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Background of the |Invention 01 NOV 2002 The present invention is

concerned wiVA 9B Traceuti cal conpositions 5 10 15 20 ( 25 30PGT/AVANIE2Y of
the treatnment of cancer, and in particular, wth pharmaceuti cal -
conpositions containing vitamn D or a precursor, anal ogue or netabolite

t hereof and the use of these conpositions in the treatnment of a wmmu’l“mulmmml
subject. Vitamin Dis an isoprenoid conpognd made up of activate i

units. The nost abundant form of vitamn is vitamn D3, or 166166
cholecalciferol. Vitamn D3 arises from bi osynt hesis of

(-dehydrochol esterol, an internpglighLcditicdl CAApBEIHoL! OSYNt hesmnwm“m&mmwu
D3 is nmetabolised in the liver to 25hydroxychol ecal ci ferol [25(

is amjor formof Vitamin Dcirculating in the bl ood conpartnent. 2800002
(OH) D3 is converted by the kidney to produce two principal dihydroxyl ated

met abol i t es, mhﬁmdo@% nyektanc hol ecal ci ferol [ 1, 25(0H) 2D3] and

24, 25-di hydr oxycholecarcrterol [24R 25 (O)2D3] . 1,25(0H) 2D3 is the nost

bi ol ogi cal | y act i Therpresent inveptionris cagcemed with phanmacepticahgompositions
transporfed in.t | gpdstream to.its majan.site..of yacti.on {n the cosal
cells oS the shiebls F‘?{g?‘eaﬁ%ﬁéﬂ%‘if’éFﬁﬂ?%{bjgg%f‘ipo“rwlgy%tY" Bpdgmeyical
vitanin D3 mayrhicodifeAs BedtaAfink AtARMH D6ea BRIANSE!, ahalcpueiRbldblite a
net abolite that ‘acts anal ogously to a sterold hornone. It regul ates cal cium

and phosphor dhsrevfeadoihesusepaf theseicamippsitionshia therfreatmientef a hwumonibr gani ¢
matri x of bones., System c adm nistration of high doses of vitamn D3 or its
met abol i tes i85k t ed by the production of hypercalcaema. This has led to

the devel opnent Of\ligs{}f}ix{)%%hnoiIngfétﬂoY@E%ﬁlﬁﬁ'lﬁﬁf‘}dﬁdQ Ll(;pgf adiv&iad R¥&ben

greater effect on c gr owt n on cal ¢ci um net aboli sm These conpounds
have bea® fouwmits. THeemest ebtndent formhef vitdrtn Diisrvitamigy Bwtdr clfolecalaiferol.

O 90/ 56607 2V RREER Sb ArEeB N OIoWILREYiS ! Fctocior e terol MARieBRAas hat
tumors in Cerihaer{blegtg?cgzoigggli%lggignvi miR'D B e AbS1EEE PR IRE TiveH 926, | N the

|iver, can be treate del1very of high concentrations o
1, 25( OH) 2D3 thydiosyelidlectledfesslan(@H)Bjuwhighvis mgmajoreform &f Viitamind caeni a.

oL St SRSk G35 aSBgerGRE, FJOD. R c TRy B
15 to produce two principal dihydroxylated metabolites, namely, 1,25-
dihydroxycholecalciferol [1,25(OH),D,;] and 24,25-dihydroxycholecalciferol
[24R,25(OH),D;].
1,25(0H),D; is the most biologically active naturally occurring form of

vitamin D, and is transported in the bloodstream to its major site of action in
20 the mucosal cells of the intestine, where calcium absorption is stimulated.
Thus vitamin D, may be regarded as a prohormone because it is converted to
a metabolite that acts analogously to a steroid hormone. It regulates calcium
and phosphorous metabolism particularly in the synthesis of the inorganic
matrix of bones.
‘ 25 Systemic administration of high doses of vitamin D, or its metabolites
is limited by the production of hypercalcaemia. This has led to the
development of analogues of activated vitamin D (D;) which have a greater
effect on cell growth than on calcium metabolism. These compounds have
been found to be effective in the inhibition of growth of breast, rectal,

30 colorectal and prostate cancer cells.



reference, discloses a nethod for the treatnent of |iver cancer %&Afﬁé’aﬁﬁﬂbf
regi onal delivery of vitamn Dor its netabolite or analogues to the |iver.
The effiect IMOIMI®N93 is very dose dependent and there is ther BEDAY99/00323
advantage in delivering higher concentrations of vitam n D conmpounds such
as 1, 25(0OH)2D3. However, the limted solubility of vitamin D and its
precursors, anal ogues and netabolites in a conventional carrier such as )
wat er places an upper limt on the concen%rati on of the conpound that can
be delivered to the organ. Delivery of vitamn D3 infra-arterially in a sb5
conventional carrier limts the vitamn D3 concentration in the bl ood going

to the |iver Disclsur@ef thidinveitioa per litre. W have found that very high
concentrations of _vitamn D conpound sych as_1,25(OH)2D3 can be achieved by
di ssol vi ng 1, 25( OWebsve found ﬂpﬂtd}lmqs‘ﬁ ip,coRgiR Organs, §or exmple, psing

oil. Afurth Lt f, |tamn
D conpound i g’ ?‘E’g%ﬂ& %rlglusll{zﬁ;% gq’gg'n%cag“%ra ec?FQ} 59% lt%glla é:lzli‘]% ﬂgllg}l‘ovm ng
t he achi evengphcentrifibits bf 9/25(0OM)D Lot dffedted g mmamgivia% rid@teover)
we believe that the use of a lipid as the carrier for the vitamn D

conpound res Lhytpﬁmaice@m&mtﬁeppiwrﬁﬁtqommdmerlmrmh@aﬂl HipplicationMo.vi t anin D

conpound and r nsi, 2 aon peri ods
wi thin the t&;r%k;f/ Aﬁ%@@ﬁ%d‘ﬁy d%C%g‘l P rf(s)‘&h%glpléc'clgl Oﬁﬁirxbedsg%rﬁf‘gﬁ%enti on
provi des a ph@fdfaﬁ@éltdxsabsmmhbmar&w trebtrReivsf Hver ¢dhcePBylheansent of
cancer cells in an organ by regional delivery of the conp05|t|on to the

organ) the caosapiesial dehvercofindtangimDon idsimetabelitepenanplaoguesdto the liver.

h i || 01 . V.0lJ ?2~0? WO 99/,566 RPCT, 0032 bl
ol @) wier o1 n 1 ndREHIRAHSHCRITRGHS Jf VPRLAGPe depRn it M S i Crfietc = ©
conposi {4 ON igdvah naa%rgggmtghér éoﬁ@entré!ﬁbﬁs BEVithidiA D com nub.%ukﬁr m

"vitam n D conpoun we | ncl he biologically active and | nactive forns
of vitamn DasmESQQH)azilﬂangwa’pdhﬁdmm?dts@hd)mtpDécrunm:lnDnadatn)l ite or

I f t Th ta d I h
nti - furor pridBERHOE, aoloENAs A TeBEOHBEtha GHyeBBoBALPoEAr SHF B, Watet
25(0H) D3 or %ﬂ»l&é&ﬁﬁ tigper %%h%e@or@@ﬁh‘ﬁﬁ%ﬁsoﬂé%e\ﬁ hinPthdidadde but

are not restricted to, "E81089 22- oxal, 25( ZD3)) 1a 25(0OH)2) 22,24
di ene, 24) 2aielizv7ered|to¢h@om,n m@mmof vitamingdoy mtmprtanallmmaso 1 25

(OH) 2-16-ene 23- amn n hexadeut er o f Vil t
compound® may CER-!" Lcﬁﬂl%ﬁ)s‘&ﬂsg% "!5}3 alﬂb?%‘f ntﬁgr B} gomg £ to
concentrati onuﬁfh‘yértt@rgtqnggtq@mgglgj?éphﬁ@e conposi tion of the [ nventl on is

at | east about 1 x 10-B nole per The 15 concentration of vitamn D
conpound nmay be atWedmsie fabndtthdt werythighwiancpatrations of vitamiodd compeundn

Teast 1 x 10 Sicforet palORtheanbe rofeved by bireehing Ot s Folg rD
conpound i s a&fﬂiﬁpgeérﬁn \Ag&lsba ahoh-iftised Bi1E &%rmb{]a&varﬁaﬁfbphﬁr%bdﬂon%

i pid used is one Ich the tunor 1s avid so that high concentrations
of the 20tam the[l:amepﬁmnﬂ]eantanmi Dusmepound i$ thatisome oils adaacrmcﬂntmtaﬁenher

Lhe umr bl 1g,speated.l LR nel) A SR dose oL LRL SRy e
of vitamin D,. Moreover, we believe that the use of a lipid as the carrier for
the vitamin D compound results in a sustained antiproliferative activity of
the vitamin D compound and the compound is retained for considerably
25 longer periods within the tumor.
Accordingly, in a first aspect, the present invention provides a
pharmaceutical composition suitable for use in the treatment of cancer cells
in an organ by regional delivery of the composition to the organ, the

composition including a vitamin D compound and a pharmaceutically



pl aced catheter. A tumor that is not lipid avid is unlikely toQdedéti 206 om
the 25 treatnment to the sanme extent as a tunor that is avid to the the
lipid used. MH4AYr maceutical ly acceptable lipid may be an JRGT/AJ99/00323

non-i odi sed oil is preferred. The non-iodised oil may be any
pharmaceutically acceptable oil in whicHB the vitam n D conpound i s sol uble.
The non-iodised oil nay be a ' vegetable oil. The oil may be) for exanple,.

Cr emyphor e, “tq7RS 168, tespiiir EfiEntlaliondt the YRk  cdifpBtthaghy
99/ 56697 P@Hé&&ﬂ?@ﬁm i g}béteﬂmlafaxbabd@tmem’fﬁwrépbahkrd i ver oil including

squal ane and squal ene. The |ipid may be medium chaln triglycerides (MCT).

*An i odi sed oi | sﬁ&m%ﬁer%a?lﬁfﬁﬂlfpmﬂﬁééﬂd" we ipcludeths biolagicaly astive

however) th has. th f ¢t ~of und nore 5
Light sensi %Pdggaé}ﬁé ﬁ%rf}’sa&r?g 'ﬁé’; Ph "{‘lﬁ?ﬂt nﬁhgﬁcx{’{p%:ﬁﬂ% Eﬁ’(qg;fogt hese oils
prepar gd W plediissrBertibbif) dvardlegid abvitagiit /i Tleé vitafGAT Sohdpduid ng) but
not Ilmted t o, nat ural and synthetic phospholipids, Spans) Tweens or

Pl uroni cs. WayHeseny snalpguediavieg gnhrgneiopropertias. U vidamin ) campeupid am n

eadt 1y di SR FAGRE R, A EAPIE prol AT Huba: drefinlhs o7 wRR RSN i ng

a conposi ti fitabliAtD ix?cl{iaéeb@a‘éx%cxidt\/z@stribtéa@otEmwrmcwf(zmamtS the higher
concentrations of vitan n D conpounds achi evable in the conmposi tion of the

i nvention pr‘ic%l(GH)fDﬂet@ﬂﬁ@ﬂ)pﬂzt%dmevBﬂa%,rﬂﬂrmmom MGADZh is

rel eased ov hu n adm.ni stratiop,of the
Composttt on CaktireRioN A REBBhCE 26 Ror2fIEaR doov e Thand i, | o
capabl e of peQydéliteth firgherhe oitarith ThEGRY ?@uaﬁ mayai@ﬂt&?mxeng@r%n active
forms of vitamin D nmay be used to treat nors. Al though at | ow

concent r at | @nslagnedhermofnon- active forms may not be effective treating
tunors) at very h entrati t he one effective. The

conposi tion of tﬁﬁ?%@gﬁ&%ﬁo%vqf%ﬂ’hglvﬁ%ﬁE:gcgﬁ’é) %rfﬁlr"é" ot her
conponents. cEHﬁ)dQ{tﬁﬁ?BP tOTRRNItIONOR JFI¥ast aBbat A )@1@5'}‘&518% litt@tThe capabl e

of increasing vitam n D receptor expression. The conposition nmy 25 i nclude
an est¥Sogen coasentm@tm bf kitauumid cathpoundsmay feratdaastrhauitl x THE malepenent

My be L amp e concentition' may bhat 185st b3t 1% 163 3hotd pemiitte pns ecONIarY
concentration may be at least 1 x 10"° mole per litre. A preferred
~ concentration of the vitamin D compound is about 1 x 10° to 50 x 10° mole
per litre,

20 Preferably the lipid used is one for which the tumor is avid so that high
concentrations of the vitamin D compound are delivered to the tumor. To
determine whether the tumor being treated is lipid avid or not, a-small dose
of lipid may be given into the hepatic artery by a percutaneous or surgically
placed catheter. A tumor that is not lipid avid is unlikely to benefit from the

25 treatment to the same extent as a tumor that is avid to the the lipid used.

The pharmaceutically acceptable lipid may be an oil. A non-iodised oil
. is preferred. The non-iodised oil may be any pharmaceutically acceptable oil
in which the vitamin D compound is soluble. The non-iodised oil may be a

vegetable oil. The oil may be, for example, poppy seed oil, soybean oil,

30 sesame oil, safflower oil, peanut oil, cremophore, Liposyn or Intralipid. The



any organ to which the conposition can be adm nistered by regig i nnng
del i very. 01 N O~ 2QQ2 WD 99/56697 PCT/ AU99/ 00323 5 Accordi gﬁ'y“”thé‘”
present” i nvaMO9emedurt her extends to a nmethod for the treat meprcT/abowmodsesror
in an organ in a subject) the nethod including regional adm nistration to
the organ of a conposition in accordance with the present invention. 5 The
regional delivery may be by means of infra-arterial delivery, for exanple,
by infra-arterial infusion. Alternatively, the conposition of the invention
may be delivered to the portal vein. The tunmor nmay be a primary or
secondary tunor. The organ treated nmay be the liver, breast, prostate) bone
tunor or ki déftymay be deetiredsiroiroshark livee dibhitmbuding spulatsandequsledel Dhe r eat
so colorectal cancer or sarcomms. The nethod and conposition of the present
i nventi on ar ipphmayche mediusuchaip wiglygeridns @Meddnent of hepat oma. The

exanmpl o, 1 odi sed S Tfiean i SH6h ¥ fodiled vyl R IEBHo RN b, o1 on
of vitani n Dheq@RetHe id@indkasBideffectioftrigkingbatviiminel deenpapfbhfieat

monthly) or other, intervals. It will be readily apparent that the
conposi bi on light sengiiveof the present invention provide the capability of

delivering very high,l ggal cencentrationof vitamn ubst.ance del { vered
by the compos 1 ohBeMTRaneY BEGRLP ToiRidtn dirhRTel of efoPersfid o anc
whi | st avoi digith pRafvREs PH¢AREAGGptable ®AalsifyPngBEénts #hélndigs ittt he
invention we provide the foll'owng non-limting exanples. Brief Description

of the Drawi higaited tasinpinealandssyntpatic phraspholipids: Spansr Tweane oo Pluioaics.

howi take of lipiodel b & cell d t di ith 1%,
o1 odal or it nov¥e RrR St pAiern el ErBr et rted” o aiand wiiatlp i inne
Ol redgO t egipibddiCcan & dERiedell SFEr exaRPles 2owig T 1,30EYD) Ban Be readil

incorporation’in Hep& cells after 5 days treatnment with different doses of
vitam n D3 i dissolvesl in odéd nil-of iodised-poppy-seed vid 99/ 5669? PCT/ AU99/ 00323 6

. - s or L i o ’ g xxx -
gﬁgl g(r)nl(usi )ngotrmbgupl' 1ag/%}rlp_l ggr%ic_h(ng% ébm\{)%lm $on HS rigsn%]rtee active in the (

treatment of tumors, the higher concentrations of vitamin D compounds

et

achievable in the composition of the invention provide a reservoir of the
15 vitamin D compound, which is released over time, thus allowing for "one
shot" administration of the composition.

Furthermore, because the composition of the invention is capable of
providing higher concentrations of vitamin D, even non-active forms of
vitamin D may be used to treat tumors. Although at low concentrations these

20 non-active forms may not be effective treating tumors, at very high
concentrations they may become effective.

The composition of the invention may further include one or more
other components. The present composition may contain a component that is
capable of increasing vitamin D receptor expression. The composition may

25 include an estrogen, estrogen-like compound or estrogen antagonist. The
component may be tamoxifen.

The composition may be used to treat primary or secondary tumors in
any organ to which the composition can be administered by regional

delivery.



Fi gure 3 provides bar graphs depicting cell counts per well céCNO\ﬁC?fﬂUBoI)
after_l—jep@vgﬁllgéﬁ w_e?re exposed to vitamn D3 for 5 days vmth iffere
doses of vitamH~%3" di ssol ved in normal nedi um (a) or in 1%H’5T6H8?’°‘{353
Val ues represent neant s.e.m (*** = p<0.001 using unpaired ttest). Figure
4 provides graphs showing [3H thym di ne incorporation in Hep& cells after
one day exposure to different doses of vitamn D3 in normal 1o medium (-1-9)
or in 1%Ilipiodol (--Q), followed by 4 days exposure to nedi um w t hout the
drug. Values represent nean ~ s.e.m (*** = p<0.001 usi ng unpaired t-test.
Figure 5 provides bar graphs show ng cel | ﬁ;\ts per V\g (9"0o_cantrol)
after Hep® cel | shorordinglyothaipresen IWQW ither exlengs tea Imth@dtfamthm 13

's5 di | ved |

days oxposur FeruietBts FiRoR I phlorgen 8 s Sislpct, 0o ool Bln ifolet .
J* = p<0. 003d m$hizgrativmeiol the drF&ﬁ’%Tfh cdmposition mrmcbﬂﬁndéaﬁmﬂrthﬁﬁew ng
t he 1 hour post injection |eve radi oactive vitamn D3 in the'liver,

tunor and pl tnveatism. Spr ague- Dawl ey rats 20 foll owi ng adm nistration of
vitam n_D3/ Tween,

i D3/ 1. d
describ@d in par asﬁlﬁégﬁr??n?)g&we(ry tt&mﬁ?ﬁa@é qfﬁgtrgr‘?ﬂ ”(9221:" Ctﬁ&ilf’g ?S
Figure 7 is éx&}ﬁE)leq tfH-é(x‘t@ﬁalairﬁHQi%r Wifirnaigely ,W&oﬁ%ﬁﬁiﬂoﬁ e 1 n

Figure 6. 2s Fig provi des bar graphs show ng the post 1 njection
| evel of radlmaaattlomnmlytbmdehmedrtotthe partedvein.Fbe temor phashmaqmmary or

s Daw fol | f
ot o Do/ | PRy ot TprpaliEed rpe e the stk ERRY PRoRA R PERS | s o

bar graph gi vimgr 8r XdHey. T uéf diBoditibiyof @RUnventida\Way Blsdbd (168 & feat 01
N QU 2002 ' WO 99156697 "PC T/ AU9 /00323 7 Fi gure 10 pr'ovi des bar graphs

showi ngtot he 8okhagctabsancerjasrrcomasVEie oiethadiandccompositioanfrithBpresenthe
liver, tunor,and plasna of Sr e admnlstratlon
of vitanin D&V eﬂk@%‘h“ﬁ/ﬁ’% M#P&Hﬂﬁmﬂ@ff’#ﬁmﬂ $-espectivel y
as described in peLaQhiantin’D contpME® maly bé ddsspe DIfRPiddAY 8% ribeaunmer y of

the 3 day results shown 1 n Figure 10. Fi"gure 12 provides graphs show ng the
ef fect of i nabavéidpaexampi¢,dodisedanimon-tadiaed popply seedail to @ désirgd on AFP

and calciumlevels in a atlentsﬂvlth HCC 10 Mobdes for carrying out the
Invention 1 E8PfeRization of ¥itagnd) 68mpopiidhi orial's and methods: 1.1.1 Uptake

studi esygor the ufrhakfetiddbfihe ﬁ%ﬁhau%a%% b‘pe&i%dcaetlxhanﬁﬁ Cordbtheg, On

sterile mcroscope cover glass, placed tissue cultlre plates.
Cel | s 20 wer éntexpalselt Wﬂhbm)‘eetdxlscmppaneatmhmﬁle((M?npbsmﬁa\ﬁnd:):hmxbnf theni ng

196 |ipiodol and stained by an,oil- red i patjon te ue., This
briefly i nvolPFeipntiiRyention GFOY‘HS |qa£abﬁltwgf§eq¥‘eﬁ% YPW&-‘% by
stai ni ng, di chﬁE@ﬁ&hﬁB%%?v?ﬁﬁuﬁqy@hﬁﬁmihé'dﬂlﬁ&red:ﬁgltﬁe% dsmmaﬂmey
washed wi t h phosphat urfer solution (p , wat er ‘t hrough out the
fixation progeesers indénton Zﬁllfaolnevmmmoebbnuuband\wmqughot ogr aphed
under the m groscope. 1,1.2 Cell proliferation assays

ypercdlcaemia.,

In order to more fully describe the invention we provide the following

non-limiting examples.

Brief Description of the Drawings
25 Figure 1 is a photograph taken under a microscope showing uptake of

lipiodol by HepG2 cells exposed to a medium with 1% lipiodol or without
lipiodol (control). Lipiodol is stained red using the Oil red O technique.
Figure 2 is a graph showing [*H]thymidine incorporation in HepG2

cells after 5 days treatment with different doses of vitamin D, in normal



Fol I owi ng exposure of cells to vitam n D3 dissolved in normal gy Nijpi odo)
(190 v/v) containing media) [3H) thym dine incorporation assay and 30 t he
trypan -bl ue weebmsgoon cel |l count net hods were used to determ permebd o323
proliferation. To do this, cells were plated in 24 well tissue culture -
plates at 10" cells per well and incubated for 24 h in an incubator at 37C
with humdified 596 CO02 atnosphere. The, nediumwas replaced with one
containing vitamin D3( 10'" to 10" M dissolved in either the nornal

medi um ~~ ~ ~~:1lv~ hlf';> WD 99/56697 HCT/ AU99/ 00323 8 or first dissolved
in lipiodol and then m xed thoroughly wth the mediumto nmake a final

| i pi odol congeni: {.0l$_0O ; [_BCUt | | re
exposed to onhe opﬁi Le t Ogj'?lg&%églﬁ%q&éiqng ('jslaa %sfre}ié’%rﬁ F@ﬁ%vi?'}éﬁt hen
replaced w t [*tdr sgp ko0 1esing urfpairddetesgxt four days. Wiilst, in 5 chronic
treatnment, cells were exposed for 5 days tq different concentrations of the
drug di ssol ved i nFighe §providesebag 8 rdepigting 66H copgpds Rﬁﬁff‘@lb\@f’é’fchanged
on alternate t i : I r wer e
assayed for  CHORMfierFiEnCaTets i SRhBREA RSkl RHhin Th fop 8 Ul RN C]
[ 3H t hysi di ndifferett dos¥ebf vitemih My diesdlvdd bn abrmal meddumlfg cariause of to
radi oactivity, i.nco[ﬁ%orat ed into trichloroacetic acid precipitatable,
material Was lipiodolibhcVialues sgprespnt meanth §.e40i On " co Rt @ P01 msing papaired t-
plotted as pgéﬁctfntage inhibition relative to control. The control cells for
the vitamn i piodol group were treated with a |ipiodol-containing

medi um (19' 6) . FoFighiie 4¢ _dvi&ébuglfapm%hbwiﬁgFamﬂvﬁh&liﬁbaheﬂrpd}aﬁbh inel |
plates at a i5 concentration of 5 x 104 cells per well. Cell treatnent
procedur e wadepGieeells afier one dayexprywiediordifigrent doses of yitasmin By in permal

hempcytiimer oot (STMES) qERL 13 NEIGIN kT IFaRE 1CY BhE shbhus to
experi ment VafiedidRe ¥Wittowt the e, M@.reyfﬁglaht ffbaBl Tglelth. £+ Eeskow used

for conparisons of treated versus 20 con val ues and p<0. 05 was
consi dered t aisiegpnspairedd-testgni fi cant difference. 1.2 Results Hep& cells

d to |ipiodgl istent|y d trated ti ' ||yl d
vesi ol es of 11 pi oduiap Brviges el FRBRI shakTa SelliioRut paiatlEE Shbtafy of
l'i pi odol in GERkHEpGELENs Wekdetposetit 1 d@ptediffdrenpdesds of videmiwDsel | s
showed significant reduction in thym dine i'ncorporation at all

concentt5at i orkisssflved immonmBBmeadduim(a) or in 426 lipiedoldbtfolowedebly 4idapsver, in
cell s exposed to the vitamn | i pj,odel 3o delivery system_the degree of
i nhi bition ofemmedt%@eﬁhwr‘g@fpavftbﬁ a}é&%-é’ sfr.eea%@r\i eI §8 e ’g"rz)'.
Simlarly, U&P@o%&%@hﬁ?ﬁh@&@m@i). cells with either of the test media,

n

cell proliferation was bited resulting in a dose dependant decrease in
cel | nunber (Fig Fjigurert pranidesbanigraphswhewing the 3 hoargashinjectipndeveliaf t he

35 nedi taining the drug for, 1..d d to.t di i t hout +h
for o furt nereaiese vifaia Byt I HREY. sinos sha P Bp B Tt ey ek
made S ~' fBllowiAf AdWENnEHaPRAOSE dmiYPR1RSHS VitdsRin D,/MET @A vitlamiione)

did not show a reduction in thym dine incorporation while those exposed to
vitam n D3 i Pylipiasedirgspactively 83 daserikeshin parageaplod below dlmyvivdistiedies in

i ncorporati oa SF@&% In.,the cell count nethod, a significant reduction in
cel | nunber PEFat ) vel 1s 5 exposed to the 10-' M concentration of
vitam n D3) whil e g Vs i %ilvi)ﬁé) HAa4 t uPRedudtsSeReein t o
10 9, 108 and 10- 'Flgll@raeljl,iﬁﬁgalreg&sqﬂg 1 fi cgﬁ? redﬁg?ﬂé%sfﬁg theéu%urrber ogn
cells avail abfiguré 6hin the wells (Fig 5). 10 Note: 1. The experinents

descri bed above .6 all alsq repeatedq using 19; 6 i nst.ead ,.of 1%

' pi 0o i n_an exdiwy &parvides RBR RiEhs AHovRag e 4 Ui BPHidBIagoMErel g6,
are al so ver yriddtie ditarhliPPg iR kthé liRePdAIns M0 Phashiadon %ﬁ%gyna&r (2]
inhibition of proliferation ih cells exposed to vitamn / 15 conpared

to those expofdlwwiog\af varenmini,/ Fmeensrvitamin D,Avi8r and vitamindd,/lpiodsdr i at e
cell line) which ul.d grpw i, he rat tu and al so be responsive to
vitanin D3) r%ﬁsl’ﬁéﬁﬁ’elyie%ég"fcﬁgﬁlRBfﬁar%ﬁprH%rC were screened for
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1.1.2 Cell proliferation assays
Following exposure of cells to vitamin D, dissolved in normal or

lipiodol (1% v/v) containing media, [’H}thymidine incorporation assay and
30 the trypan blue exclusion cell count methods were used to determine cell

proliferation. To do this, cells were plated in 24 well tissue culture plates at

10* cells per well and incubated for 24 h in an incubator at 37°C with

humidified 5% CO, atmosphere. The, medium was replaced with one

containing vitamin D4(10™"* to 107 M) dissolved in either the normal medium



10 i piodol through the hepatic artery administered by an exper{{§ 4 NJV 7u0:2
radi ol ogist. Drug formulation was carried out under conplete aseptic
condi t ifons WO &66%ncol ogy pharnmacy unit of the hospital. Ev @CI/AU99190323 s
post drug adm nistration, blood sanples were w thdrawn for the

determ nation of serum AFP, calciumand vitamn D3 levels daily for 3 days
after which the 15 patient was di scharged fromthe hospital and visited
once a week for 4 weeks (in total after grug adm nistration). 3.2 Results
20 Results obtained for AFP and calciumTFevels in the one patient who has
conpleted the treatnent so far are presented in figure 22. It can be seen
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2.  Inorder to find an appropriate cell line, which would grow in the rat
tumor and also be responsive to vitamin D3, rat cell lines, Novikoff and HTC
were screened for responsiveness to vitamin D3 (10™" - 10° M). Results

20 obtained show that, Novikoff is a non responsive cell line to vitamin D3,
while with HTC, an approximately 50% inhibition of proliferation was
achieved with the 10° M concentration of the drug.

2. In vivo studies in tumor bearing rats

25
2.1 Materials and methods:

Male 300-350 gr. Sprague-Dawely rats were given a general anaesthetic
(halothane) and a lapratomy performed. Then 5 x 10° Novikoff cells
suspended in 100 pl of medium was instilled beneath the liver capsule using

30 a 26G3/8-tuberculin needle. The abdominal incision was then closed with gut
suture.

All procedures were carried out under general anaesthesia and before
reversing anaesthesia, animals were given a subcutaneous injection of the
lipiodol analgesic buprenorphine (0.025 mg/kg).

35 - Animals were then left for 10 days with food and water available ad
libitum and monitored daily to assess health and well being. After this
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(or vehicle) administration. Just before euthanasing, 3 ml of blood was drawn
through cardiac puncture from each animal.

Post mortem, the liver and the tumor of each animal was excised,
20 weighed and frozen in the freezer until analysis. After tissue

homogenization, liver, tumor or plasma was extracted with dichloromethane.
The amount of hot vitamin D3 present in each sample was determined using
a f-counter.

25 2.2 Results
Results obtained are presented in Figures 6-11. From these results it

can be seen that at 1 hour the level of radioactivity is high in all three
samples of liver, tumor and plasma. While, in the 1 and 3 day samples the
difference between tumor and those of liver and plasma is very different with

30 much higher levels being available in the tumor for both lipiodol and MCT.
Summary of the results for each time point (Figures 7,9 and 11) clearly shows
that in each case the level of radioactivity (vitamin D or metabolites) was
greater in lipiodol treated animals. This in fact is a confirmation of the
results obtained in the in vitro studies, showing that vitamin D, dissolved in

35 lipiodol or MCT is taken up, retained and eventually released within the
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20 Results obtained for AFP and calcium levels in the one patient who has
completed the treatment so far are presented in figure 12.

It can be seen that the AFP levels dropped significantly, reached the
lowest level around day 7 and remained low till day 15 after which it was
back to pretreatment levels at around day 28. With regards to the calcium

25 level, there was a sharp rise in this between days 2-4 but it was back to
normal by day 7.

Discussion

30 Comparing the results for the different delivery systems clearly shows
an enhanced and lasting inhibitory activity for vitamin D, in the lipiodol
delivery system. This could be due to a number of factors including uptake
retention and sustained release of vitamin D, from lipiodol. Previous reports
(1,2) employing different techniques, have shown the uptake of lipiodol by

35 HCCs. Our results in this section, using HepG2 cell line and oil-red O
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impregnation technique clearly demonstrates the abundant uptake of lipiodol
by these cells which is presumably brought about by endocytosis.
It has been shown that, the oil is retained within the cells as for the life
of the cell (1). The prolonged intracellular retention of lipiodol appears to be
5 a specific capability of hepatoma cells, as normal liver cells appear to take up
and excrete it rapidly in a few days as compared to the very long retention of
it by HCCs (2). Consequently, it may be hypothesized that the increased
inhibitory activity observed during chronic treatment with vitamin
Dy/lipiodol, might partly be due to the accumulation of lipiodol and hence
10 vitamin D, within the cell. However, as can be seen from the results, this
alone cannot account for the difference obtained between the two delivery
systems. Another contributing factor might be the higher stability of vitamin
D; in lipiodol as this may prevent extensive degradation and rapid exposure
of the drug to the metabolizing enzymes (3). This can particularly be true in
15 the present setting where vitamin D, is a drug which due to its chemical
structure is vulnerable to extensive metabolism and to add to this, HepG2 is a
cell line with extensive metabolizing capacities (4).
The data in the acute treatment experiments where a 24-h exposure of
cells to a single dose of vitamin Dy/lipiodol results in significant inhibition of
20 proliferation, may perhaps indicate the sustained release of vitamin D; from
the intracellular lipiodol depots. This might well be the reason behind the
differences observed in the greater and lasting inhibitory activity of vitamin
D3 in lipiodol or MCT compared to that of vitamin D, in the medium alone.
Results obtained in the Novikoff tumor bearing rats point put to the same
25 point and confirm the validity of the cell culture studies in that vitamin D; in
lipiodol and MCT, is taken up, retained and gradually released from the
tumor HCC cells. However, as Novikoff is a vitamin D, resistant cell line,
efficacy experiments could not be conducted in this model.
Although too early to comment, but results obtained in the one patient
30 treated so far with the 50 ng dose of vitamin D,/5ml lipiodol is in line with
the experimental data obtained in cell culture and rat studies. Plasma sample
assay for vitamin D, levels (currently ongoing), should clearly show the
behaviour of vitamin Dy/lipiodol in HCC.
In conclusion, the results presented above suggest that, vitamin D,
35 dissolved in lipiodol produce an increased and sustained antiproliferative
activity in the human HCC cell line HepG2 and is retained for considerably
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It will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in
the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to

25 be considered in all respects as illustrative and not restrictive.
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2. A composition according to claim 1 wherein the vitamin D compound
is vitamin D or a precursor, metabolite or analogue thereof.

10
3. A composition according to claim 1 or claim 2 wherein the

concentration of the vitamin D compound in the composition is at least about

1 x 10° mole per litre.

15 4. A composition according to claim 3 wherein the concentration of the

vitamin D compound is at least about 1 x 10°mole per litre.

5. A composition according to claim 4 wherein the concentration of the
vitamin D compound is at least 1 x 10" mole per litre.

20
6. A composition according to claim 5 wherein the concentration of the

vitamin D compound is at least 1 x 10°* mole per litre.

7. A composition according to any one of the preceding claims wherein

25 the vitamin D compound is selected from the group vitamin D, 25(0H)D,,
1,25(0OH),D, and 24R, 25(0OH),D; or a precursor, metabolite or analogue
thereof.

8. A composition according to any one of claims 1 to 6 wherein the
30 vitamin D compound is selected from the group EB1089, OCT (22-oxa-
1;25(0H),D,), 1a 25(0H),, 22,24 diene, 24, 26, 27 trihomo D,;, MC903
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5 vitamin D compound is vitamin D; or an analogue or metabolite thereof.

10. A composition according to any one of the preceding claims wherein

, the lipid is a lipid for which the tumor is avid.

10 11. A composition in accordance with any one of the preceding claims

wherein the lipid is a pharmaceutically acceptable oil.

12. A composition according to claim 11 wherein the oil is a non-iodised

ail
15
13. A composition according to claim 12 wherein the oil is poppy seed oil.
14. A composition according to claim 11 wherein the oil is an iodised oil.
20 15. A composition according to claim 14 wherein the oil is iodised poppy
seed oil (lipiodol).
16. A composition according to any one of the preceding claims wherein
the composition further includes a component for increasing vitamin D
25 receptor expression.

17. A composition according to claim 16 wherein the further component is

an estrogen, estrogen-like compound or estogen antagonist.
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20. A method according to any one of claim 19 wherein the organ treated

is selected from the group liver, breast, prostate, bone tumor and kidney.

10
21. A method according to claim 20 wherein the organ is the liver.
22. A method according to any one of claims 19 to 21 wherein the regional
delivery is by means of intra-arterial delivery.
15
23. A method according to claim 20 of claim 21 wherein the composition
is delivered to the portal vein.
24. A method according to any one of claims 19 to 23 wherein the tumor
20 is a primary or secondary tumor.
25. A method according to any one of claims 19 to 24 wherein the tumor is
a hepatoma.
25 26. A method according to any one of claims 19 to 24 wherein tumor is a

colorectal cancer or sarcoma.

27. A method according to claim 25 wherein the regional administration is
by intra-hepatic arterial infusion.
30
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