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TECHNI CAL FI ELD The present invention generally relates to cancer
treatnment, and in particular to the use of polyner-based anti-cancer
agents in such cancer treatnment. BACKGROUND Cancer is a class of diseases
charact er i MYz ont rol | ed division of cells and t REVEAEANTHPIDE t hese
cells to spread, either by direct grolth into adjacent tissue through
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as active agents for the preparation of a nedicinal product for treating
colon and/or rectum cancers. ABAXIMRROMNEUCh a | axative is PLURONI C(r)
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Today, cancer is a leading cause of death in humans and the number of
affected individuals increases for each year. Although the different methods
of treatment for cancer, e.g. chemotherapy, endocrine therapy, radictherapy
and surgery, have improved tremendously the last decades, they are far from
perfect in terms of outcome for different cancer types. In addition, several of
the known cancer treatments are marred by disadvantages in high treatment
costs, side effects and patient suffering and relative inefficiency. For these
reasons, extensive research is conducted to find alternative or

complementary forms of cancer treatment.

Document [1] discloses the use of non-fermented osmotic laxative as active
agents for the preparation of a medicinal product for treating colon and/or
rectum cancers. An example of such a laxative is PLURONIC® F68 available
from BASF Corporation. These compounds have laxative and gelling
'properties. The compounds attract and retain water inside the colon due to
‘their physical-chemical properties, and are able to increase fecal excretion
without fibers. It is believed that the laxative, non-fermented, osmotic and
water-retaining properties of the compounds have a protective effect in

relation to the two specific cancer types, colon and rectum cancer.




relation to the two specific cancer types, colon and rectum cancer. WO
2007/ 123468 PCT/ SE2007/ 000392 2 Docunent [2] discusses the ability of
circulating tunor cells to develop into netastasis, where this ability is
based on an inherent physiochem cal adherence to the endothelium and the
formati on ¥OWOFIB48clot. It is described that subst aREESEINTYPIRring with
t he coagul ation process could be wused in the prevention of tunor
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copolyners are effective .chepmmtherapeutic agents against a diversity of
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conpri se one hydrophobi c pol yner cgm cted to at least two
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or two, i'C side aln and having a second end connected to at
| east arrangements.

It is a general object of the present invention to provide a polymer-based

medicament that can be used for cancer treatment or prevention.

| It is another object of the invention to provide polymer-based medicament

that reduces the proliferation rate of cancer cells.

These and other objects are met by the invention as defined by the

accompanying patent claims.

Brieﬂjr, the present invention involves usage of the unexpected anti-cancer
effect of amphiphilic block copolymers. These copolymers are effective -
chemotherapeutic agents against a diversity of cancer types and have a

proliferation rate reducing effect in the cancer cells.

| The amphiphilic block copolymers of the present invention preferably
comprise one hydrophobic polymer chain connected to at least two
hydrophilic side chains. The hydrophobic polymer chain is preferably a
central chain having a first end connected to at least one, preferably one or
two, hydrophilic side chain and having a second end connected to at least

one, preferably one or two, hydrophilic side chain.




one, preferably one or two, hydrophilic side chain. WO 2007/ 123468

PCT/ SE2007/ 000392 3 Preferred anphi philic bl ock copol yners are those
having the structure (1): HO (CH2CH20 n- ( CH2CHCH30O m ( CH2CH20) p-H (1)
Thus, copolynmers with a central polymer chain of propyl ene oxide flanked by
si de chai nY0FM7E2H¢$ ene oxide are preferred. In additi BRI/SER0§7042f er abl y
equal to p. Such copol ymers are availabl e under the trade nanme PLURONI C(r)
by BASF- Corporation. Preferred such PLURONIC(r) copolyners of the
invention are those that have an average ethyl ene oxide content of at

| east 40 pl - Waand pRiSHhiBE Aok 8BpolguRIradee ¢hbyd Rasingxildesicaatast()l over

bel ow 80 % w w. The average propylene oxide content of the anphiphilic

bl ock copolyner is preferably at least 2 000 g/nol, nore preferably at

| east 3 000 g/ nol, suc - Lic B e offma preferred
copol ynmer i s PLURONI C(:%@ﬁ(l:gg hggﬁflrggﬁggil%/}gé@a%e( rr%ilmec%?%i gfgt) of 12 600
g/ nmol, an average ethylene oxide content of 73.21.7 % and a nelting point
of 56 C Jhe in | Sl ' tosds nmers
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bl ocki ng BA®BF Giongbmgicdl. different growh factors to their respective

receptors on the nenbrane. The pharmaceutical conposition of the invention
preferably conprises a single anphiphilic block copolyner of the invention

or a m XtpyeRrdd Stich FAURONIO® $46B1 | yiMRicsiraritiot, and ehefeetimithieaapeut i ¢
~agents. WD 2007/123468 PCT/ SE2007/000392 4 S SCRI PTI O}J Of) THE
DRAW NGSan average ethylene oxide content of at least 40 % w/w and preterably an

average ethylene oxide content lower below 80 % w/w. The average
propylene oxide content of the amphiphilic block copolymer is preferably at
 least 2 000 g/mol, more preferably at least 3 000 g/mol, such as about 4
000+500 g/mol. An example of a preferred copolymer is PLURONIC® F127
having an average molecule weight of 12 600 g/mol, an average ethylene

oxide content of 73.2+1.7 % and a melting point of 56 °C.

The inventors have surprisingly discovered that these copolymers have anti-
cancer effect in terms of reducing or inhibiting the cell proliferation or
growth rate of cancer cells and the reducing the DNA synthesis of cancer
celis. This surprising effect may at least partly be due to the effect of the
copolymers in binding to cell membranes and blocking the binding of

different growth. factors to their respective receptors on the membrane.

The pharmaceutical composition of the invention preferably comprises a
single amphiphilic block copolymer of the invention or a mixture of at least

two such copolymers as the sole chemotherapeutic agents.




The invention together with further objects and advant ages thereof, may
best be understood by making reference to the follow ng description taken
together with the acconpanying drawings, in which: Fig. 1 is a diagram
illustrating the effects of PLURONIC(r) F127 on the growh rate of human
breast cand¥®2W&I33448i ne MCF-7; Fig. 2 is a diagramil| BSTHEIDHYIPRe ef fects

of PLURONIC(r) F127 on the growmth rate of hunman breast cancer cell line
SK-BR-3; Fig. 3 is a diagram.illustrating the_ef LURONI C(r) F127
on the growth rateS&O QEWM@%%T@EC]&%@%% nuscl e cells;

"Fig. 41is diagramj |l ustrat.i he ef.fects he
growt h rrgﬁ‘élrb‘feg]ﬁ’r?ﬁ Jf%ﬁ%‘?re t&%ﬁ@ﬁg}'?ﬁﬁlaﬁ(’g{a}d{at gortﬁl(1 %%ggo]%t; %%Ecl e
cell's; Fige Gniéiérstost agy amelklihgistefatcinng o corpdoilcvmepfdesetiptinaditaken
cytotoxicity of ,Phu I%r F127 and Triton é}ilIQ-O; Fig. 6 is a diagram
i | | ust r at faggthed ghyaeaqc H{%W%g R BES: HyYefféct of different
anphi philic bl ock copolyners on FCS-stinul ated human vascul ar snooth
muscle cells; Fig. 7 is a diagramillystrati I ti bet n
growt h r aFig. ilnisi didiagram Jlusiraiientles eices of @3@5&#@%@? ?%3?15&1‘% ¢ nuscl e
cel |5 and:4ibse{fesh pflastRuBeNb fihe KGR bl ocking fibroblast grouth

|

factor bi'nding to receptors on the snmooth nuscle cells; Fig. 8 is a
diagramthe effect of PLURONIC(r) F127 in blocking platelet derived growh

factor binding.to & : i el ebh She wth
20071 123458 o Sb0HE R S O RO e e ot g cel
density i pata dfibhinesn firemst asiichr cOBling SiK-BRadcer cells inplanted in nice
with or without treatment with PLURONI C(r) P105; Fig. 10 is a diagram
illustrating cell density in a hollow fiber with H69 cancer cells

i npl ant edFig) Fica dibgraneilinstridng the eftosnef MYRONIORGIZY pp theegowth
rate of FCS-stimulated human vascular smooth muscle cells;

Fig. 4 is a diagram illustrating the effects of PLURONIC® F127 on the growth

rate of unstimulated and FCS-stimulated rat aortic smooth muscle cells;

Fig. 5 is a diagram illustrating a comparison of cell mediated cytotoxicity of
PLURONIC® F127 and Triton X-100;

Fig. 6 is a diagram illustrating relative cell growth inhibiting effect of different

| amphiphilic block copolymers on FCS-stimulated human vascular smooth

muscle cells;

| Fig. 7 is a diagram illustrating the correlation between growth rate inhibition
of PLURONIC® F127 on stimulated rat aortic muscle cells and the effect of
PLURONIC® F127 in blocking fibroblast growth factor binding to receptors on

~the smooth muscle cells;

Fig. 8 is a diagram the effect of PLURONIC® F127 in blocking platelet derived

growth factor binding to receptors on rat aortic smooth muscle (;ells;



Fig. 11 is a diagramillustrating survival index of U937/gtb cancer cells
exposed to different anphiphilic block copolyners; Figs. 12A to 120 are
diagranms illustrating survival index of W937/gtb cancer cells exposed to
di fferent anphiphilic block copolyners; and Figs. 13A to 13C are di agrans
iIIustratngP?H£V%W§I i ndex of different cancer cell PFHEE0%¥96¥2d to
PLURONI C(r) P84, F127 or L121. DETAI LED DESCRI PTI ON The present invention
general ly_relates (.o cancer treatnment ,and in pagtjcular 1o.t of
anphi phi 158 lE3’| Sck ‘%%%T&F‘@ PEUAERS;| 'ﬁ?ﬁ‘%“&ﬁd%g‘a c‘i%?%" i ﬁ%ﬁ”g\?\%ﬁb and
prol i f er ajdreer roelle iafplaatciein asickswkheonetithritantatmant evitlc FHMRONECDf t he
present invention are anphiphilic block copolyners of hydrophobic and
hydrophil?%@?nnoners. The bl ock copol yners therefore conprise at |east one
~water-soluble (hydrophilic) part and at |east one | ess water-soluble or

even wat er-insol ubl e (hydr.ophobic rt. I.n present re red bl ock
c \(; pol yne r%igl a0de l;f‘ﬂt qligg§ ﬁ%d}lﬁgﬁéﬁbg)‘@ﬁgf?Wﬁ‘g ms‘g PP@GWd}é%erEVlt&teﬁﬁg o
hydr ophi 'ée@ls%%gﬁaﬁﬂ%aiiﬂ%ni&%ﬂa%%%&&ﬁ Featrhent RAPIAIRONICOPROB] C chain

has a - first chain end connected to at |east one, preferably one or two,
hydrophilic side chains and has a second chain end connected to at | east

one, prefegrably . V3 I . G5d1d I SE cpnd
(111) bol S8 210 oot a\'ﬁﬂiﬂlﬁ%&ga?g‘?eE{éﬁ%ﬁélprﬁfé‘%%g‘}if’gduggﬁ%%hiéﬂ%ﬂ )t§| ock
copol ynerexpowil 26 differesu et PiphiSEA00od cogdgmers X-Y-Z (11) T- Z2 (I11)
where X, X1, X2 and Z, Z1, Z2 represent a respective hydrophilic side chain
and Y represents a hydrophobic central chain. In a preferred inplenentation
X=Z, and KigsXP2AZb=120 aird dimgranps dhestediing Xrvi@dZbdgR . of (VP fatbfemced
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Figs. 13A to 13C are diagrams illustrating survival index of different cancer
cell lines exposed to PLURONIC® P84, F127 or L121.

DETAILED DESCRIPTION

The present invention generally relates to cancer treatment and in particular
to the use of amphiphilic block copolymers for inhibiting and reducing the

growth and proliferation rate of cancer cells

The é.ctive anti-cancer compounds of the present invention are amphiphilic
 block copolymers of hydrophobic and hydrophilic monomers. The block
copolymers therefore comprise at least one water-soluble (hydrophilic) part
and at least one less water-soluble or even water-insoluble (hydrophobic)
part. In presently preferred block copolymers, a central hydrophobic chain is
surrounded by at least two hydrophilic side chains. More preferably, the
central hydrophobic chain has a first chain end connected to at least one,
preferably one or two, hydrophilic side chains and has a second chain end
connected to at least one, preferably one or two, hydrophilic side chains.

Formula (II) and (III) below schematically illustrate such preferred

amphiphilic block copolymers:




i nventions are bl ock copol yners of ethylene oxide and propyl ene oxi de.
Several different such copolyner are avail able today fromdifferent

manuf actures, including the polynmers PLURONI C(r) and TETRONI C(r) from BASF
Corporation. Briefly, PLURONIC(r) is a copolymer of ethyl ene oxide (EO and
propyl ene "E&F‘lﬂ@“@ﬁ%) having the general structure (1| FFI/SEBOHOINO m (EO) p
(1V)  or the nore detailed structure f1):

HO ( CH2CH2O) n- ( CH2CHCHs O) m ( CH2CH2O) p- ) In preferred enbodi nent n=p.
" Table | below lists several PLURON C(r%:k('%ol yrrers(,ﬁ]avai | abl e from BASF and
that can be used according to the present invention. W 2007/ 123468

PCT/ SE2007/ 000392 7 Table I - PLURQNI C(c)_copol yners Nane Average

mol ecul ar Vi scosity (cps) Sol ubility N Mel tII oint weight (g/nol) at
25 C (% (O L31 1 100 175* >10 - I,QE/Y 375410~ 143 1 850 310* >10 -
L44 2200 440* >10 - L61 2 000 325* insolubl’e L62 2 500 450* >10 - L64 2
900 850* >10 - L81 2 750 475* insoluble - L92 3 650 700* > 1 - L101 3 800

* 7 . _ * -
800 i nsoIW tlar% X, %1‘,2 }(24511{'(9 %, 121?%)2 re&ar}gs?f!n%bla Ef«aspeci:’we hydrophilic side chain

X=Z, and Xi1=Xg, Z1=Z3 and more preferably Xi1=Xa=Z1=71.

In a preferred embodiment, the amphiphilic block copolymers of the present
inventions are block copolymers of ethylene oxide and propylene oxide.
Several different such copolymer are available today from different
manufactures, including the polymers PLURONIC® and TETRONIC?® from
BASF Corporation.

Briefly, PLURONIC® is a copolymer of ethylene oxide (EO) and propylene
oxide (PO) having the general structure (II):

(EO)n-(PO)n-(EO)p (Iv)
or the more detailed structure (1):
HO—(CHzCHzO)n-(CHzCHCHao)m-(CHQCHQO)pr (M |
In a preferred embodiment n=p.

Table I below lists several PLURONIC® polymers available from BASF and

- that can be used according to the present invention.



P65 3 400 180** > TO - P84 4200 280** >10 - P85 4 600 310** >10 - P103 4
950 285** >10 - P104 5 900 390'* >10 - P105 6 500 750* >10 - P123 5 750
350" * 310 - - -mmeemmmeeaoo oo

480m >10 48 F87 7 700 700*"* >10 49 7F88 11 400 2 300**' >10 54 F98 1 300

2 700*'* >10 58 F108 14 6Q0 0 pyy 2 600 3 100'** >10 56

* Viscosity [Brookfield] a Eg‘ﬂBC %F‘y&)(i&f% f‘ﬁ? (%éﬁrél d at_60 C_\Viscosity
art, the a ; PeRC ‘desi gnatlo of ) p ’ I

t he physi cal fornwctghtl(@hpol)duct at 25 C, vvherea'tl25 Péf¥@sent s [CYuid, "P"

00 1 he t wo

in a th}e -digit produc ame nultipli'ed”by 300 indicates the
appr oxi mat 380l ecul ad 9 ght of the By@tophobe cent¥HP pol ypropyl ene oxi de

chain. The_ | ast digi en nul tipli by 10, indic the approxi mate
et hyl ene ok¥de cont ehtsﬁ? % of thegggl ymer. This 3(Eyl en oxi de cont ent
can be calcgyated frogmmyuati on (1): 440" >10 -

161 2 000 325" -insoluble -

L62 2 500 450" >10 -

L64 2 900 850* >10 -

L81 2750 475" insoluble -

Lo2 3 650 700" >1 -

1101 3 800 800" insoluble -

L121 4400 1 200* insoluble -

P65 3400 T 180~ T TTTTs1o0 T T -

P84 4 200 280™ >10 -

P85 4 600 310" >10 -

Pi03 4 950 285* >10 -

P104 5900 390™ >10 -

P105 6 500 750" >10 -

P123 5750 350 >10 -

BT 4700 T TTee0™ T 5100 48

Fe8 8 400 1 000™ >10 52

F77 6 600 480™ >10 48

F87 7 700 700™ >10 49

F88 - 11400 2 300" >10 54

Fo8 1 300 2 700™ >10 58

F108 14600 2 800™* >10 57

F127 12 600 3 100™ >10 56

*Viscosity [Brookfield] at 25 °C
™ Viscosity [Brookfield] at 60 °C
** Viscosity [Brookfield] at 77 °C




44(n + p) 1 EO=44(n+p)+58m () where in, n and p are defined as in
structure (I). If the hydrophobic or lipid soluble part (PO is reduced too
much, i.e. inis a small integer nunber, the growth inhibitory effect is
mar kedly reduced. As a consequence, preferred PLURONI C(r) copol yners of
the presenWO2407%43346Hn are therefore those that have aPRYREBHIEOHPE part
that is at |east about 2 000 g/nol, ¥.e. those PLURONIC(r) pol yners of

Table | that, have a three-digi roduct .n or ere for gLt In
the produtf Faf@oPd Ilﬂrﬁ'lﬁ alrﬁah"% P%nglf’ﬁl?g;ﬁﬁl%lﬁ%{@ﬁLﬁgﬁsﬁ(ﬂrjﬁﬁ%ggggﬂ%er s
having a Fﬁ(ﬁtﬂﬁ:thﬂﬂih@piéﬂdtés ehBtEifsicdl ferm @NitRpprakicteite2dly véneredir de
content of about 83 % or,.nore, have al so bge‘ ,Shown tq have %he Ifr st

ef fect i vereRfeseRisniaid  FecteRIFSTHS Pasfedd ¢ pol'le?ﬁ%‘?e&sﬁ%’sde Todo sﬁers
have an 8gast 4} bAShe o ﬁrs@fdi%ﬂg AT D e -diganBrdductaime lmultiplidie by

et hyl ene oxi de content of the block copolyner, js top lowin relation.to
the’ pr opy PEReingiFaies dbAtanRroximate syiegHer W@%‘i%gé taﬁtlgfdré’@mgfé:e 2yen
wat er i nsgbg}?rsgyéﬂe Mo Tha®RPPhY NBES diEY, PReh qam;gwédj lbyCl 6 nirtBEAtEsas
non- wate sed sol vent then has to be used. WD 2007/ 123468

PCT/ SE200 theeepogxingte athiengordde jcontrith(im *hohthe popmmes rhis GtRYErs are
too | ow, Hgﬂ A2, 1833 ted-fbm k&atibf41y@and L63, i.e. a short
relative ay ro%ﬁ%%ll:}%c%‘ll?ck copo‘?ymern,1 &%e po?y)mar beconmes toxic for both
cancerous and non- cancerous cells. As a consequence, |ower. pharnmaceuti cal
concentrations nust be used for suc ynmers. Currently preferred
exanpl es of PLURONI C(r) copol yEQr%—'%Z?, P84, P105, P123, £87 and
L121 and in particular F127. Experf“"@ﬁt@ﬁ%(}’e been conducted i n which one
of the hydrophilic side chains of a PLURONIC(r) copolyner is renoved. In
such a case, the inhibitory

where m, n and p are defined as in structure (J).

“If the hydrophobic or lipid soluble part (PO) is reduced too much, i.c. m is a
‘small integer number, the growth inhibitory effect is markedly reduced. As a
consequence, preferred PLURONIC® copolymers of the present invention are
therefore those that have a hydrophobic part that is at least about 2 000
g/mol, ie. those PLURONIC® polymers of Table I that have a three-digit

product name or where the first digit in the product name is larger than six.

In addition, PLURONIC® copolymers having a large hydrophilic content, i.e.
an approximate ethylene 6Xide content of about 80 % or more, have also
been shown to have the least effective anti-cancer effect of the tested
copolymers. These copolymers have an 8 as the last digit of the product

name in Table I.

If the ethylene oxide content of the block copolymer is too low in relation to
the propylene oxide content, the copolymer is less water soluble or even
water insoluble. Such block copolymers may be less useful clinically as non-

water based solvent then has to be used.



effect is markedly reduced or even lost. As a consequence, preferred
anphi philic copolyners of the present invention conprises at |east two
hydrophilic (polyethylene oxide) chains connected to a hydrophobic

(pol ypropyl ene oxide) chain. O her related copol yners that can be used
accor di ng Y8 {82 ¥ ention are TETRO\II C(r) polyners aPGHSEN¥0%8te from
BASF Corporation. These copolyners can be represented by the foll ow ng

structure 2) " CHZCHO CH2CH20O) y

YN %ﬁ;ﬁjﬁ”ﬁ%@@ ok, sirbfie s, 00B%, SR, AS ST,
CH2CH2 Laabdmd 16 el ava | siatrs mtamrephyﬁﬁr hadsic dhlock

a\(/al |-abl e Tﬂ;ﬁﬁg\% Ceth% ﬁ@ 2007/ 12346 %l_ E2007/ 000%92 gloo%abl e |

- TETRONI &%Y”"¢6pol yrrerﬁlnll%zﬁ1 VEragR ®c sCOSFEP T P&y SBPHpi ity

in HO Metinqeoons cellsi gqm = giomeQ;u&hce?ﬂo@re(r%héﬁhacé‘ﬁécél GoAcADMPALizAd 701

3 600 600* |n O| Ul%@gf f}_’ﬁ 4 700 700" insoluble - 904 6 700 320" >10 - 908

25 000 32BWst P €ES-100""" >10 51 1301 6 800 1 000*
‘insoluble - 1307 18 000 2 700" >10 54 * Viscosity [Brookfield] at 25 C

Vi scosi t Br ookf i el d t 60 cosit rookfield], at 77_C
| scosi yC[Jrren% f)refellreg exam;gies of LUROKII(%d§ copofymers include F127, P84,

P105, P123, F87 and L121 and in particular F127.

Experiments have been conducted in which one of the hydrophilic side
chains of a PLURONIC® copolymer is removed. In such a case, the inhibitory
effect is markedly reduced or even lost. As a consequence, preferred
amphiphilic copolymers of the present invention comprises at least two
hydrophilic (polyethylene oxide] chains connected to a hydrophobic
(polypropylene oxide) chain.

 Other related copolymers that can be used according to the invention are
TETRONIC® polymers also available from BASF Corporation. These
copolymers can be represented by the following structure (V):

CH, CHy (V)
H— (OCHZCHz)y,,— (OHCH,C),, (CHCHO)— (CHCHL0)y —H
N CHy-CHy~—N
H — (OCH,CHy) y,—.,—' (OH?Hzc)xm : {CHzcl:HO)x'--(CHZCHZO)y' —H
CHs CHg

Table II below lists some properties of available TETRONIC® polymers.




O these TETRONI C(r) copol yners, TETRONIC(r) 1307 is a currently preferred
anphi philic copolyner according to the present invention. The 1307

copol ymer has efficient anti-cancer effect, while being water sol uble and
relatively non-toxic to non-proliferating cells. Al so other anphipathic
(anphi phi | %9 2087/88#k8copol yners can be used accordi ng PETBRETMIPRL i on. For
exanpl e, a copol ymer having a centrall® pol ystyrene chain connected to
respecti ve side chai ns of 5 owh inhibitory effect.
Thus, ‘the _present |nvent|oﬁ%g sghghgg -2@ &mpggﬁggga phi -hlllc block
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* Viscosity [Brookfield] at 25 °C
* Viscosity [Brookfield] at 60 °C
** Viscosity [Brookfield] at 77 °C

Of these TETRONIC® copolymers, TETRONIC® 1307 is a currently preferred
amphiphilic copolymer according to the present invention. The 1307
copolymer has efficient anti-cancer effect, while being water soluble and

relatively non-toxic to non-proliferating cells.

Also other amphipathic (amphiphilic) block copolymers can be used
according to the invention. For example, a copolymer having a ceniral
polystyrene chain connected to respective side chains of polyethylene oxide
has growth inhibitory effect. Thus, the present invention also encompassed
other amphiphilic block copolymer besides those comprising a polyethylene

oxide chain and multiple polyethylene oxide side chains.

BASF Corporation also has other related amphiphilic block copolymers that
are related to the PLURONIC® and TETRONIC® copolymers. PLURONIC® R is
a copolymer in which the ethylene oxide and the propylene oxide have be
changed places as compared to PLURONICS®. In other words, the polymer has
the following general structure:




oxi de of TETRONIC(r) have changed pl aces are denoted TETRONIC(r) R
polynmers. Table IV lists such polyners avail abl e from BASF Cor porati on.
Table IV - TETRONIC(r) R copolymers Name Average nol ecul ar Viscosity (cps)
Solubility_ in HO Mt point weight (g/nol) at 25 C ( C) 150R1 8 000 1
840* i nsol WARY124HRr4 6 900 3 870" >10 Viscosity [Br oﬁ?’é@mm?}?’v 25 C It
is to be noted that when nol ecul ar mé?ght of the copolymers is stated in
o “uel | known 1 TP BATECR O IR RSB ID SIS R e
particular copolyner not all polyner nolecules will have identical polyner
| ength a Lar h Thus I ven nol ecul ar wei ght is an average
val ue angjga?]%quglfsﬁs%aaggb?ﬁ C}% e I%n}?gﬁd this average val ue. The sane

di scussion of distribution around an average value applies to the
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- " Viscosity [Brookfield] at 25 °C
Correspondingly, copolymers in which the ethylene oxide and the propylene
oxide of TETRONIC® have changed pIaces are denoted TETRONIC® R

polymers. Table IV lists such polymers available from BASF Corporation.

Table IV - TETRONIC® R copolymers

~Name Average molecular Viscosity {cps) Solubility in H2O Melt point

weight {g/mol) at 25 °C (%) (°C)
150R1 8 000 1 840° insoluble e
90R4 6 900 3870 >10 -

. . ___________ _____________________ ______________________]

* Viscosity [Brookfield] at 25 °C

It is to be noted that when molecular weight of the copolymers is stated in
this document, there is meant the average theoretical molecular weight. As is
well known to the person skilled in the art, in a given batch of a particular
copolymer not all polymer molecules will have identical polymer length and
molecular weight. Thus, a given molecular weight is an average value and
there is a distribution around this average value. The same discussion of

distribution around an average value applies to the hyd:ophilicity of the




reduce the high proliferation dowm to the normal growth rate but not
further. As a consequence, non-cancerous cells will not be affected since
they already proliferate at the low normal growh rate. Once the growth
rate of the cancer cells has been dimnished, the inmune system of the
(human) paMEW7Ré%8 nore effectively handl e and conbat PEHEE2007448382 cel Is to
elimnate the cancer. The copol ymers 8f the present invention may al so have

affect in g,%%' t Cj e at _whi ch nut at.i on
arises in CIB Eg canljégé3 g'cg%lég%prgﬁ%ﬁsb?ﬁ%gi %g&]aégeefpgfee?r}gl %’/mﬂ%}p(gorl}tgﬁfl’ Ogiﬁfe it
reduces tipolythek of forming cancer cells that, due to nutations, are nore
prone to avoid or conbat the inherent cancer defense nmechanisns of a
subject. In accordance with the invention, the anphiphilic block copol yners
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accept abl &°85 TedP relly volgsertney grecidmudaieddiy Aheadsitien af glifferent an
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conposition conprises anphiphilic copolyner of the invention in a solution
of a selected solvent. In a particular adm nistration inplenmentation, the
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| As a consequernce, non-cancerous cells will not be affected since they already

proliferate at the low normal growth rate.

Once the growth rate of the cancer cells has been diminished, the immune
system of the (human) patient can more effectively handle and combat the

cancer cells to eliminate the cancer.

The copolymers of the present invention may also have affect in preventing
or at least reducing the rate at which mutation arises in the cancer cells.
This finding is extremely important since it reduces the risk of formirig
cancer cells that, due to mutatiéns, are more prone to avoid or combat the

inherent cancer defense mechanisms of a subject.

-In accordance with the invention, the amphiphilic block copolymers can be
provided as pharmaceutically acceptable formulations using formulation
. methods known to those of ordinary skill in the art. These formulations can
be administered by standard routes. In general, the copolymer may be
administered intravenously, intraperifoneally, subcutaneously, buccally,

- rectally, dermally, nasally, orally, tracheally, bronchially, topically, by any



ot her adm ni stration equi pnment. Al so adm nistrations through so-called
slowrelease is possible and within the scope of the present invention. In
anot her particular inplementation, a |ocal admnistration in or in

connection wth the tunor can be used to allow a relatively hi %h | ocal
concent r at "OPOWI2HM44R active ingredient. This |ocal adnPRISE2HM2 can be
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exanpl e, ter for injections, i.nmediately prior to use. In particular for
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In another particular implementation, a local administration in or in
connection with the tumor can be used to allow a relatively high local
. concentration of the active ingredient. This local administration can be

accompanied by one or more systemic administrations.

In general, the formulations are prepared by uniformly and intimately
bringing into associate the active ingredient with preferably liquid carriers or
- sometimes finely divided solid carriers or both, and then, if necessary,

shaping the product.

Formulations suitable for parenteral administration include aqueous and
non—-aqueous sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats and solutes which render the formulation isotonic with
the blood of the intended recipient, and aqueous and non-aqueous sterile
suspensions which may include suspending agents and thickening agents.
The formulations may be presented in unit-dose or multi-dose containers,

for example, sealed ampoules and vials, and may be stored in a freeze-dried




Formul ati ons of suitable for oral admnistration may be presented as
capsul es, cachets or tablets each containing a predeterm ned anount of the
active ingredient, as a powder or granules; as a solution or a suspension
or enmulsion in an aqueous liquid or a non-aqueous |iquid. Formulations
sui tabl e fBi006Bi284% administration to the skin may bePeVIREH8H %S

oi ntnents, creans, gels and pastes cdfprising the ingredient to be
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suitable for vaginal adm nistration may be presented as pessaries,
tanports, creans, gels, pastes, foans or spray formulations containing in
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the adm nistration route. The maxi nrum al | owabl e concentrati on WO
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the present” docune e result from such oxicity study in mce or
sone ot heratimpheail te aratehénpiricably betwesh appradmiafely ) :Aehdndumsl0. onabl e
concentrations for other animals, including humans, using techniques well
known in the art. For exanple, the dosage conversion factor table of
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active ingredient, as a powder or granules; as a solution or a suspension or
emulsion in an aqueous liquid or a non-aqueous liquid. Formulations
suitable for topical administration to the skin may be presented as
ointments, creams, gels and pastes comprising the ingredient to be
administered in a pharmaceutical acceptable carrier. Formulations for rectal
administration may be presented as a suppository with a suitable base
comprising, for example, cocoa butter or a salicylate. Formulations suitable
for vaginal administration may be presented as pessaries, tamports, creams,

| gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate,

Examples of unit dosage formulations are those containing a daily dose or
unit, daily sub-dose, as herein above recited, or an appropriate fraction

thereof, of the administered ingredient.

The maximum allowable dosage that can be used according to the present
invention depends, among others, on the toxicity of the particular
amphiphilic block copolymer, its anti-cancer effect, i.e. growth rate inhibitory

effect, and the administration route, The maximum allowable concentration




Is allowable in mce, the correspondi ng estimated nmaxi num concentration in
humans is about X/ 12 % For exanple, toxicity studies in nouse have shown
that a maxi mum pol yner concentration of about 30 % w w can safely be
injected in nmouse without any side effects. This would then correspond to
a concent r YO BYH Pt of about 2.5 % w w for human adRFHPEPVA0938H. Sonme of
the above listed anphiphilic copol yders of the present I nventi on,
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PCT/ SE20 T AR pg getimaipd spagiznem eererntmtianin be
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and types. The present invention is applicable on several different types
of cancers, including, but not |imted to, human sarcomas and carci nomas,

e.g. fi brIﬁ&aabmﬂmjﬁle, tORISIOP BLEWEB in Im@eé?@ha@é@ho%oﬂmt%?ﬁ{a%&%m %%?;%HQF”' ¢
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any side effects. This would then correspond to a concentration limit of

about 2.5 % w/w for human administration. Some of the above listed
amphiphilic copolymers of the present invention, including PLURONICS,

have underwent clinical phase studies and extensive toxicity investigations.

The concentrations used for administration of the polymers can non-
~ inventively be determined by the person skilled in the art based on the
above-described procedures. It is expected that a polymer concentration of
up to_ 30 % w/w, such as up to 25, 20, 25 or 10 % w/w, or up to 7.5 % w/w,
preferably 0.001 to 5 w/w %, more preferably at least 0.01 % w/w, such as

at least 0.1 w/w % can be suitable concentrations.

| Suitable concentrations can be those that give a mean blood concentration
~ below 5 % w/w, probably less than 2.5 % w/w and especially less than 1 %
w/w. A preferred concentration range is between 0.0001 % w/wand 1 %

w/w polymer, such as more than 0.01 % w/w, or more than 0.1 % w/w.

‘The present invention can be used in connection with animal subjects,

preferably mammal subjects and more preferably human subjects.




| ei omyosar conma, rhabdonyosarcome, pancreatic cancer, breast cancer,

ovarian cancer, prostate cancer, squanous cell carcinoma, basal cel

carci noma, adenocarci nona, sweat gland carci noma, sebaceous gl and
carcinoma, papillary carcinoma, papillary adenocarci nonas,
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carcinoma, Wilms’ tumor, cervical cancer, testicular tumor, lung cacinoma,

small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependymoma,
hemangioblastoma, oligodendroglioma, . melanoma, neuroblastoma and
retinomblastoma, leukemias, e.g. acute lymphocytic leukemia (ALL), and
acute myélocytic leukemia (myeloblastic, promyelocytic, myelomonocytic,
monocytic and erytholeukemia), chronic leukemias {chronic myelocytic
leukemia, chronic granulocytic leukemia and chronic lymphocytic leukemia),
polycythemia vera, lymphoma (Hodgkin’s disease and non-Hodgkin’s
disease), multiple myeloma, Waldensirdm’s macroglobulinemia and heavy

chain disease.

The pharmaceutical composition of the present invention can include one of
the amphiphilic block copolymers of the invention. In an alternative
embodiment, the composition comprises a mixture of at least two

amphiphilic block copolymers of the invention.

Furthermore, the present invention can be used as a complement to other
traditional cancer treatment techniques, e'.g. irradiation, chemotherapy,

hormone treatment, etc., to combat cancer in a patient.



sequentially relative adm nistration of at |east one anphiphilic copol yner
of the present invention. Exanples of suitable chenotherapeutic agents

t hat can be used in connection with the copolynmers of the invention
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theory. The copolynmers are preferably water soluble so that they, upon
admnistration or in vitro, can reach and interact wwth the cancer cells.
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bind to growt hufthedftbBoRrRe, kN8R MY methotrexate, azathioprine, mercaptopurine,

thioguanine, fludarabine, pentostatin, cladribine, S-fluorouracil,
floxuridine, cytostine arabinoside; _
» anthracyclines, such as daunorubicin, doxorubicin, epirubicin,
- idarubicin, mitoxantrone;
» vinca alkaloids, such as vincristine, vinblastine, vinorelbine, vindesine;
¢ phodophyllotoxin, such as etoposide, teniposide;
» taxanes, such as paclitaxel, docetaxel; and
¢ topoisomerase inhibitors, such as irinotecaun, topotecan, amsacrine,

etoposide, etoposide phosphate, teniposide.

A possible theory for the growth inhibiting effect of the amphiphilic
-copolymers of the invention follows herein. The present invention is however
not bound at all to this theory. The copolymers are preferably water soluble
so that they, upon administration or in vitro, can reach and interact with the
cancer cells. The hydrophobic part of the copolymers may then penetrate
into the cell membrane and bind thereto. The hydrophilic parts prevent to
copolymer from fully entering into the membrane. This means that the
copolymers will typically be anchored in the cell surface. Once fixed in the
membrane, the copolymers may exert their cell growth inhibiting action in
different ways. '




I nactivating themor at |east prevent themfrom binding to and activating
growm h receptors in the cancer cell nenbranes. This has been seen in
experinments with one of the anphiphilic block copolyners of the invention
that is able to block the binding of Fibroblast G owh Factor FGF2, al so
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-conbi nat i gBnéfedabselce®EE RBidRMb{(dt) CrelvwHeGranth Patiet (BbeFe wXitHe can

be used to decrease the toxi city of an anti-neoplastic agent and for
i ncr easi n§PYREUEHTFCREATRP SELMFMPTRYSY) increasing the stability of the

agent in the blood stream ii) naking the agent nore soluble or iii)
i mproving_the transport of the agent across_cell menbranes. It is also
known [ 18} additiorp hiphBicosgpdpmer worid bleske grewtle yerettors &2itheét drug

resi st anc.ﬁlég]%}mi SER Ppgdéffil agegenn;clek,w&nﬂfain qialiﬁngf iEcl ¥his, SRBRY 1RES,

abol i shing drug sequestration in acidic vesicles an nhi biting the

gl ut hi on/ gftemn axehesrsay $ox famstrdinga signadsintd B ¢dh system Al these

mechani sms of drug resistance are energy-dependent and therefore ATP

depl etion induced by PLURONI C(r) bl ock copolyners in multidrug-resistant

cancer celt sddgiagnei décsthtiely hthe empiniphlic cohelyoiesosandind zatgrowth

experienced through.the combined adm nistrati 0, '
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thereby preventing growth factors from binding to and activating the

receptors.

Some of the amphiphilic block copolymers of the present invention have
previously been used in connection of anti-neoplastic agents. For example, it
is known [18] that a combination of a selected PLURONIC® polymer and
polyethylene oxide can be used to decrease the toxicity of an anti-neoplastic
agent and for increasing the anti-cancer activity by i) increasing the stability
- of the agent in the blood stream, ii) making the agent more soluble or iii)
improving the transport of the agent across cell membranes. It is also known
[19] that PLURONIC® block copolymers affects several distinct drug
resistance mechanisms including inhibition of drug efflux transporters,
. abolishing drug sequestration in acidic vesicles and inhibiting the
gluthion/glutathione S-transferase detoxification system. All these
mechanisms of drug resistance are energy-dependent and therefore ATP
depletion induced by PLURONIC® block copolymers in multidrug-resistant
éancer cells is considered as the reason for the chemosensitization
- experienced through the combined administration of anthracycline

antibiotics and PLURONIC® copolymers.




WO 2007/ 123468 PCT/ SE2007/ 000392 19 However, it has not hitherto been
real i zed that anphiphilic block copolyners, such as PLURON C(r)

copol ymers, has anti-cancer effect per se in the formof inhibiting the
proliferation and growth rate of cancer cells. Thus, it has not be

real i zed t Wo204/28p8% ecti ve anti-cancer medi cament can BGHPRA0&0034%

anphi philic bl ock copol ymer of the prl&sent invention w thout any of the
prior art chenot herapeutical agents and still being effective in preventing
or treathn cancer. A first aspect of the invention relates to a

phar maceut & tonhodiasi et cbitbertei pean woapbedhithat birpipaapo! yiek of
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cancer ceﬁﬁjr_\fﬁ hﬁefgﬁ{ anp F{&ﬁllg%ll %g%?tgcﬁzncgfjhﬁlg%ﬁg .‘%ﬁ@"%ﬁ%mrsmmﬁl@g BFock
copol yner tregtingcefigerabl y added in the culture mediumused for the cell. A

further enbodinent relates to an in vivo nethod of nodulating, i.e.
reducing, proliferation rate or cell gromh rate of a cell, preferably a

cancer ceh| firsthespentt bbdhEnitoleneidnadalahés 8 ANBharBRRLABESY tcBF@ sitio
pect of the invention to a u%] ect,

conposi ti according the _fir S
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rel ates t(} a pharnaceutical conposition conprising an anphip | FICUBY ock
copol yner®'d? Hphiicrplork \ropobanensl thainmsnitionaipethd maagedattireroftareat i ng
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_ encompassed an in vitro method of modulating, i.e. reducing or even
inhibiting, the proliferation rate or growth rate of a cell, preferably a cancer
cell. This method involves contacting the cell, preferably the cancer cell, with
an amphiphilic block copolymer. The amphiphilic block copolymer is
preferably added in the culture medium used for the cell. A further
embodiment relates to an in vivo method of modulating, i.e. reducing,
proliferation rate or cell growth rate of a cell, preferably a cancer cell. The
method involves administering a pharmaceutical composition according the
first aspect of the invention to a subject, where this subject is an animal
subject, preferably a mammalian subject and more preferably a human
subject.

A second aspect of the invention relates to a pharmaceutical composition
comprising an amphiphilic block copolymer of the present invention as
chemotherapeutic agent for treating or preventing cancer with the proviso
that the amphiphilic block ¢opolymer is not PLURONIC® F68 (average
molecular weight 8 400 g/mol, average ethylene oxide content of 81.8%1.9 %,
a melt point of 52 °C and an average Brookfield viscosity of 1 000 cps at 77
°C and average chemical structure of HO-(CH2CH20)s0-(CH(CH3)CH20)a27-




nol ecul ar wei ght 8 400 g/ nol, average ethyl ene oxide content of 81.81.9 %
a nelt point of 52 C and an average Brookfield viscosity of 1 000 cps at 77
C and average chem cal structure of HO (CH2CH20) 80- ( CH( CH3) CH20) 27 8 WO
2007/ 123468 PCT/ SE2007/ 000392 20 (CH2CH20O) 80-H). Anot her enbodi nment

rel at es t oWMOR#0Ua468f an anphi philic bl ock copol yner BST/SEREWNPRE? apeuti c
agent  (active anti-cancer agent) in te nmanuf acture of a nedi canent for

treating vV AN6 t he Vi S he bl ock copo. S
not PLURO%F%?éﬁ @gqﬁ }T)Tﬁtlgs a%%e\g%‘%&%%emr 3?633% t“Wg ?mtp&‘é@i”h g or
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conpri sing_,a | li.c hlock co mer . of the present.invention. for
Foduct ng. PR ER chTHyod iSRS BF SR AN e P PRI REeDly &
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suffering. fr? An enbodj nent of this aspect relates to the use of

an anphi pHia we@m&,r?erplaﬁlrrflﬁ%ewtﬂﬁﬁénPP@rPOﬁquheawé%t@r éhef a

nmedi canenkeddiid a&lﬁﬁﬁtttbtthe%wedtedum ng the growh rate of cancer cells in

the subject suffering fromcancer. This aspect also relates to a nethod of
reducing a growth rate of cancer cells in a subject suffering from cancer,
where the d I e t 9155]9@3 on of
the thi rdAggﬁ)lg‘gta%%%? gp%}slﬁaijgggﬂﬁéﬁ é(%%r%ts &gsaggﬁ{ a%&{ﬁgﬁlg%\vent onhéfél at es
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(1) “wher Sning SRR o UhER 08 L ahDe ST B L S PRy

i nt egers mammalian subject and more preferably a human sub_]ect suffering from

cancer. An embodiment of this aspect relates to the use of an amphiphilic
block copolymer of the invention in the manufacture of a medicament for
inhibiting or reducing the growth rate of cancer cells in the subject suffering
from cancer. This aspect also relates to a method of reducing a growth rate
of cancer cells in a subject suffering from cancer, where the method involves
- administering the pharmaceutical composition of the third aspect to the

subject.

A fourth aspect of the invention relates to a pharmaceutical composition

comprising an amphiphilic block copolymer represented by formula (IV):
HO-(CH2CH20)n-(CH(CH3)CH20)m-(CH2CH20)p-H )

where m, n and p are each integer numbers, .preferably multiple integers
numbers for treating or preventing cancér in a subject, preferably
mammalian subject and more preferably a human subject, with the proviso
that the cancer is not colon cancer or rectal cancer. An embodiment teaches
the use of an amphiphilic block copolymer represented by formula (IV) as a
chemotherapeutic agent in the manufacture of a medicament for treating or

preventing cancer in a subject with the proviso that said cancer is not colon




nunbers for treating or preventing cancer in a subject, preferably
manmmal i an subj ect and nore preferably a hunman subject, with the proviso
~that the cancer is not colon cancer or rectal cancer. An enbodi nent teaches

the use of an arrphighi lic block copolynmer represented by formula (I1V) as a
chenot her aP@HYE23§8nt in the manufacture of a nedi canBRE/SE2807/008382%¢ i ng or
preventing cancer in a subject with tthe proviso that said cancer is not
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also relates to a nmethod .of treating or preventing cancer d from
col on canBETCRHGE Ecer déﬁ‘?ﬁ?é’ft fremacalonjcseicer bpdarheiali carerdrnig 4 Bebject

phar maceuby edlmigsTeAsktthe v rBRRGS bject, Afifth
aspect of jtthe inventign rgl)at es%dntg%liltgg, |n§t?u%%géﬁgﬁoﬁlwsﬁegtﬁ%ttﬁ8d, of
bl ocki ng B#W&Fhg of a growth factor to a growth factor receptor on a cell
menbrane of a cell. The method conprises contacting the cell with an

anphi philic, hl ock copol yner according to the present invention. EXAMPLES

In the expdiftthempectifthgrianentioneloted 2 nelhody ndpdiysransinaigossethodl he
PLURONI C(41) beRintEb R ) r.s wer.e obt ai from BASF Corporati on.
The anphi philic Bl ock cg(ﬁ:?)fl %/%glr)%g%no?tgﬁ Wﬁ‘”@g&?"%’r LPePPHt oA gell

PLURONI C(Frupurpfesf laucelli (The mecibedt ramppisepy beiecoisteoC haiin wigx chianged

for a corgg i e chain. That bl ock copol yner was ordered
from Pol yrre? H%{)}girlggﬂ(?%c&?ﬁ &%%H£CC%H§§B%§%PS%W%éPa| | owi ng
schematic structure: (EOQx-(St)y-(EOx, where the x--70 and yy27, M

PEQ( 3100) - PSt (2800) - PEQ(3100) and MM Wh=1.11. G owth rate inhibition of
breast cancer cells The effect of BXARMRLES) F127 was tested on cell

Pate was o reheaniants | et armpBiicahlocty oplEeranasygrsds el y

growi ng BLEEONIEPCemndelTETRONIC® polymers were obtained from BASF
Corporation. The amphiphilic block copolymer denoted DORVAL 1 is a
variant of a PLURONIC® polymer but with the central propylene oxide chain
exchanged for a corresponding polystyrene chain. That block copolymer was
ordered from Polymer Source Inc., Canada. The copolymer has the following
schematic structure: (EO)-(St},~(EO)x, where the x~70 and y~27, Mn:
PEO(3100}-PSt(2800)-PEO(3100) and Mw/Mn=1.11.

Growth rate inhibition of breast cancer cells

The effect of PLURONIC® F127 was tested on cell growth of human breast
cancer cell lines cultured in vitro. The growth rate was measured with
incorporation of 3H-thymidine. An aggressively growing breast cancer cell
line, MCF-7, and a more slowly'growing breast cancer cell line, SK-BR-3,

were examined,

Briefly, about 3x104 cells were seeded in 24-well microtiter plates in 1.0 ml
RPMI (Roswell Park Memorial Institute) culture medium supplemented with
10 % FCS (Fetal Calf Serum), insulin (I mg/100 ml) and 1 % antibiotic and
incubated (humidified air, 5 % COj, 37 °C) over night., After overnight
“incubation, the medium was removed by vacuum suction usihg sterilized
Pasteur pipettes and was exchanged by 1.0 ml RPMI with 0.1 % FCS per




line, MCF-7, and a nore slowy grow ng breast cancer cell line, SK-BR-3,
were exam ned. Briefly, about 3x104 cells were seeded in 24-well mcrotiter
plates in 1.0 M RPM (Roswell Park Menorial Institute) culture medium
suppl emented with 10 % FCS (Fetal Calf Serum), insulin (1 ng/ 100 m) and
1 % ant i bi MAW0%AH68| ncubated (hunidified air, 5 % CO2PCBIE2097/080382 ni ght .
After overnight incubation, the mediZdm was rem)ved by vacuum suction using
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| abel i ng peri od, the rredl umvvas renoved and the cells were rinsed twice in

PBSandflxe % t.ri.chl oroacetic acgid) for, 10
m nut es. Wé%ltg&ﬁt?? %’GSh&Pﬂeﬁ ﬁ‘bé L W@\%?ﬁléag gwe

et hanol aaﬂdancuﬁateeﬁlrm Hmm At m@%hdtwtﬁeflgbd&@g Fﬁbﬂuaeﬁhe eneaf fek, 1.0
m 0.2 M NaC]—I tgq er well i ncubated at [east _one hour in room
{ enper at UFEPPETA APd YRR HBSPd twiconPESt and dhegoith calledt hals

di | uted i modentcaf (thbehssdtic! aéi@) B hbahioc8OlndiA Qs thed moved and
scintillation tubes. Radioactivit g was neasured on a beta counter. As can

be seen i H'% HEoPPlayery Wate svagh A5 )%erethenalr Red pir-dagdeat AWM h of

bot h breagdmpangaie €&l 20 Lﬂlﬂ@@es The effect was nost pronounced in the
rapl dly grow ng cancer (MCF-7) were 1 % PLURONI C(r) F127 reduced cell

Thereafter, 1.0 ml 0.2 M NaOI-I was added per well and incubated at least
one hour in room temperature for dissolving the cells. 1.0 ml of each well-
content was diluted in 4 ml of Highsafe II scintillation solution in 5 ml

scintillation tubes. Radioactivity was measured on a beta counter.

As can be seen in the Figs. 1 and 2, PLURONIC® F127 markedly reduced
growth of both breast cancer cell lines. The effect was most pronounced in
the rapidly growing cancer (MCF-7) were 1 % PLURONIC® F127 reduced cell
proliferation by approximately 80 %. The effect was also pronounced in SK-
BR-3 were the growth was reduced by approximately 60 %.

Addition of a growth stimulus FCS increased proliferation in SK-BR-3 but
not in MCF-7, probably because MCF-7 by itself proliferates at maximum
- rate. In SK-BR-3 the eiffect of PLURONIC® F127 was increased in FCS-

stimulated cells compared to unstimulated cells.

PLURONIC® F127 was effective as an inhibitor of proliferation even at the

lowest concentration tested (0.01 % w/w).



proliferation by approximately 80 % The effect was al so pronounced in SK-
BR-3 were the gromth was reduced by approximtely 60 % Addition of a
grow h stinmulus FCS increased proliferation in SK-BR-3 but not in MF-7,
probably because MCF-7 by itself proliferates at maximum rate. In SK-BR-3
the ef fect WOF20BYIZHOI C(r) F127 was increased in FCS- sPCHEEAIAG032] | s
compared to unstimulated cells. PLURRI C(r) F127 vvas effective as an
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of f. For sAstihelai¥8s58ksle ddie. endot helial was renmoved by flushing the
vessel lumen with 0.1 % Triton X-100 for 10 s, followed by flushing with

DMEM (Dul becco's Modified Eagle's Mediun) culture nedium The vessel was
hacked i nsQeppRlheraPleCRRscROOMe 10 Theseeszal BlugC

transferredeto cel | aP% turgebott y gﬁ?&d sSuppﬁ’gment edgéle3 \A&l&g :)c}—l FCS
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flushing with DPMEM (Dulbecco’s Modified Eagle’s Medium) culture medium.

The vessel was hacked into smaller pieces, about 1x1 mm. The vessel pieces
were transferred to cell culture bottle with DMEM supplemented with 10 %
FCS and 1 % antibiotic for incubation in 10 days. For human cells, the

DMEM medium was also supplemented with 10 % human serum (NHS).

In a passage of the cells, the spent culture medium was pipetted off and
discarded. The cells were rinsed twice by addition of PBS (10 mi/75 cm?
flask) to the flasks, while being careful not to disturb the cell monolayer. The
monolayer is rinsed by gently rocking the flask back and forth. The PBS was
removed and discarded. Trypsin (3.5 ml/75 cm? flask) was added to the
flasks and the flasks were rocked gently to ensure that the entire monolayers

were covered with the trypsin solution.

The flasks were incubated about 3-5 minutes until the cells began to detach.
3.5 mi 10 % FCS was added per flask to “neutralize” the trypsin and the
solutions were pipetted up and down until the cells were dispersed into a -

single cell suspension.




flask) to the flasks, while being careful not to disturb the cell

nonol ayer. The nonolayer is rinsed by gently rocking the flask back and
forth. The PBS was renoved and di scarded. Trypsin (3.5 m /75 cn2 fl ask)
was added to the flasks and the flasks were rocked gently to ensure that
the entireWHOI/8&8s were covered with the trypsin sECHSEYRTO0PHR f| asks
~were incubated about 3-5 minutes unti}# the cells began to detach. 3.5 ni
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di scarded%raﬂ'ﬁge%g |tg6gp|%qwm8mgsi n DMEM and transferred to two new
culture flasks. The cell growth rate (DNA synthesis) experinments were then
conducted,jn the sa for the two breast cancer cell |jines
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PLURONI C(r) F127 has a dose-dependent proliferation rate inhibition on the
FCS-stinulated nuscle cells. Conparative results were also obtained from
rat and raBbi 8 N6 STRRAIIR SWELORE ShisSmoldlIAICO W TTURURISS wdyp7 the
DNA synthesis inhibiting effect on FCS- stimul at ed gclo 9% snoot h nuscle

cel Is of PRRugmr sepeilap srepiicmyscly sellpesiswseen thek BHC® THR7
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cel | s gr owascle medisur aupatatinentesiiltsywene 1ds9odhigineth érame stad card [rebbiter e
grown in i t.th 10 % FCS and a copol ynmer at a
concentra??g%ﬁ%}‘iﬁgtﬁr%ggggf\%n%m . In these tests the DNA synthesis of
~the control cells is set to 100 % and the

In a comparative study, the DNA synthesis inhibiting effect on FCS-
stimulated (10 %) smooth muscle cells of F127 and other PLURONIC®
polymers were investigated. The results are presented in Table V below
normalized to the DNA synthesis (as determined using the above described
thymidine-based method) of control cells grown in medium supplemented
with 10 % FCS. The tested cells were grown in medium supplemented with
10 % FCS and a copolymer at a concentration. of 10, 1 or 0.1 mg/ml. In
these tests the DNA synthesis of the control cells is set to 100 % and the
tested substances are expressed as percentage of the DNS synthesis of the

control cells.




t est ed substances are expressed as percentage of the DNS synthesis of the
control cells. WO 2007/123468 PCT/ SE2007/ 000392 25 Table V - DNA synthesis
i nhibition PLURONI C(r) Nornmalized DNA synthesis relative 10 % FCS cells (%
polymer 10 ng/m 1 nmg/m 0.1 ng/m L31 -39.06.8 3.46.8 91.54.1 F38
102. 711. 6 ¥®20/123488  68. 9 F68 131.86.8 93. 26.8 97. 75. FCT/FIgB07490335. 9
61.61.4 52.18.2 L121 47.72.3 95.50. 95127.311 4 P123 -9. 61].:6 68.ﬁ8.0
108.85.6 F127 1.43.4 30. 6. se, ex l.ments confirmthat
PLURONI C(1) pol ymers can géb#sgd lﬁgl Fﬁ‘lstlpﬁ b1 synthesis. The
exper i ment SpaHRe N : , L 1% 7 = >
I nhi biting effect At the concentra I"on""("10 rfﬁ L31 had
a tendency ofPOIbr’IrlBi‘ng t he céOImg/Iﬁbll grOV\thmgﬂmn]bltlon 00. ]stngmhat ed
'snoot h y 1Ot Ce :
synt hesi s was ue to reduced?’ ) prollfer?
inhibition, a orimetric jpethpth yas use . Agasure ce
fol |l owi ng PLUR%V%BQr) F127 t@teat rre}rét(t(:3l Vasgsu%[8 JirIém)ot h nus% gn‘fl s from
rat aorta wer eF88t ai ned usi hglBHie.&bove- d&k2i®Ed pr ocedu@é7+5 000 ratII
aorta cells inggQ0 pl DMVEM g nted by ..1 %FCSwere per we
ina CellTiter égTHpAQJeous p@:))lo‘f!’cji%eg61(3Promega)61 8 e cells we gﬁggﬁ%wed to
i ncubate for dd@lt 1 day. TH&. mﬂjBum was pigebi@® off antbiss¢argded and

exchanged by 1 DVEM wi t % FCS per .. After a cel |
medi um (negati | Y cont roI ), +1ﬁ%dl um wi t @81\,\@%'% FCS (poﬁotdg %-é ontrol )
DVEM nedi um wWiRI271 or 5 % PLLREBI4AC(r) F127 30r1+4.1 56.947.5

These experiments confirm that PLURONIC® polymers can be used for

inhibiting DNA synthesis. The experiments also show that PLURONIC® F&8
. does not seem to have any such inhibiting effect. At the highest tested

concentration (10 mg/ml), L31 had a tendency of killing the cells. |

Cell growth inhibition on stimulated smooth muscle cells

In order to confirm that the inhibition of DNA synthesis was due to reduced
cell numbers, i.e. proliferation rate inhibition, a colorimetric method was
used to measure cell numbers following PLURONIC® F127 treatment.

‘Vascular smooth muscle cells from rat aorta were obtained using the above-
described procedure. 5 000 rat aorta cells in 200 yl DMEM supplemented by
10 % FCS were seeded per well in a CellTiter 96™ AQueous plate (Promega).
The cells were allowed to incubate for about 1 day. The medium was pipetted
off and discarded and exchanged by 200 pl DMEM with 0.1 % FCS per well.

 After 2 days, cell DMEM medium (negative control), DMEM medium with 10
% FCS (positive control), DMEM medium with 1 or 5 % PLURONIC® F127 or
DMEM medium with 10 % FCS and 1 or 5 % PLURONIC® F127 was added to
different wells (n=3) and incubated according to the protocol of the CellTiter
9o™ Non—Radioactive Cell Proliferation/Cytoxicty Assay manufacturer.




DVEM nmediumwith 10 % FCS and 1 or 5 % PLURONI C(r) F127 was added to
different wells (n=3) and incubated according to the protocol of the

Cell Titer 96TM Non-Radi oactive Cell Proliferation/ Cytoxicty Assay

manuf acturer. WD 2007/ 123468 PCT/ SE2007/ 000392 26 The wells were then
washed t hr &® 20084680 t h PBS according to the nmanufact BEBEEIHOEEDI and 20
| MIS sol ution vvas then added per wel%. The plate was incubated in 1-4

hour s and he sorhanc d at 490 resul t.s ar
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Cnhi bi t ed PAHE RDIRIREBEF i - oS %’E‘Eﬁﬁ? aBECTRARCE WRg %ﬁsﬁéﬁl&%@& ef f ect
on unstimak@ted cells. Cell nediated cytoxicity In order to determ ne

whet her the cell proliferation inhibiting effect of PLURONIC(r) F127 is
due to any toxic effect of the copolyner on the cells, a cell nediated

cyt ot oxi CiTh¥ fsiltsWase RROSQHIRT iIMNEIL 4.he 6y tREAXikithy a{a rEURGN Ghe) F127
was conpared to 1 % Triton X-100, P G 10 000 and anot her gP

pol ymer Pgolerintsisica Jued1sk seonitans piir coell ePIRlIRRINE Tale Wlbé?ltlQBTI‘r)f

Non- Radi opgpiReeniea |p1d7 obhi&had! t Qe0Xd KdvieVd ir Pr%ﬁﬂ
performed using different con?:gnﬁ%%loﬁls )(;&:‘L PLUR%\I%I?%)(@'S IQ%? 1 %Trlton

X-100, 1 wegtbel)BLUBONIRE F 127 4mhibien t@@rgrowm:ﬁtlmulﬁtug et BERHut he

cyt ot oxi ¢ 4&f L6£1Ha 9 .‘lﬁ@g 127 concentrations expressed in
per cent age&{)%X hg %:?% teg§F€P%f$ég |ton -100. PLURONI C(r) F127 exhibit

no cell tOXI city even at the highest tested concentration of 5 % However,

the ot her ol ymer P123 exhibited conparatively
signifi can #‘%ﬁé@e% c%%c%: y Conpar ative study of anphiphilic block

copol ymer&n order to determine whether the cell proliferation inhibiting effect of

- PLURONIC® F127 is due to any toxic effect of the copolymer on the cells, a
cell mediated cytotoxicity test was performed where the cytotoxicity of
PLURONIC® F127 was compared to 1 % Triton X-100, PEG 10 000 and
another PLURONIC® polymer P123.

The above-described procedure using the CellTiter 96™ Non-Radioactive Cell
Proliferation/Cytotoxicity Assay from Promega was performed using different
concentrations of PLURONIC® F127, 1 % Triton X-100, 1 % PEG 10 000 and
1 % PLURONIC® P123. Fig. § illustrates the cytotoxic effect of different
PLURONIC® F127 concentrations expressed in percentage of the cytotoxicity
of Triton X-100. PLURONIC® F127 exhibit no cell toxicity even at the highest
tested concentration of 5 %. However, the other tested PLURONIC® polymer
P123 exhibited comparatively significant higher cytotoxicity.

Comparative study of amphiphilic block copolymers

The growth rate inhibiting effect of other amphiphilic block copolymers
besides PLURONIC® F127, including PLURONIC® F38, F68, F&87, F98, P105,
F108, and TETRONIC® T908, T1307 from BASF corporation and DORVAL 1
from Polymer Source Inc., were tested on stimulated (10 % FCS) human

vascular smooth muscle celis,



The grom h rate inhibiting effect of other anphiphilic block copol yners
besi des PLURONI C(r) F127, including PLURONI C(r) F38, F68, F87, F98, P105,
F108, and TETRONI C(r) T908, T1307 from BASF corporation and DORVAL 1 from
Pol ymer Source Inc., were tested on stimulated (10 % FCS) human vascul ar
snmoot h mus@208EI2B48 WD 2007/ 123468 PCT/ SE2007/ 000392 PET/SENe7/@RIer i nent s
were perforned in the sane manner as %’he thym di ne- based DNA synt hesis
experinment described above and illustrated in Fig. 3, wth the difference
that three concentrations 1, 0.1 and 0.01 %w w were tested per bl ock
copol yner ThEhexpcaﬁuJehsS aferehperdoaned inatiee i szimdimhancarss phesgrhedina Fig.
. 6, mhere tes have. been nor a d reI Lve the hjghest

measured bared Nk initBsEl SRSEEERG gs Y Byt F WiRSIE P, Dhe
f| gure thahtli liRe Giiffotesiver tHaavihivee idoackhgheshs nydrlo@mdl omIcontent waleout 80

i.e. s%dFG8 FJITTE d T908, showed the |owest cell growth inhibiting

effect on t¢§Ed PEE PG GPRR RS oot h nuscle cell's. The copol ymer F87 had

simlar effect as F127, while P105 achieved the highest inhibitory effect

under the resen eri nent al settl ngs. Binding experinments Test
exper i ment. ev@ﬁe cmp WW&%%Y%EFQWG%B@E Patvérereiiehi t or y

effect of gP @éraavﬁ%n%&aﬁa@&de&ae&@%é BE SR thBLsuhbae AYwRh the

binding of different growth factors to respective receptors on Ttat aorta
snoot h nusRledTEeB and gaﬁl Yowt'®)cel | s prepared as previously described added
inculture nedium (+ 10 % FCs) to wells of a 24-well mcrotiter plate at a
concentration of about 5 000 cells per well. The plate was incubated over
ni ght to Hl lcam thee sasinl dnt ghe f bgwrer thajethof copmywsirl hevingnhe Tighestl t ure

medi um mﬁg&f@&}luﬁ@%g %‘é’rﬂr @tb‘bﬂt &M ULE FBS! HELS HRBE RN 1805 MshBwla tne FCS

and al | one ncu
lowest cell growth inhibiting effect on the FCS-stimulated smooth muscle

cells. The copolymer F87 had similar effect as F127, while P105 achieved the
highest inhibitory effect under the present experimental settings.

Binding experiments

Test experiments were conducted to determine whether the growth rate
Cinhibitory effect of PLURONIC® F127 might be mediated through the
blocking of the binding of different growth factors to respective receptors on

rat aorta smooth muscle cells.

Rat aorta cells prepared as previously described added in culture medium (+
10 % FCs) to wells of a 24-well microtiter plate at a concentration of about
5 000 cells per well. The plate was incubated over night to allow the cells to
form a layer of the well bottoms. The culture medium was then replaced with
culture medium supplemented with 0.1 % FCS and allowed to incubate for
two days.

The culture medium was then removed and the wells were washed twice with
PBS. 150 pl NaCl solution with different concentrations of PLURONIC® F127
(2, 1, 0.1, 0.01, 0.001 and 0.0001 % w/w) was added together with 1 ul 125]-
FGF2 (Radioactively labeled Fibroblast Growth Factor 2) or 1 ul 125[-PDGF




two days. The culture nmediumwas then renoved and the wells were washed
twce with PBS. 150 | Nadl solution with different concentrations of
PLURONI C(r) F127 (2, 1, 0.1, 0.01, 0.001 and 0.0001 % w w) was added
together with 1 | 1251- FGF2 (Radi oactively |abel ed Fi broblast G owh
Factor 2) w0 0112348 - PDG- WO 2007/ 123468 PCT/ SE2007/ OBOUBSE2007AB00P| at el et
Derived Gowh Factor) diluted in a B8ffer solution (0.237 M NaCl, 0.0054
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growt h fact S de 1 ned ou traditional measur ement .
v comckbh i haBo bR RPoHE St RS B (et OPRER s et
factors t Qﬁd)giérnﬂ OSPRE Nia O rsmaeml e@mdcgem peewetl drsd itlﬁe platespaslppardant ]
manner. In ition, as is.llustrated i.n.Fig. 7, there is a ver i.g
Corr el at i GeeHEERseoF oISy Ted Rt er dac s A Ae SrlonBtgrHeneled

i nhi bi t or yreffiectfictorsd wag tHger Nhickérniardof tindoghbi meiditionkl 9.ga8hma
illustrates the correspondi ng binding blocking effect of the F127 pol yner
on radi 0ad®FaRIGMERbel ed PDGF. As a consequence, the bl ocking of this

grow h factor binding to receptors in the cell nenbrane can be at | east
one of the nechanisns of the growh rate inhibition of the anphiphilic

bl ock copdt yras sopeluded Prats EMURGNEH blecks foxikinding wfidihe twaogrosth
or oduces ToSTE Reants AnPearrer TPk, o8 i Yol M ORI 5

al bi no ni de, aditighi, rep dboilluseimtgd ain diig.i Valthewerie asweryf dvigh heorrelation

between the F127 concentrations needed for the growth inhibitory effects

and for the inhibitionn of FGF2 binding. Fig. 8 illustrates the corresponding

- binding blocking effect of the F127 polymer on radioactively labeled PDGF.

As a consequence, the blocking of this growth factor binding to receptors in

the cell membrane can be at least one of the mechanisms of the growth rate

inhibition of the amphiphilic block copolymers of the present invention. -

Toxicity study in mouse
Experiments were conducted to investigate whether PLURONIC® P105

. produces toxic reactions after intravenous administration in mice.

Ten NMRI albino mice, weighing about 25 g at arrival, were used for the
experiment. The animals were obtained from Scanbur BK, and were
conditioned for one week before start of the study. The animals were

provided with food and water ad libitum. .

The active substance PLURONIC® P105 was provided in two bulk solutions of
- 10 and 50 % by weight, respectively, of the copolymer in NaCl (9 mg/]) for 10
% solution and in NaCl (9 mg/1) and PEG for the 50 % solution.




experinment. The aninmals were obtai ned from Scanbur BK, and were

condi tioned for one week before start of the study. The animls were
provided with food and water ad |ibitum The active substance PLURONI C(r)
P105 was provided in two bulk solutions of 10 and 50 % by wei ght, _
respect i veMpP 208¥128468 copol yner in NaC (9 ng/ 1) for 10PCTEEEIMPIBAH and in
NaCdl (9 ng/1) and PEG for the 50 % sdfution. WD 2007/ 123468
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f or alj | gPaﬁﬁs‘P%gs é@é (ggs Thks g(fﬁf’@élt V@nm\é@@ ayggn‘comgarazgigagﬁbggﬁl )
seconds. i&eetdnd w kRGN oup 0
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er

ani mal s were obs ed for clinica ns of icity (fur quality,
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~ trenor, con\guléi. aand gBrbp)PL%(Pg[gcqpﬁﬁﬁglntgLes and at 1, 2, 3, 4, 8, 24,

48 and 72 hours a er adm ni st t substance. An expl orat ory
study was per fGromgel4on 2261% PLURGNHP RLOS (%8296 PLURONI C(r) P105 and 2

mce treated th5 % P animals treated with the

| owest P105 "co Eel‘m ati ok&%ﬂé‘%ﬁ#ﬁé‘%glp%q@r% the repeated treatment

wel | but those treat ed with 50 % P105 showegd edemat ours] and haenol yt: o
In addition, these two aninmals

t | | { { n
sﬁ:)deadr%P‘gé ‘i%?%f%? %%g\?: %ngdéﬁohéﬁ%e %@J@gheﬂmmzsté@ﬁlmmw deyt he
third daysaflter astimals Gferdel 8BLERAE. fod chﬂicsdl pﬁgﬂfs bf t% ﬁ%&dﬁﬁaﬁ& treat

6 mce with the 50 % forpulation diluted wth i ne
salivation, lacrimation, diarrhea, respiration, motor d1sturbances apathy,

tremor, convulsions and coma) during 0-30 minutes and at 1,2, 3, 4, 8, 24,

48 and 72 hours after administration of the test substance.

An exploratory study was performed on 2 mice treated with 10 %
PLURONIC® P105 and 2 mice treated with 50 % PLURONIC® P105. The
animals treated with the lowest P105 concentration were found to tolerate
the repeated treatment well but those treated with 50 % P105 showed
edematous and haemolytic tails already at the second injection. In addition,
these two animals showed decreased motor behavior and were subsequéntly
euthanized at the third day after start of treatment. At this point it was
decided to treat 6 mice with the 50 % formulation diluted with saline to 40
%, 30 % and 20 %.

Animals treated with 40 % P105 showed slight haemolytic discoloration of
the tails at day 2 which persisted during the treatment period. Some edema

was noted. These animals also showed a decreased weight gain, see Table VI,

Animals injected with the 20 % and 30 % dilutions were found to tolerate the
treatment well.




% 30 %and 20 % Aninmals treated with 40 % P105 showed slight haenol ytic
discoloration of the tails at day 2 which persisted during the treatnent
period. Sonme edena was noted. These aninals al so showed a decreased wei ght
gain, see Table VI. Animals injected with the 20 % and 30 % dilutions were
found to tOY@RUT/E3MdEe treatnment well. WO 2007/ 123468 PCTSEROT®PB00392 30
Table VI - weight gain of mice PLURONCC(r) P105 concentration Average

wei ght gain at day 6 (9Q) 4%ﬂem3@%ét2ﬁaiﬁgf%ﬁé- 9 10%6.1 Hollowfiber
i mpl ant at4 nv | whet her PLURONI C(r)
P105 i nhi bi HIURONDOP PAEK cogroentiution 8 hol howrddehedighPggin A dBPBSE
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for the experinent. Th&P&hi mal s were obtained from Sc8rbur BK, and were
conditioned for one wegiogefore start of the study. The, aninals were
provi ded with food and \A/\%)er ad libitum The filling of the fibers was
performed at Uppsal a UAP ver si ty Hospital, Departnentle® Cinical

Phar macol ogy. The fibeggopere |oaded with the followng tunor cells:
yel l ow fi ' e fibers with H69. "After shavin

di sinfection a small skin incision was, under 1sofluran anes ,
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treated a%folloi/vs .
umor cell growth in a hollow-fiber model in mouse.

Eighteen NMRI albino male mice, weighing about 25 g at arrival, were used
for the experiment. The animals were obtained from Scanbur BK, and were
conditioned for one week before start of the study. The animals were
provided with food and water ad libitum.

The filling of the fibers was performed at Uppsala University Hospital,
Department of Clinical Pharmacology. The fibers were loaded with the
following tumor cells: yellow fibers with U936/gth and blue fibers with H69.

- After shaving and disinfection a small skin incision was, under isofluran
anesthesia, made on the back of the animals. Three fibers, two yellow and
one blue, were implanted subcutaneously in a randomized manner and the

skin incision was closed using staples.

The animals were separated into three groups and were treated as follows
intravenously in a tail vein once daily for 5 days starting immediétely after
implantation:

¢ Group 1: 10 % PLURONIC® P105 diluted in NaCl (n=6)
e Group 2: 25 % PLURONIC® P105 diluted in PEG and NaCl (n=6)
¢ Group 3: vehicle (n=6)




intravenously in a tail vein once daily for 5 days starting i medi ately
after inplantation: Goup 1: 10 % PLURONIC(r) P105 diluted in Nad (n=6)
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t r eat nent FAPTS Fedt FR P FalnEamsdiai(87 scbheteein

wei ght's beraauauaﬁd;f@fanerentsrtgaatﬂaeaiawlt}here were no overt signs of change in

health status in any of the aninmals. "There were no statistically
significant differences within groups regarding weights before and after

treat rrents@&kas%v&@aﬂbnswaglﬂéﬁ&ﬂiecﬂh&ﬁﬁﬁ@é‘%‘i&%&%}ﬁ‘@&a HQHRR RS,  ound
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VI, TabI e - haemat ol ogy par anet
‘ comparlsons test was used to test statistically differences in haematology

parameters between the groups of treatment. Paired t-test was used to test

statistically differences in weights before and after treatments.

There were no overt signs of change in health status in any of the animals.
There were no statistically significant differences within groups regarding
weights before and after treatment.

Statistically significant differences between groups were found in the
haematology parameters RBs (p=0.0127 group 1 vs. group 3 and group 2 vs.
group 3), HGB (p=0.021, group 1 vs. group 3 and group 2 vs. group 3) and
PLT (p=0.0006, group 1 vs. group 3 and group 2 vs. group 3), see Table VIL

Table VII — haematology parameters

%
Group WBC (10%/1) RBC (1012/l) HGB (g/]) HCT (1/]) PLT 109/1

1 9.6+1.1 7.87+0.56  132.8£8.9 0.460+0.144 1014.0+103.5
2 7.611.6 7.94+0.47 134.736.1 0.403+0.021 947.0+61.6
3 8.9+1.6 8.6540.15  148.243.8 0.439+0.015 744,7+107.0

W

Cell density in fibers was significantly reduced (p<0.05) in U937/gtb
-containing fibers treated with the high dose of PLURONIC® P105 compared




G oup WBC (109/1) RBC (1012/1) HGB (g/1) HCT (1/1) PLT 109/1 1 9.61.1
7.870.56 132.88.9 0.4600. 144 1014.0103.5 2 7.61.6 7.940.47 134.76.1
0.4030. 021 947.061.6 3 8.91.6 8.650.15 148.23.8 0.4390.015 744,7107.0 Cell
density in fibers was significantly reduced (p<0.05) in U937/gth

cont ai ni ng wWo bwr/s238¢8eat ed with the hi gh dose of PLURONPCESE2001@83%onpar ed
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i nhi bi t or SpnpijiveHpmphwned cel dinedUa87 fgibaned yisiestigled int aliaslldimesi er been
denonstrated that a nore limted nunber (10) of human tunor cell lines
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in the U.S., where a cell line panel with approximately 60 different cell lines

(representing most forms of human cancer) is commonly used to define the
activity prbﬁle of a new compound [4]. The cell line panel can successfully
classify agents as being related to a specific mechanistic group (e.g.
antimetabolites, alkylators, topoisomerase II inhibitors) by the use of
correlation analysis [5]. It has carlier been demonstrated that a more limited
~number (10} of human tumor cell lines representing defined kinds of
cytotoxic drug resistance can successfully be used for the initial evaluation

~ and preliminary mechanistic classification of anticancer agents [6].

Tumor cells can gain resistance to cytotoxic drugs, and examples of known
~ resistance mechanisms are the P-glycoprotein (Pgp) a_nd multidrug
- resistance associated protein (MRP), increased activity of cellular

detoxification systems, altered function of nuclear target enzymes like

topoisomerase II (topo I} as well as altered tubulin binding/function and
subcellular redistribution of the drug. The cell line panel used contains cell

lines expressing some of these phenotypes [3].
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cell's arexafoBldrataki[yp nodel systemthat has received relatively little

attention in the context of new drug screening and devel opnent. However,
It has been denonstrated that in vitro assays perfornmed on primary

cul tures prom-6 'ctﬁt%fr@@bf Hﬂfﬂiﬁﬁ taRidretatesreeh laltehh Ative hhdted dystaiBhat ype
specific activity [8]. Conbining different cytotoxic drugs and creating
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perforning an terpreting preclinical studies on drug nteractions have
been pr opwséetmed/ven ptimnaryt cuMvges dremadiferentfdmarsi eorzeiabenaralbmithar e

v )30 Sk For SRACSILAAL LOfy e Tl {1 pL1 cat) ve concept” (addi i ve
conbi nati on of two drugs whi ch resul ts in a survivi ng fraction that equals
e DroUgL Poe UYL Mo lReLR0E, ool SR YR roptbiGlpyey d
conbi nat i jpehiingsahSoliids aHdt inareasd deag, upt"ahe omeﬂm@effeoms 8 gpwangi sti c.
| field in cancer chemotherapy. Numerous methods of performing and
interpreting. preclinical studies on drug interactions have been proposed.
When data from single agenis and their combinations are available at fixed
concentrations, the “multiplicative concept” (additive model) is commonly
" used. Here, an additive interaction is defined as a combination of two drugs
Which results in a surviving fraction that equals the product of the surviving
fractions of the single agents, which would indicate an independent action of
the drugs [9]. If the effect of the combination surmounts the additive effect,

the interaction is synergistic.

To evaluate the activity patterns of the drugs a human cell line panel of four
sensitive parental cell lines, five drug resistant sublines, representing
different mechanisms of resistance, and one cell line with primary resistance
was used. The cell lines included were the myeloma cell line RPMI 8226/8
and its sublines 8226/Dox40 and 8226/LR-5 (kind gifts from W.S. Dalton,
Dept of Medicine, Arizona Cancer Center, University of Arizona, Tucson, A7),
the lymphoma cell lines U-937/gtb and U-937-Ver (kind gifts from K.
| Nilsson, Dept of Pathology, University of Uppsala, Sweden), the SCLC cell
line NCI-H69 and its subline H69AR (American Type Culture Collection;
ATCC, Rockville, MD), the renal adenocarcinoma cell line ACHN (ATCC} and
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four sensitive parental cell lines, five drug resistant sublines,
representing different nechani snms of resistance, and one cell line with
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The cell lines were grown in complete culture medium described below at 37
°C in humidified atmosphere containing 5 % CO2. The 8226/Dox40 was
treated once a month with doxorubicin at 0.24 pg/ml and the 8226/LR-5 at
each change of medium with melphalan at 1.53 ug/ml. The U-937-Vcr was
continuously cultured in presence of 10 ng/ml of vincristine and the H69AR
was alternately fed with drug free medium and medium containing 0.46
pg/ml of doxorubicin. The CEM/VM-1 cell line was cultured in drug free
medium without any loss of resistance for a period of 6-8 months. The
- resistance patterns of the cell lines were routinely confirmed in control

experiments.

Human prostate cancer PC-3 cells were obtained from the American Type
Culture Collection (Rockville, MD). They were grown in Dulbecco’s modified
Eagle medium supplemented with 10 % fetal bovine serum, penicillin G and

streptomycin.




continuously cultured in presence of 10 ng/m of vincristine and the H69AR
was alternately fed with drug free medi um and nedi um containing 0.46 pg/m
of doxorubicin. The CEMVM 1 cell line was cultured in drug free nmedium
wi t hout any | oss of resistance for a period of 6-8 nonths. The resistance
patterns OKVQW@"E@*G# lines were routinely confirmed i nPE&REFST/000392
experiments. Human prostate cancer PG?3 cells were obtained fromthe
American Type Culture Coklggad i -(HRIGEY tdBor M) ggey were grown in
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Table VIII - Human tunor cell lines Cell line Origin Selecting Associ ated
agent resistance CCRF-CEM Leukeni a CEM VM 18g€HBkeni a t enirpgistanece

t opoi soner g ERFICEMCHN Renal cglddgel prinary resistance NC=H69Smatt cel |

| ung cancer_ H69AR Smal | cell |ung cancer doxorubicin MRP RPM 8226/ S

Mel oma 8238 MoX¥ 1My el ona BOXREIDIR ci n Pgp tesipsideRs M/wipohwoeiashdl an

gl utat hione A¢RR7 GTP Lynphome.dkQ37-ver Lynphona vi né{ihi%igr} gl%tgulci:en PC- 3
Prostate cancer A conpl ete nmedi um consi sting of carbonate fFEPed " Sul ture
medi um RPM NGI8A69( Hy GPotedl cadl hing aammenr, UK) suppl enented with 10 %

 nact i vated FEBAR 2 Msglf i Afng BhaY ™ adordbigR! OmYel N §gp00 PO/ Nt of

penicillin

RPMI 8226/S Myeloma
8226/dox40 Myeloma doxorubicin Pgp
8226/LRS Myeloma melphalan glutathione
U-937 GTP Lymphoma
U-937-ver Lymphoma vincristin tubulin
PC-3 Prostate cancer

- A complete medium consisting of carbonate buffered culture medilim RPMI-
1640 (HyClone, Cramlington, UK) supplemented with 10 % inactivated FCS,

2 mM glutamine, 50 ug/ml of streptomycin and 60 ug/ml of penicillin was
used throughout for cell lines. FDA (Sigma, St Louis, MO) was dissolved in
DMSO and kept frozen (-20 °C) as a stock solution protected from light.

The test compounds were dissolved according to the Table IX below.




used throughout for cell lines. FDA (Sigma, St Louis, M) was dissolved in
DVBO and kept frozen (-20 C) as a stock solution protected fromlight.
test conmpounds were dissolved according to the Table | X bel ow. WO
2007/ 123468 PCT/ SE2007/ 000392 36 Table |1 X - Test substances Copol yne
Anmount ageRfO t¥Y1IB3HE (g) NaC (9ng/ 1) (g) 95 % Et OH (gPCTEER0008392 O 0 2
L121 0.6 1.0 0.2 F38 0.6 1.0 0.2 F1¥7 54 1 F68 54 1 T1307 0.6 1.0 0.2

P1050612P84061002nglﬁﬁrgst(glﬁ)s@angé523061002 F88 0.6

1.0 0.2
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dilutions fF3& these wer@bmade with phosphate Huffered sali n@.X PBS; Signm
Aldrich) t —ear sol uti g;’l Tum)r cells were sgeded in the d[ug pr epar ed
96-wel | plates at a cell densit of about 20 000 cells/well.

f1 uoronet ri cF@8crocul t ure Tyt ot OXI city assay (FMBA) based on 1

T1307 0.6 1.0 0.2
P105 0.6 - 1.2
P84 0.6 1.0 02
F87 0.6 1.0 0.2
P123 0.6 1.0 0.2
F88 0.6 1.0 | 0.2

The major part of primary screening was made on a first batch of substances
(F127 and F68) dissolved in sodium chloride and ethanol only. In several
experiments the activity was compared between copolymers dissolved in
“NaCl and ethanol and dissolved in PEG and ethanol, and there were no
significant differences in potency. For simplicity the concentration of test
substance in all received vials is assumed to be 50 % w/w. Further dilutions
from these were made with phosphate buffered saline (PBS; Sigma Aldrich)

to clear solutions.

Tumor cells were seeded in the drug prepared 96-well plates at a cell density
of about 20 000 cells/well.

A fluorometric microculture cytotoxicity assay (FMCA) based on
measurement of fluorescence generated from hydrolysis of FDA to
fluorescein by cells with intact plasma membranes and as previously
described in detail [16] were used. The plates were incubated at 37 °C in
humidified atmosphere containing 5 % COz for 72 hours. At the end of the
incubation period the plates were centrifuged (1000 rpm, 5 minutes) and the

medium was removed by aspiration. After one wash in PBS, 100 ul/ well of




measur enent of fluorescence generated from hydrolysis of FDA to
fluorescein by cells with intact plasma nenbranes and as previously
described in detail [16] were used. The plates were incubated at 37 Cin
hum di fi ed at nosphere containing 5 % CO2 for 72 hours. At the end of the

i ncubat i on VY20 BER34Be pl ates were centrifuged (1000 r pRCTBENTINIE) and t he
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coefficient of variation e control wells of less than 30 % and
"nore than 70 %tunor cells in the cell preparation prior to incubation.

Experi nmen . d twce, an, val ye re used throughout. Cell
survi val @%ﬁ%?@ﬁ%@%o%ge VEaVARTE ﬁl&é‘}é’sfssmauaggiﬁéﬁl%??%ef pigspbdeence
in the exteriawentall wells| sf i mopertiventivel tirhed mBahnBIEAAtF e8] | Seai th
val ues igoe%fﬁg” Bga?k wells tracted. All cell line experinments were
per f or med At "L EASt VENEHP Y] ntheconirgl wellg<ofi lges dhan 3G % sadameirgsi s.
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cont ai ni n% data fromnore than 150 different” conpoun ng the nost
conmonl y TERYIAGEET %re PsHfered tease.ihran yakynssare used tsougheutal cul at ed
for every drug and cell line, defined as the drug concentration inducing a

survi val ‘jaglgex of 50 % using sinple |og-linear regression. The set of ten
| C50 val sPgYiveh thPErssg i escBiviral tindexdShgdPbaed g thee fupedsathon

g g?;LLELQQ}:Eh(?\’rr\%}EﬂEdrH@n&Q %&Wﬂélﬂgeﬁ"ﬁ&?ﬂ%&tinf{h%r%OafilLtll‘Olo\%IQﬁé, SHaF, g the
'in the blank wells subtracted. All cell line experiments were performed at

least two times, and all data was included in the analysis.

Data from the cell line panel experiments was compared with a database
containing data from more than 150 different cormnpounds including the most
commonly used cytotoxic agents. For this purpose, an IC50 was calculated
for every drug and cell line, defined as the drug concentration inducing a
survival index of 50 % using simple log-linear regression. The set of ten IC50
values for each drug was correlated using Pearson’s correlation coefficient
with the corresponding data set from all other drugs in the database. From
these IC50s an activity pattern was also displayed using Delta, defined as
the deviation of the log IC50 of one cell line from the mean log IC50 in the
cell line panel. These calculations were performed according to Dhar et al [3], |
modified from the procedures used at the National Cancer Institute

(www.dtp.nci.nih.gov).

Concentration-effect data from both the cell line panel were fitted to a
sigmoidal dose-response equation with variable slope, using non-linear
regression in the GraphPad Prism software (GraphPad Software, San Diego,
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bet ween tie HECH0 in the¢ hesisegitstrahpasmdapeglblitalinabé lcellilite: pairs i®). cel | |ine
pairs [3]. The conmpounds retained their cytotoxic activity after 4 weeks
storage in mcrotiterplates at -70 C. The concentration-effect curves were
simlar wWilme copipoguplsaresinddtthbadcheeskist artbdtyl afteé Aepkskanrtorapeninusi ng
freshly prepared plate own). The concgntration-effect curyes for
all test edKEARERRIFLSS AL U%@%r e Briceratiorne §.crYes Tirke SURHeE i
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| C50-val ues are sh]%gn in '&bl e X below. Wien sanples dissolved in

NaCl / Et OH RESRSE@IRESL 9%&We conpared similar results were obtained
(not shown). Table X - 1C50 val ues for copolynmers Copol ymer 1C50 (% w w)

L31 0.042 11307 0.0085 F38 0.35 P84 0.045
e concentration-effect curves for all tested compounds in U937gth are

shown in Fig. 11. The respective tested copolymers are individually depicted
in the Figs. 12A to 120. The IC50-values are shown in Table X below. When
samples dissolved in NaCl/EtOH and PEG/NaCl/EtOH were compared

similar results were obtained (not shown).

Table X — IC50 values for copolymers

e .. e
e —— R R E———————————————————————

Copolymer _ IC50 (% w/w)
L31 0.042
T1307 - 0.0085
F38 0.35
P84 _ 0.045
- P105 0.053
Li2t* 0.0029
F68 1.7
F127 0.0037
F87 0.094
P123 0.0067
F88 0.13

- - — ————————— —— - — —— ———————————————
*L121 precipitated upon dilution in PBS to yield a milky suspension,
considered adequately homogenous for testing.




P105 0.053 L121* 0.0029 F68 1.7 F127 0.0037 F87 0.094 P123 0.0067 F88
0.13 *L121 precipitated upon dilution in PBSto yield a m|ky suspensi on,
consi dered adequately honmpgenous for testing. WO 2007/ 123468

PCT/ SE2007/ 000392 39 Once again, the results confirmthat PLURON C(r)
copol ymer WRHY3%Ger age hydrophilic content of abouPCEBEEMRPHYWIBy far the

| owest anti-cancer effect. The EC50 Por all cell lines are presented in
Tabl e XI fOncd bgainhthe rowals cohfiest i mbm@sco%%kﬁﬁéﬁ%iﬂ o %{%?Jagﬁ Xl
Figs. 13A.to, 13C are graphi resentations_of the results. Table - EC

hi.cal
50 Acti vi t379rRPRHiE caten Pﬁégﬁ%gP Yedas by fas thedowest antiycapgtr oot w) L121

% AR . - 2 CHN 00095
0.00031 G089 NG ibo =1 6 0018° TISEETE eIl gt Aot

<<0. 0016* REFHED sEPLYMErssdedod Aven Pablg1¥l. Figs28B80sct03C 678 ghafiditd]

<<0. 0016* 1822 frhkiBAs BrOR4 09945 0.00012* U 937 GTP 0.0011 0.0012 0.00012*
U-937-ver 10,0032 0. 0011 0.6001* PC-3 0.027 0.00076* <<0.0016*

Table XI - EC 50 Activity in the cell line panel

Cell line F127 (% w/w) P84 (% w/w) L121 (% w/w)
CCRF-CEM >1 0.022 0.0018
CEM/VM-1 >1 0.0020 0.0020
 ACHN 0.0095 0.00091* 0.0019

NCI-H69 >1 0.0018 0.00061*

HG9AR 0.0028 0.00003* <<0.0016*

RPMI 8226/S 0.017 © 0.00075% <<0,0016*
8226/dox40 0.078 0.0014 <<0.0016"
8226/LR5 0.024 0.0015 0.00012*
U-937 GTP 0.0011 0.0012 0.00012*
U-937-ver 0.0032 0.0011 0.00012*
PC-3 0.027 0.00076* <<0.0016*

——
Approximated value, curve-fitting not possible.

‘The substances were tested down to a minimum concentration of 0.0016 %
w/w. ECS0-values below this are estimations from the linear regression
analyses allowing extrapolation of the curve. When curve fitting was

inadequate and a majority of cells were dead at the lowest concentration
ECS50 <<0.0016 was used.

It will be understood by a person skilled in the art that various modifications
and changes may be made to the present invention without departure from

the scope thereof, which is defined by the appended claims.
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rectal cancer, wherein an averagQ%Lg gnt of said ethylene oxide

- constitutes |l ess than 80 % of said anphiphilic block copolyner and said
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suffering . fromcancer with the proviso t cer 1s not colon or

r ect al PE@fieerthat faid sancan isivet agpdor omt wetalofarsaird whtelnginear averaig: |
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.. hydr opholeichestdthleeameutixagentsi de pol ynmer chain and a second end connect ed

to at |east one hydrophilic ethylene oxide side polynmer chain in the
manuf acture of an anti- cell-proliferation nmedicament with the proviso that

said c2l| Wse ndtard 60pRIPHMc block copolymer having a central hydrophobic
polymer chain with a first end connected to at least one hydrophilic ethylene

15 oxide side polymer chain and a second end connected to at least one
hydrophilic ethylene oxide side polymer chain in the manufacture of a
medicament for reducing a growth rate of cancer cells in a subject suffering

from cancer with the proviso that said cancer is not colon or rectal cancer,

wherein an average content of said ethylene oxide constitutes less than 80 %

20 of said amphiphilic block copolymer and said medicament comprises said
{ ) amphiphilic block copolymer or a mixture of at least two amphiphilic block

copolymers as the sole growth rate reducing agent.

() 3. Use of an amphiphilic block copolymer having a central hydrophobic

| 25 polymer chain with a first end connected to at least one hydrophilic ethylene
oxide side polymer chain and a second end connected to at least one
hydrophilic ethylene oxide side polymer chain in the manufacture of an anti-
cell-proliferation medicament with the proviso that said cell is not a colon or
rectal cancer cell, wherein an average content of said ethylene oxide

30 constitutes less than 80 % of said amphiphilic block copolymer and said
medicament comprises said amphiphilic block copolymer or a mixture of at
least two amphiphilic block copolymers as the sole anti-cell-proliferation

agent.




rectal. cancer cell, mhérein an average content of said ethyl ene oxide 30
constitutes less than 80 % of said anphiphilic block copolyner and said
nmedi canment - conpri ses sai d anphi philic bl ock copolymer or a m xture of at

| east two anphiphilic block copolyners as the sole anti-cell-proliferation

agent. 42 4. The use according to any of the clains 1 to '3, wherein said:

anphi philic block copolyner is repr4@sent ed by formula (1): 5

HO ( CH2CH2O) n- ( CH( CH3) CH20) m (CH2CH2O) p H (1)
i nt eger nunbers. 5. The use according to claim4, wherein m n and p are
sel ected so that 44x(n+p) < 0.8. 44x(n+{)) +58xm 6. The use according to

claim e, udwreigceridiamgphipldhy of the

£-or The Yisereiording © any ef the clninm,

cl ai ms b]oélgc@f(g el ??%gﬂ%@gﬁ?fqﬁul 4 yl ene oxide content of said
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6. The use according to claim 4 or 5, wherein n is equal to p.

7. The use according to any of the claims 1 to 6, wherein an average

- ethylene oxide content of said amphiphilic block copolymer is at least 40 %

w/w but below 80 % w/w.
8. The use according to any of the claims 4 to 6, wherein an average
propylene oxide content of said amphiphilic block copolymer is at least 2 000

g/mol.

9. The use according to claim 8, wherein said average propylene oxide

content is at least 3 000 g/mol.

10. The use according to claim 9, wherein said average propylene oxide
content is in a range of 3 500 to 4 500 g/mol, preferably about 4 000 g/mol.

11. The use according to any of the claims 1 to 10, wherein said

~amphiphilic block copolymer has an average molecule weight of 12 600

g/mol, an average ethyiene_ oxide content of 73.2+£1.7 % and a melting point
of 56 °C.

where m n and p are each

eas 0 % ww but below 80 % w w. 8.

| east 2

propyl ene

content is at least 3 000 g/nmol. 25 10. The use according to claim

9, whergin_ said average propy]ene oxide content is in a range of 3 500 to
Wﬁ#ﬁanpPé¥5f85$9egﬁgdghﬁmﬁéﬁuﬁ?ﬂﬁt. 11. The use according to any of

~the clains 1 to 10, wherein said anphiphilic block copolynmer has an

aver ag nn&gcule mg%ggt of 12 600 30 g/nol, an average ethyl ene, oxide

cont en 3




43 12. The use according to claim1l, wherein said cancer is selected from
a group consisting of renal cancer, |ung cancer, nyel oma, |ynphoma and
prostate cancer. 5 13. An in vitro nethod of nodulating a proliferation
rate of a cell with the proviso that said cell is not colon or rectal
cancer cell, said nethod conprisingzcontacting said cell with an

anphi philic block copolyner having a central hydrophobic polyner chain

Wwth a 'Ei rﬁ% end connected to at | east one hydrophilic ethyl ene oxide side
t2ch

pol yne 1h UshcReroséiventy eldmi b 1cwinescineshid coaatcet dasseleotad Frpos @phi | i
et hyl egﬁ)@(!c%‘ﬁsfét%%t RP! IR Chfep, luﬂ%gf ;cg%?ﬂg%}/ogﬁ%g o %ﬁ}% a%{doiﬁ' d

et hyl ene oxi de co itutes | ess than
copol yREqstateqcargies. net hod according to claim 13, wherein said celM is a

cancer cell but 15 not a colon or rectal cancer cell.

5 13. An in vitro method of modulating a proliferation rate of a cell with the

proviso that said cell is not colon or rectal cancer cell, said method

comprising contacting said cell with an amphiphilic block copolymer having

Ty -a central hydrophobic polymer chain with a first end connected to at least

~one hydrophilic ethylene oxide side polymer chain and a second end

10 connected to at least one hydrophilic ethylene oxide side polymer chain,

15

wherein an average content of said ethylene oxide constitutes less than 80 %
of said amphiphilic block copolymer. '

14. The method according to claim 13, wherein said cell is a cancer cell but

not a colon or rectal cancer cell.




