eWHRIBEHNE 8N eRhanpiag @ppuBhefsmesforarie ard ¢ dussshrnoyns oharcsRr Boret he

i nfor i i o the applicants and does not constitute any
adnisg?%kggg%¥%%%%%g%8%fectness of the dates or contents of these
docunents. [0095] The present invention may be as defined in any one of the
fol | owi ng nunber ed paragraphs. 1. Anethod for treating.a tunor in a
subj ect in rreed tHEMBY O%B’g&ﬂf?&f?ﬂbl’éﬁiﬁfﬁp HeTIARC 8% ABANH L ngogﬁﬂum of

met f or misp RHda reduced amount of one or nore chenotherapeutic agents.

2. The net hod of paragraph 1, wherein the enhancing anount of netformn is

250 ng/ day. 3. A conposition conprising an enhanci ng anount of
nmetform n, d a yeduced.anmount.of one.or .nore che tqgra eunic %%eqfs and
mettorm n, and a reduce

a phar maceut cal 14y CHPREPEYLFUNRi T 4y cnhancing amount o

amount of one or more chemotherapeutic agents and a pharmaceutically acceptable carrier.

4. The composition of paragraph 3, wherein the enhancing amount of metformin

is about 25 mg.

5. The composition of paragraph 3, wherein the enhancing amount of metformin

is about 75 mg.

6. The composition of paragraph 3, wherein the enhancing amount of metformin

is about 250 mg.

7. A kit comprising a vial of metformin, a vial of one or more chemotherapeutic

agents, instructions for the use of the metformin and the chemotherapeutic agent(s) together.

8. A method for preventing cancer or delaying the recurrence of cancer in a

subject comprising administering an effective amount of metformin to the subject.
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4. The conposition of paragraph 3, wherein the enhancing anmount of
nmetformn is about 25 ny. 5. The conposition of paragraph 3, wherein
t he enharmOnguizsowat of nmetformin is about 75 ny. PET/URR@ 00a66p©Si t i on
of paragraph 3, wherein the enhancing amount of nmetformn is about 250 ngy.
7. A kit conprising a vial of netformn, a vial of one or nore

chenot her apeut i ¢ Hganéthod bMsdriigiaph nghdrein thd@maoige odmetfbenines htaruei’f and t he
chenot her apeuti c agent (s) together. 8. A nethod for preventing cancer
or del d)#¥A8Yt he recurrence of cancer in a subject conprising adninistering
an effective anobunt of netformn to the subject. WO

2011/ 031474PCT/ US2010/ 046616 9. The net hod of paragraph 8, wherein the
anount [0096Gtet f herinventsorais duthe? Hllustpactd py thofddie]vitpeexiampdast whichisBofldmbher

:cL:.;J?];;baefq%ﬂ?beﬂé??ur];h%lrhi%vl\@il?gg exanpl es, which should not be construed as

EXAMPLES

Example 1

[0097] Here, it is shown that metformin selectively kills cancer stem cells in four
genetically different types of breast cancer. The combination of metformin and doxorubicin, a
well-defined chemotherapeutic drug, kills both cancer stem cells and non-stem cancer cells in
culture, and reduces tumor mass and prolongs remission much more effectively than either
drug alone in a xenograft mouse model. These observations constitute independent support
for the cancer stem cell hypothesis, and they provide a rationale for why the combination of
metformin and chemotherapeutic drugs might improve treatment of patients with breast (and
possibly other) cancers.

[0098] To examine the anti-cancer properties of metformin, we first utilized an inducible
transformation model consisting of non-transformed human mammary epithelial cells (MCF-
10A) containing ER-Src, a fusion of the v-Src oncoprotein with the ligand-binding domain of
estrogen receptor. When these cells are treated with tamoxifen, they become transformed
within 24-36 hours. The transformed cell population contains 10% cancer stem cells, as
defined by expression of the CD44 marker and the ability to form mammospheres,
multicellular “micro-tumors” that are generated in non-adherent and non-differentiating
conditions (18). In addition, we analyzed three other mammary adenocarcinoma cell lines
derived from genetically and phenotypically different tumors that are treated with different
drugs: ER-positive MCF7 (13); HER-positive SKBR3 (14); triple-negative MDA-MB-468
(15). These cell lines also contain a minority population of cancer stem cells capable of
mammosphere formation. In all experiments, metformin was used at a concentration that
does not affect the growth of non-transformed cells (0.1 or 0.3 mM; Fig. 1A). Previous
experiments on cancer cell lines (7-9) used much higher concentrations of metformin

(typically 10-30 mM), conditions that are also toxic for non-transformed cells.
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EXAMPLES Exanple 1 [0097]Here, it is shown that netformn selectively kills
cancer stemcells in four genetically different types of breast cancer. The
conbi nat iwo 20f1/a3et7ior m n and doxor ubi ci n, a wel | - def i neg¢Cthisawbleseapeut i c
drug, kills both cancer stemcells and non-stem cancer cells in culture,
and reduces tunor mass and prol ongs rem ssion much nore effectively than

ei t her [0094] al ongeiimdu@iieNTH-40A ikl endifodiain sttbhgBanbibied waiphohsgicdnsti t ut e

i ndependent support for the cancer stem ceII hypot hesi s, and they provide a
rat i ondf@SHEPatHy 2t HEN B RBIALON G snasref 67 i HOUR Y DR SFERREr A RBEHICE Ofr ugs

m ght i gTP LAY Gndifofrd i TidforafANIGhE ShSuriM dath I &8RSN #YsiRO §§>‘th Yn QbR&L)

cancers. [ 0098] To exam ne the anti-cancer properties of “netformn, we first
uti |l i zdatabrg assayscaddeen i wnsidhending/mvasiod etspoosesissyl ofgebds groom- 1t1rt1afnsf or nmed

human nmanmar thelial c MCF10A) inin R- Sr ¢, af on of the
ey TR e ok B EF meerp anpr SN e A Rk Bisud rarRR oy \Wnen
these GBHh&iAISE cblofk ¢l somt ﬁéhrta@ﬁ%hélﬁn@n @)mymﬁ%@]%l{@est(F%@B@rP%éﬂnbﬁ! n

al n

24-36 hours. The transforned cell” popul ati on con % cancer stem
cel I s, ragfatefi herimgyt @xprrewebpinrasfdetined mmmllrfaumlerﬁasan@cm@ellalmels icaysed@ f orm

manmospher es l.ticellular cro-tunp er, tedln
non acrupaite e e e BT SRRl hGE: RS R 1AE | On,

anal yz ezﬁbngdalﬁe@:eqif e demnak yna@dﬁ@s?ﬁareg amlﬁ%d prithf1@§ oqieﬁﬂc\éﬁgteﬁhr@m
genetically and phenotypically different tunors that are treated with

di fferdhd): éhlm&éter ErRepygleR puggedcint medprmipmmygdicenage stoRsrEs( 14) ;

triple Y, h@§ I contain a mnority
popul at[pgﬁﬁt gt anc 1%@?7%?&%? %fegg&gdgls kil Cﬁ%&&nﬁggegﬁéeerifeg formation. In all
experi r(€ﬂn4s1h1ghﬂtlf)mmw)1wwhﬁ1 amqnilzmbnaaf ﬁmmfenmﬁerdat/ICGnl(IMaIthﬁe% celbBt(Fasf.f ect the
growth of non-transformed cells (0.1 or 0.3 MM Fig. 1A). Previous

exper i meht Sy yaaeh alggqqr Cfuilcﬁégelk Hneg)wese é%r%%wﬁli iﬁ‘FféFe]é%WErérﬂuitatl ons of
met f or g, Qe gﬁb’lg't& ﬁlek%rrﬁﬁ’i FBeEM the GRALLHIONS Eélﬁ%o;ﬁﬂﬁm%'réﬁalh%és%ntfle@f
non-transfornmed cel WO 2011/ 031474PCT/ US2010/°046616 [0099]I'n t

i nduci bingffh4Ded GOA 3B)dé1urthamdrmrtmatm@t Dﬁh’g]lEflﬁ)Amametr etdnrmﬁlpn()ﬂhcrgq:t&atmn

transfornat]j i n.phase-con es of eILs

or esendar B! Bhuutiateths bifliRReromHsaS ity Goramegr mite: R Bop e ot
shown) ,driy wa§ ¥ reeAMoR tHem¥RH @ﬁeﬂ%féch&g(fﬁg Sﬁy)s ThaibAREBf ﬂn@tformm to

wound- hea ?llnva5|on response assay of cel grown in the presence or
absenceie]@f:tl 1 kivaprearfseaniellsavas/inm qoaisrta%t t<m doxarhlpgim) a clﬁq_m}berfamumt i on,
formation ies i oft a ngr.ation [es (Fig.
1B). argF‘ﬁto‘Latq‘oﬁs “WeY1Cr %n[ DSk e%erra%%‘%‘%é‘?“fe)ffsm mﬂ%@ (S om al | four
breast meameeds, ﬁ@tfbrrhlmrve@k@cawgadelawdh dﬁﬁirhblci’netd u€duice Bothmohhgerm varer cels
mammospheres within 48 hours églg 2) as a consequence of cell death. As
nanmDs FHHE CARCCH PEMcSSHD H5 B NHKE ariSIfoi peawaten dtigrddel | s (18), this latter
observ su 001.00]

St i AopEI - BPRSLE LR BT, R ity (ARG e BB Rt ol

( CD44h|®beﬁ]B£bdﬂ1 o obﬂer\mdmpan pepuleat ofommofs thacarset dOregs Mek-idjBdionrof MCF- 7

s (F when al| 11,1 ted,
cancer MEBWECEReSEr b i buledtiteoprien ] SUrt SHEERBH 1 cioresy 3 ¢ 5t andar d

cancer tﬁﬁ'dhgo«%ﬁ%lﬁétio%mlftﬁﬂﬁﬂ iR & Al | WhHORTRELBLir Slbfe catdd only a

Furthernore,” treatnent of MCF-10A cancer stemcells with netformn for just
1 hour Xfcdd Hemeashén tupidr ivolnnef andhestéormet hlsne basflgtleeffeaniFig. #A). nDdEombme even
t hough the drug was n resent. for the nth after t|o 0.
The. gt T MEEres BB ibeh pamyy R el raotifeRfcloy (iad 353

mar ked TRMhMARAI R cOsPREERInGh Mon@waf BIEnhiasad eibd GigRigie it e‘ff@@ﬁs s&‘én' ihancancer
cells, but not cancer stemcells. As expected fromtheir distinct

pr oper tinéepengant feporti (B), kot the wag arang diffgrenced sxovpgbimenial piptecetibkiwediot h
non-stem ca u%?r cells and cancer stemcells in the mxed transforned

popul at1on F ig. 3A). [00101] In accord with the above results in cell

l'i nes, [00H23Y N dytehainerRnbdyBt fboth theaddthtdeatidnh W intitforwasandhBe bx@etin Bon
treatment of tunors that arise 10 days after injection of MCF-10A-ER-Src
cel | s iTe'S cHaee rineedoxeribicin plpngay crminge erRontilatian el eqllsseqayeiey fpmyays) |
this dr cin

Al one. T o R e 2B S SRR P T s
little effect (Fig. 4A). Doxorubintreated m ce showed a further reduction
in tunor volume after an additional 10 days (day 35). The mininmal effect of
metformn alone was in contrast to nohe significant effects seen in an

i ndependent report (8), but there weré many differences in experinental
prot ocol between these studies.



[ 00102] To determ ne the basis for why the conbination of netform n and
doxorubicin is nore effective than doxorubicin alone, we exam ned the
popul at i omoah11osi478 recovered fromtunors after 3 cycl epCofUuscoienssseant (day
25). In accord with our results in cell lines, cancer WO
2011/ 031474PCT/ US2010/ 046616 stemcells were virtually absent from m ce
t r eat ectanh téllstwge drrugllgz@htﬂnn&bimmce\Maetre&a\athttheylm\ge:romba&sliohywhlﬁéae;ahe}d in
tunors frommce treated with doxorubicin alone (Fig, 4 %ﬂé Thus

n

t her apetIF E23lanFgtrctsddn Simers {1ogt miss tr%tqdw@tlz;%?ﬁ%%mafal%rﬁ %anlalvus the
chenot Qﬁ&%ﬁ’éﬁu'c%dbéﬂ?é%%%ftr&tfo&ﬁuﬁﬁ' thd Ldhtd:Q ok bdveRRGEEnShGRHRESY 1sSinkEPRLO3]
The cancer” stem cel ™ hypothesis for the progression of human di sease is
based afy abHEycbkrﬂlexaemma:Imd:a]ﬂrmr form ng properties and responses to

wel | -d rmthera of .can m cel | s.and.,.non em ca cer ceIIs A
o e ortDBIAT CTR BSR R pEeaReT ok Rt b i o Mg e R RS

sel ect 'tH@hﬁffekéhlﬁ'apduEno@Ei&%ﬁg %Fc%@?tfé@|ah§re§ﬁ%k§tofwaphémd%lﬁ8&6&'e :pB/Q)@l ly with
chenot herapeutic drugs to delay relapse. Strikingly, mce treated with the

conbi naape sigin erdls fapd npm-siendcadexaelbi diptedietinmi ofdbiis intpdeb Mierstifore ungastedt | east
60 days rt nt _was ded A pLrast unpr owt h
rosunvd 06" Sk UEF LR HaR BRER ool SeBeel o DolPu SR w3 R
rate ofchémwera@em chlugi toedeldyakRPSE VERiIngBITRAEEéRed With t}@tcoﬁhas@tféﬁd)fl n the
initial disease .e. in the absence of treat rrent& Thus, conbinatori al

t her apymetEaman mda%@n&l@ﬂﬁ@emn%mgﬁ@mwgufﬁgatﬂ@%ﬁ§ Heys, altghbreatmgaiedasmy even
repres r £ Of I pto their
pot ent fegfi ‘?}gﬁ? LST) sl?gﬁll?[ S%g%gglgé@%ehs%%}ﬁég%@gﬁsg%f ﬁl}cgv‘?e ggﬁg%%gggndent and
f ur t herdosuppirii alooe, antl ehccratecdrtumbegiooeh hftehyplapstwsasa:orr[p@ﬂabﬂlﬂ@ tHa our

know edge, the %bl lity of metformn to selectively kill cancer stemcells

and to mf?@ %yﬁté%lgﬁlwec(amlytw RS HGRIRGNR - tIduey QEPIRRIA EREHRT st em
celI's apd arlﬂé}n%ceéﬁécféﬁ‘ lfo%{gf?r% eflidstor, §n&'ﬂ1‘d@é€ﬁma§ E'Vénh% ©8S 2 Rl VRS E
cancer, herceptin and en are useful drugs for c%ncer types that,

res pectxeueglyft gmpm@ésumh]e HERRK i aordtoghtir pgential exaiptab pignifisancesdwee f or ns of
breast cancer |ack.these receptors resist t e treat nent For all of
Cheoe (9 BRSBTS AoBRT e Rt os BE ovangr SR ST PElDer ot em
cel | groutgy] amd ciERESRVIESed, tHealbWith Of fémeihiano SMBANE1ySKill Gahdey stvhd dolls

chenot her apeutic drugs. In addition, as netformn inhibited transformation
of MCFEOALERNGHEn &mergstlcgu;gg\é@td%gmbm tq bloml@,oth Iq@ncabstbintqstlls andravEnm t he
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anchor £9EWinGE RHesE op Feslyeingitemoy mays andjprpiongipg Fegmissien wmﬁﬁiﬁrrvce and it
adenocarci noma cells that overexpress the HER2/ neu receptor, have

anchor age-i ndependent properties, and formtunors in xenografts (14).

VDA- MB- 468 cells are derived froma triple negative breast carcinona that
shows many of the recurrent basal-like nol ecul ar abnormalities including
ER- PR- HER2- negat i ve status, p53 defi c:%?ncy EGFR over expression, PTEN | oss
and constitutive activation of the MEK/ERK pat hway (15). MDA-MB-468 cells
are very aggressive and formlarge tunors in xenograft experinents that
resist treatnent with tanmoxifen or herceptin. Cell culture



[ 00106] MCF-7, SKBR3, and NMDA- MB-486 cells were grown in DVEM nedi a
(I'nvitrogen), 10% fetal bovine serum (Atlanta Biol ogi cal s), and

peni ci | | iwOgbrigptomycin (I nvitrogen) at 37C with 5% CO2 PCVITRLQMN0ERIST C
cells were cultured as described previously (16) and induced to transform
with 11 _IMA40Htanoxifen (TAM dissolved (Sigm) in EtOH Morphol ogical
changesroyibientt ypionale fansdnasiniag intesfoamch 0k chdmsthatppis oM Eestetheddfod6 h
after TAM addi tion, and were nonitored by phase-contrast m croscopy.
Met f or rATFRSE i YRECABFESol ved in water was typically added to 0.1 mM unl ess
ot herw se indicated. W) 2011/031474PCT/ US2010/ 046616 Wund heal i ng
notility assay [00107] Cells were seeded onto six-well dishes at

1x105/ vdethodsof ihedineestiorat ch wound was created using a plO nmicropipette tip
into cgg“,uent cells. Cells were washed three tines with PBS to renove
cell d Ssuppl enented with assay medium and nonitored. |nages were
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(17) . NecopospMCET édlsmad mamnvag adimtmdmbmamleﬂmhlageﬁplms stgrhigidlevelslthe

popul ations in the presence of zence of metform n under thesg condi tions,
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mmi@?@ﬁ&éeﬂ@@) QR é@lsfa&em%mﬁ?; ad¥ho PROHBIR Iagl'iset‘ﬁat?o\% Bﬁsgabés af ter

treat I sol ati on and anal ysis of cancer stemcells 00110] Fl ow
cyt onetHER2/oek fecgmpt, hage afchbrageasidepersdntpioberpop tahdtforanmnwasinp@nbgmfted on

i ngl | I Cel,! d th CD44 anti bgd
CF1 e oy RYSREREE8a e s ik EHEUE Feuafl R <psBtbrar ity
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and t hexedagiaftleRperaf@iné that@Bist thfdtment with tamoxifen or herceptin.

Cell culture

[00106] MCF-7, SKBR3, and MDA-MB-486 cells were grown in DMEM media
(Invitrogen), 10% fetal bovine serum (Atlanta Biologicals), and penicillin/streptomycin
(Invitrogen) at 37°C with 5% CO,. MCF10A ER-Src cells were cultured as described
previously (16) and induced to transform with 1 uM 4OH-tamoxifen (TAM) dissolved
(Sigma) in EtOH. Morphological changes, phenotypic transformation and foci formation
occurred 24-36 h after TAM addition, and were monitored by phase-contrast microscopy.
Metformin (Sigma) dissolved in water was typically added to 0.1 mM unless otherwise

indicated.
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WO 2011/ 031474PCT/ US2010/ 046616 Tumor growth and rel apse in xenografts
[00111] 5x106 MCF10A ER-Src cells were injected into the right flank of 16
femal e nworonvise47¢ Charl es Ri ver Laboratories), all of whirais2adewedsoped
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every SWwdaud hedlinyalotiti)y aishyn 4 nmg/ kg doxorubicin, 100 tg/ml netfornin, or
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of colonies was counted after 15 days.

Mammosphere culture

[00109] Mammospheres were cultured in suspension (1000 cells/ml) in serum-free
DMEM/F12 media, supplemented with B27 (1:50, Invitrogen), 0.4% BSA, 20 ng/ml EGF
(Preprotech) and 4 png/ml insulin (Sigma) as described previously (17). Mammosphere
formation was tested by placing transformed cell populations in the presence of absence of
metformin under these conditions, whereas mammosphere growth was examined by adding
metformin to 6-day old mammospheres and counting the number of mammospheres 2 and 4

days after treatment.

Isolation and analysis of cancer stem cells

[00110] Flow cytometric cell sorting of transformed cell populations was performed on
single cell suspensions. Cells were stained with CD44 antibody (FITC-conjugated) (555478,
BD Biosciences) and with CD24 antibody (PE-conjugated) (555428, BD Biosciences).
Cancer stem cells (CD44high/CD24low) and no-stem transformed cells
(CD44low/CD24high) from MCF10A ER-Src (TAM-treated) and MCF7, SKBR3 and MDA-
MD-486 cells were treated with 0.1 mM metformin and cell growth was assessed in different
time points (12, 24, 48h). The experiments were performed in triplicate, and the data

represent mean + SD.
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6. The conposition of claim3, wherein the enhancing anmount of netformn is
about 250 ng. 7. A kit conprising a vial of netformn, a vial of one or
nore chermwoheriapewtti c agents, instructions for the use eCTiuseowwideos M n and
t he chenot herapeutic agent(s) together. 8. A nethod for preventing cancer
or delaying the recurrence of cancer in a subject conprising adm nistering
an effective anount of netformn to the subject. 9. The nethod of claim S8,

wherein_the amgunt of netformn is about 75 ny/day.
What is claimed:

1. A method for treating a tumor in a subject in need thereof comprising administering
an enhancing amount of metformin and a reduced amount of one or more
chemotherapeutic agents.

2. The method of claim 1, wherein the enhancing amount of metformin is 250 mg/day.

3. A composition comprising an enhancing amount of metformin, and a reduced amount

of one or more chemotherapeutic agents and a pharmaceutically acceptable carrier.

4. The composition of claim 3, wherein the enhancing amount of metformin is about 25

mg.

5. The composition of claim 3, wherein the enhancing amount of metformin is about 75

mg.

6. The composition of claim 3, wherein the enhancing amount of metformin is about 250

mg.

7. A kit comprising a vial of metformin, a vial of one or more chemotherapeutic agents,

instructions for the use of the metformin and the chemotherapeutic agent(s) together.

8. A method for preventing cancer or delaying the recurrence of cancer in a subject

comprising administering an effective amount of metformin to the subject.

9. The method of claim 8, wherein the amount of metformin is about 75 mg/day.
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