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Combination Therapy The present invention relates to liposome
wimpgiatiens and in particular to liposomes for use in alpha-gmttigaos/ 064074

endo-radionuclide combination therapy. 5 The treatment of hyperplastic or

neoplastic diseases such as cancers frequently requires the

administration of cytotoxic agents in order to selectively eliminate cells

and cell populations showing uncontrolled or undesirable growth patterns.
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radiofa@ifles and shorter ranges in tissues.

The radiation range of typical alpha emitters in physiological surroundings is
generally less than 100 micrometers, the equivalent of only a few cell diameters.
30 This makes these sources well suited for treatment of tumours iﬁcluding
micrometastases because little of the radiated energy will pass beyond the target
cells, and thus damage to the surrounding healthy tissue can be minimised. In

contrast, a beta particle has a range of 1 mm or more in water.

35 The energy of alpha-particle radiation is also high compared to beta particles,
gamma rays and X-rays, typically being 5-8 MeV, or 5 to 10 times that of a beta



distribution necessary in order to avoid unacceptable side effects. A

further factor which renders certain alpha-emitting radionuclides both
whighly, susable as cytotoxic agents and highly challenging as,agaS d¥so4074

accurate targeting 10in vivo is the properties of their daughter nuclides. In

particular, many alpha- emitting radionucjidgs form part of a decay chain

of several alpha and/or beta-transformations between the initial nuclide

and a stable daughter isotope. Where any daughter nuclide is also an
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The physical effect of an alpha decay upon the resulting daughter nuclide can also
30 be quite dramatic. The helium nucleus of an alpha particle has a relative atomic

mass of 4 and is typically emitted at around 2% of the speed of light. Evidently this

umparts & considerable energy to the resulting daughter nucleus which, by simple

conservation of momentum, might be expected to recoil at in excess of 100 Km/s.

Evidently, the combined destructive force of the very high speed alpha particle and
35 the recoil imparted to the massive daughter nucleus can break chemical bonds,

propel the nuclei out of chelation and cause considerable problems in any attempt to
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control the fate of nuclei further down in the nuclear decay chain. As a result, very

few methods have been provided by which alpha decaying nuclei may be utilised in

therapy because of the difficulties of maintaining control over the subsequent

decays. The decay chains of some alpha emitting isotopes which might be useful in

therapy are shown below.

Table 1

Nuclide Decay mode Mean particle |Half-life
energy (MeV)

2Trh 1o .02 18.72 days

Ra ol 5.78 11.43 days

*®pn o3 6.88 3.5%6 seconds

*po a 7.53 1.78 ms

Moy B 0.45 36.1 minutes

g4 o 6.67 2.17 minutes

ey B 0.49 4.77 minutes

*Tpp Stable

Table 2

| Nuclide Decay mode Mean particle Half-life

energy (MevV)

S Ne o 5.8 10 days

gy o 6.3 4.8 minutes

AL o 7.0 32 ms

13p; B .44 45.6 minutes

2Bpg o 8.3 4 us

*“pp B 0. 13.25 hours .

*Bj Stable

As can be seen from the above tables, if an alpha emitter relatively high in the decay

chain is used, there is the potential for a single nucleus to provide 4 or 5 highly
energetic and highly cytotoxic alpha decays before reaching a stable isotope. This

could potentially provide highly effective targeted cell killing. The problem with

this, however, s that if the fate of these daughters is not controlled then for every
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one parent nucleus which decays at the desired site of action, 3 or 4 further alpha
decays may take place at undesired sites. The power of such nuclei is thus very high
but they demand exacting physical and chemical controls over their distribution.

Some methods involving the chelation of alpha-emitting metal nuclei have been
proposed but these are generally inadequate for maintaining control over a whole
decay chain starting at any radioisotope having one or more alpha-emitting daughter
nuciei because simple chelation cannot maintain control over these daughter nuclei,
for the reasons considered above. Certain methods have been proposed in the past
to help control the distribution of daughter nuclei following alpha decay and so to
allow effectrve targéting and use of alpha emitters in therapy. These methods
include the incorporation of the alpha emitter into bone surfaces in need of
treatment, where the daughters may remain trapped {e.g. WO 00/40275) and the
incorporation of alpha emitters into liposomes such that the recoiling daughter
nuclel remain trapped within the core region of the liposome (e.g. WO 01/60417).

A still further difficulty with the administration of alpha-emitting radionuclei is the
destructive effect of the alpha radiation and the recoiling daughter nuclei on the
composition. The very high energy of the cfecay event can not ohly break the
radionuclide out of chelation but can have a considerably destructive effect upon the
formulation itself. Thus, even if the radionuclide has a half-life of several days, it
may be necessary to prepare a pharmaceutical composition directly prior to
administration since the destructive energy released by decay of even a small
amount of the radioisotope can disrupt the remainder of the composition.

One way in which the effectiveness of treatments for neoplastic disease, especially
cancers, has been enhanced in recent years is by the concept of combination therapy.
The idea behind combination therapy is that two or more drugs or methods for
combating undesired cell populations are used simultaneously, or in relatively quick
succession. In this way, target cells which may have been weakened by a first
treatment method can be rendered more susceptible to killing by a subsequent
method, In addition, the side effects of two or more treatment methods used in
combination may be additive or preferébiy less than additive while the therapeutic
effect is additive or preferably greater than additive. Thus, greater therapeutic effect
can be provided using a treatment regime which remains tolerable to the patient.
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for eveDfier than additive increase in effectiveness since, to survive, the cell must

withstand two modes of attack simultanecusiy. Egually, any sub-population of
target cells which might have some resistance to one mode of reatment will more
likelv be wiped out by the other mode and so the development of resisiance will be

refarded.

At present, there 15 no effective method for generaung therapeutics which can

- contro! and deiiver the high cyiotoxicity of a heavy metal aipha emiting
radionuciide and its daughter isotopes in combination with 2 secondary therapeutic
{especially cytotoxic) agent in the same treatment delivery system. This is because
to combine the two into the same molecuie would rely upon a chelation effect to trap
the alpha emitier, which would be inadequate to maintain control over the daughter
nuctel. There is thus a considerable need for & medicament and delivery system
which can provide a combination therapy including delivery and control over a
heavy meta! alpha-emitter in combination with the simultaneous delivery of a

secondary agent in the same delivery system.

Summary of Invention

In a first aspect the present invention is directed to a cytotoxic agent comprising
liposomes wherein said liposomes enclose a solution comprising at least one alpha
emitting radionuclide and at least one other therapeutic agent, wherein said therapeutic

agent is a chemotherapeufic agent.

In a further aspect the present invention is directed to a method for the synthesis of
liposomes enclosing a solution comprising at least one alpha emitting radionuclide and at
least one other therapeutic agent, said method comprising contacting liposomes enclosing
a solution comprising at least one therapeutic agent other than an alpha emitting
radionuclide with a loading solution comprising at least one tonophore and at ieast one

alpha emitting radionuclide, wherein said therapeutic agent is a chemotherapeutic agent.

in a further aspect the present invention is directed to a pharmaceutical composition
comprising at Jeast one cytotoxic agent as claimed herein and at least one

pharmaceutically tolerable carrier and/or excipient.
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target cells with more than one therapeutic agent. This may result in a
Greater than additive increase in effectiveness since, to survive, the cell
must withstand two modes of attack simultaneously. Equally, any
sub-population of target cells which might have some resistance to one
mode of treatment will more likely be wiped out by the other mode and so
the development of resistance will be retarded. At present, there is rio
effective method for generating therapeutics which can . control and
deliver the high c,ytotoxicity of a heavy metal alpha emitting radionuclide
and its daughter isotopes in combination with a secondary therapeutic
(especially cytotoxic) agent in the same treatment delivery system. This is
because to combine the two into the same molecule would rely upon a
chelation effect to trap the alpha emitter, which would be inadequate to
maintain control over the daughter nuclei. There is thus a considerable
need for a medicament and delivery system which can provide a
combination therapy including delivery and control over a heavy metal
alpha-emitter in combination with the simultaneous delivery of a
secondary agent in the same delivery system. Summary of Invention In a
first aspect the present invention is directed to a cytotoxic agent
comprising liposomes wherein said liposomes enclose a solution

comprising at least one alpha emitting radionuclide and at least one other
tharanaritic anent wherain eaid tharaneaiitic aneant ic a chemothearanar itie



In a further aspect the present invention is directed to a method for the

synthesis of liposomes enclosing a solution comprising at least one alpha
weniting #adionuclide and at least one other therapeutic agept; saighsos/soa074

method comprising contacting liposomes enclosing a solution comprising

at least one therapeutic agent other than an alpha emitting radionuclide

with a loading solution comprising at least one ionophore and at least one

alpha emitting radionuclide, wherein said therapeutic agent is a
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aspect, the present invention thus provides a cytotoxic agent comprising

liposomes wherein said liposomes enclose a solution comprising at least

one alpha 20emitting radionuclide and at least one other therapeutic
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alnha-emitter ac defined herain The linoenomec nrefarahlvv alen enclacea at



In a further aspect, the present invention provides a pharmaceutical
composition comprising at least one cytotoxic agent of the present
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deca%m%ggampea% Jgaas% gepg?ﬂtello grg tge nuclei of this isotope e(;%y )
by alpha-emission, Where a nuclets hasmore 8tih SFe Erisioh fiberilides
s prefEr BB TS APTEHLPA B4 isbahrarscagtyadionackfssisiohatpheserablyaat a
least 1694 wridompienmefefablyaat 15asth30%refit dega v RIRNISSIOAave an
In r?nessmadlime_la&: aﬁm&@m}tl%/o%rl]ﬁ%ﬁlﬁiiwiﬂe@@%mﬁ QJB%‘&'EE?%K?{‘-
erg gra . Mitter Aaving two or more decay Mmodes,,
produ%ga@f %?gé\%n o%ivqgﬁzgpo?ﬁétn & é%&sa%ogﬁslcfé%‘,’%is by Howeddr ~ Ra,

also be af dirg@t" alpha emitter, as described herein below, since the
2535product of non-alpha decay may result (directly or indirectly) in a further
alphaThe term “alpha-emitting radionuclide® as used herein encompasses nuclei with a
single (alpha) mode of radicactive decay and also nuclei with multiple decay modes
where at least a portion of the nuclei of this isotope decay by alpha-emission.
Where a nucleus has more than one emission mode, it is preferably that at least 1%
30 will decay by alpha-emission, preferably at least 10% and morerpreferably at least
30% will decay by alpha-emission. In one embodiment, substantially all nuclei will
decay by alpha-emission. Where a "branching” alpha emitter having two or more
decay modes produces a relatively low proportion of alpha particles, this may
however also be an "indirect" alpha emitter, as described herein below, since the

35 product of non-alpha decay may result (directly or indirectly) in a further alpha
emitter.



emitter. WO 20061043083PCT/GB2005/004074 -8 The term
"alpha-emitting radionuclide" as used herein is also used to indicate,

w8 atext permits, an "indirect” alpha-emitting radionucliggcauei vo4074

indirect alpha emitters may be radioisotopes which do not in themselves
undergo alpha decay to a 5significant extent but decay by another mode
(e.g. by beta-emission) to form an alpha emitter. Preferably this alpha
emitter will be the direct daughter product of the "indirect" alpha emitter
but may be the result of more than one non-alpha decay. Preferably the

alpha-goilter, fqf fHFz%%fx'i% heddlarRY A a0 uggg'i'i@ﬁetm?g%% ﬁggg%ri%lcate where
have a shog half-lif sle,,% 4 E,tt@gagémtpurs ore ?gyé)lc%ﬂy less.than 1
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hoursz;:ignd m ef eqst 1 ost efe,rr
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emitters wou have a atcieast 3 §ys n ore ong
term é%@?ﬁY@s, the half-life of the alpha emitters should generally be less
than a year, preferably less than 6 months and more preferably less than
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one therapeutic agent in combined amounts to achieve therapeutic,
prophylactis and/eiipain patiativeseffetipentsts Fhis ameuH dewithould
EZL‘?J‘?Q%Q%%%@‘**Pﬁﬁﬁ'ﬂ%%ﬁ““%*ﬁéﬂ?&%‘mg% R QE%%%‘Y s
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h t Sitic fact h
L e s e R
be .nfiﬁﬁearaﬂésfspﬁwwkﬂaéé{% Mawgaaeaeﬁewetg@whould be no greater than

30 6 months and most preferably no greater than 1 month.
The cytotoxic agents of the present invention typically comprise at least one alpha-
emiiting radionuclide and at least one therapeutic agent in combined amounts to
achieve therapeutic, prophylactic and/or pain palliative effectiveness. This amount
35 will evidently depend upon the particular isotope(s) selected for use, the nature and

number of the other therapeutic agents, the condition(s) to be treated, prevented



single administration, with a more preferred range being | megaBq to 1

gigaBq per each single administration. Similarly, the other therapeutic
vwaganis) el be used at a level at which therapeutic, prophylagti¢-angiQkesors

pain palliating effectiveness in combination with the alpha-emitter wilt'be

expected. Since the other therapeutic 10aggnt(s) will generally be known

pharmaceutical agents they will typically be used at a level between 10%

of their normal minimum therapeutic dose and 500% of their maximum

normalkitiideapelitic:dose spore. preferably-tbis maue will he 25%; okthe subject,
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exposiignibrsiiiecntdosmactEPaliasidersfieatsitnaneareferred aspect
of the present invention, the alpha-emitting radionuclide and the at least
1§ne o ic agent in the cytotoxic agents of the invention are
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25the infEHE® Hrsdangennd Beciisits agéatiowse sighridingloflta teffeaintains
the daughtererpeiaigpiaducady alphadagayiat thedadionuclide within
the liposome. This is particularly important where the daughter nuclide
and/qr any other nuclide g??rherated in the radioactive decay chain_
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reatined fo a significant extent. THiS 18, ROWeVET “Secaptab (hteralsms agent
circumstance, particularly where the decay of the 20daughter is rapid and
thus the daughter isotope does not have time to significantly



translocate after formation. Such rapid decay might be, for example, with
a half-life of less than 1 hour, preferably less.than 20 minutes and most
worelgtakiygess than 1 minute. Similarly, where the half-life obfediadeiaeiy74
is long relative to its rate of clearance from the body then little of the
daughter will decay before it is expelled 25gnd so no significant harm will
result. This might be with a half-life of at least 1 day, preferably at least 3
days and more preferably at least 10 days. A liposome may be considered
as capébie ptsiabiyveetaining the danghtdd becleigsnedatadifthatquivalent
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form Poﬁ? fipié’o “1.%185 r%g ﬁ% ﬁ%‘é@}%&ﬁ%}ﬂlﬁ%fgﬁgﬁ}&’?wr nuclei

tempéﬁam%%frare%Weﬁéféﬁaiﬂwmm B¢l ProgbtpreteieibRsulting
3020-4G@n\Mine nediominterdeof ipiel sisi ndd st mokat odmpanapieheethe

have ﬁaﬁamenﬁm@%eam@%@ megnwdaaepaeé%@é?}e@&mﬁ{a&

least one i compPIRI ould, ave ol & ansition femperatufe.and
more pre era at as a wh e mIX ure S ave a ranS|t O

tempé‘?&f&ﬁ@#ﬁlﬂﬂé‘%ﬁ@%ﬂ Overrp%r@@w(éﬁ YrhsTatieneligradprsieikasion where
agentéfefting pidsentinbvedtgghtaredtlasvdidiable: thithe {osswfdireircoil on

35conteqdsa{espacialiydbgess Oidaesalpihe padioRueldRion are formulated for non -

systemic (especially local or regional) use, the liposomes may be larger and will



and/or the at least one other therapeutic agent) during storage for at least]

day, - 12 - preferably at least 1 week and most preferably at least 3
wiyesksowhen stored at room temperature. This stability is highly /surpstager4

since during this period of storage the Liposomes of the cytotoxic agents

will be repeatedly punctured by a level of alpha particles and recoiling

daughter nuclei which will be at least equivalent to the 5therapeutic dose

capable of extensive cell killing within the subject. By stably retained in

this corteitt issiicedtzd thatontomer e thin2000a praferabh:peieone than
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In a preferred embodiment, the cytotoxic agents of the present invention are thus
35 stable to the Joss of their contents {especially the loss of the alpha radionuclide
and/or the at least one other therapeutic agent) during storage for at least 3 day,



10polyalkylene glycol containing molecule. Such molecules will generally
have at least one polyalkylene chain (e.g. polyethylene, polypropylene or
WX esstRgreof) and at least one membrane-affinic group (e@akaébt o074
acid chain or C8 to C21 alkanyl or alkenyl group). Examples include
polyethylene glycol grafted lipids and/or a;polypropylene glycol modified
membrane-soluble molecules. Such surface 15modification will be familiar
to one of skill in the art. Surface modified Liposomes are highly preferred,
particplafy doy sy semicnusk abécadiseriievigenckally have:a lorgelored at room
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Liposomes may not retain their contents so ent
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order to provide low clearance in these administration methods, the

liposomes may be at least 100 nm in maximum dlmensron preferably at
least %16%0% ubf@%ﬁ%f@%{]@tﬁpe passively mcorporated in solid

tumours due to tumour-associated vascular fenestration. This allows for "passive
35 targeting of the dual/multiply active cytotoxic agents of the present invention where
the disease to be treated inciudes a solid tumour. The mechanism responsible for



20 In the, cytotoxic agents of the invention, the sample of agent as a

whole will include liposomes which contain both an alpha-emitting
wiadippugiige and at least one other therapeutic agent. Genegallycihadevelors

of alpha radionuclide necessary to have a therapeutic effect will be very

low in comparison with the level of other therapeutic 25agent(s) because

of the extremely high cytotoxicity of alpha radiation. As a result, although a

large proportion of the liposomes will contain the other therapeutic agent,

not alltneedregtibepilposoracianlictiges ltdsidesrible that-at lefsat B by

V0|Um@e@%ﬁ%iﬂ&%@%ﬁ;@@r@t@'ﬁ@dgﬁ%mWm&eﬁtﬂ&%g%Qﬁ‘ﬂt%% walls and

than q gl&réamemrt in ag:}u nuclr%e This will referably be at least 9

and will most pre era tleast bg% e g susbs?antrally 100%). It is

also desirable that at Ieast 10% by volume of the liposomes contain both

fhe radionbpbicenandittie pisentactivatiagenty ThisquiiGpditiande preferablytheir

at leasb209aomese: prefRsablysat leaski3%r mmrﬁreée 12BI%ahIeASL a5t ane

A5%. il il A8, %'é% ARy S '%g%é’r {a1red Smbod m&”&fm SPECISS e
of liposomes may resent; one containing alpha'e Cftrn ionuciide

and orréeedrﬁi{arﬁrrr&%ﬁ@afﬁa&ﬁ& o{t’hé?rﬂ‘r@}%(pgl?tfétﬁﬁ@ﬁﬁe%i‘ﬁfﬁ Afifesomes in
embodirenty théeoyotosiceadentsrticthmddifmation afithe bpnprisevith a

1diposop@mmm@wm@aﬁ@%@m&mlsacﬁrﬂr&ukrzgr@di@rmg@ﬂgﬁ ANCh AL at
e PEE LR RRE ARt SNBSS AN ALSS SRR Breon
small po tion Yo Of less dditiohal i posomes
conta%iﬁ&c{ B}WB{’W& %Yl?ﬁﬁ%?ﬁ%%?@%?ﬁ’&lﬁ%%ﬁﬂﬁ Gryaikanyl
radiori@inyT Bigallowsahples oppdrde saby etwltGrgivtokiraigdnipidsbadiine
tunedpégrpaopﬁréim&&joapmlmﬂii&mwrﬁlﬁﬁ@r@ﬁiﬂﬂﬂi&iﬁ@ﬂi&ﬁieSU@ﬁ@ﬁéﬂiﬁ%@'
d'posmﬂelmﬁm@@rﬂmﬁ%%@w@%m%% g—@'f@ ALRHRN U RIS mes
Lrposom f%;%r’ in f rmrn(%t nl;/totoxrc agent?éoft e present mveﬁ?on
may B&% h%ﬁg B Oh TRECERE 3P 2 B gplly have a
commerer] Wﬂ%ﬁﬁtm%ﬁw&@%ﬁﬁﬁ@@méﬁﬁ reppéidhmchoystiosediger
surfacpmadifigotol mlonel preter ed teeheadim asluther aytetaxiaagentaai®ture
formeghfropneorpracisialiyavaiahisin REALE: loaded with at least

one non-radioactive therapeutic agent. Pegylated liposomal formulations
of anthracyclines such as doxorubicin are particularly preferred and may

be syRRBIIEY BRESE e EGIeresmd I8 Myhieprefsrrealpreiopbipaeéee
liposomeli§ catiiposdina fasmulatiogeohg exoeubiGinirblchasdhg moieties include

commpiicifedmulaiion &ﬂ%%a@?%ptxﬁereggﬂﬁﬁ P ARENICA9R sion

referred to erein,i an agen t Sui nelgorruse |nth ép#m combl a‘r(gY

és and aé el er’ o al dies %gﬁ CEHIE

with an a?pHa emitti onuc &°3s O sch%nt(?

25thera£*@&ﬁ@%¥@éﬁ%%%¥9 Heipritdndissobaar Bt esiprfcuifisacs such as
side-effeictgafthel aéplosiaonittingd adidi socbpel Eutusdl laty pibadlyd éoagentsiogues.

whichippaifcthemseMas e@cn@@é@ r@&ylét&mgnergkmgér? h@ﬁ?ﬁogléﬁﬁ@mm@% 1888 celr
a por e | ince alpna em
P ESHa%E@} ﬁ%’#gfgfﬁl’ h f:P % &ﬂl@é i LIS &zsr{ Gone t{ﬂnq%/ target

erapeutic agent are

radioisotop
liposdi Ef gr“ﬁg&E&f&?&%‘f&lﬁ?ﬁ&ﬁﬁaﬂ%@%&ﬁ%ﬁaerﬁ@%r\yogeﬁre%%@d/or
30that thestragsTtiretpidis- By rvrangrbfigiffererionabettinidimsoThitsadiolvsules with

affinity for tumour cell associated receptors to liposomes, they can acti"veiy target
single cell or micrometastatic disease, as well as even more effectively localise to
sohd tumours.

35 In one embodiment, the liposomes are not surface modified with folate conjugated
to a monocclonal antibody or FAB fragment thereof.



the greatest opportunity for gaining an advantage from combination

therapy since cells which are resistant to one mechanism may be
wolseeRkihlg; to another and the stress caused to the target cell-By:R5®s /004074

agent may leave it weakened in respect of the other agent. Suitable other

therapeutic agents include radioisotopes emitting other 35forms of

radiation, such as beta particles, gamma rays, X-rays, conversion

electrons, Auger electrons or combinations thereof; chemotherapeutic

agents such as folate - 16 - analogues, nucleoside analogues, toxins,

angeogRNARiSARINILES L1 BHEIGIE AL RASHH DHARGWICE SUAR A systomic,

genes operably Jinked romoters, antisense DNAs and/qr RNAs and,
small ii?ﬁ?eor ‘éaazrian%(%}lgf\&%ﬁ%ﬁa&y\'/ird déss(f%? %gf g)é:ﬁvgr SFEIRA e driggavitary)
such, ¢ 34 Srpispllvdieraen e b ureidprinicr priisito eneligotionée the blood
5includingroptiguatiy ésnatidriaisedimonoelonaloaht bbdie sirean sty cts or
fragmippts, BReTe el ARd.ABRMIM fOfRARARARIAINGHRSIARIE SR @3 er than
O L e Bl P B e cferab
imaging and image enhancing agents i order tooLbranitdtE it BIRNERGR erably
of the"AIYBESHERAI IS ERaNBUCRRB RS LS BRICaG Stk Sebtrontents so
imagirdisigensinbiute gamidsebindioticlay eiiittinglisoiopes, Aphghetidiation
Loreson@RgeantrashRgeRte.slY RaElinim aemrlexeshiyilasouRdier than 10
contiagt Agenls, ANGVerIAvCONaS nancing adenls (59, heawy mefal,
or iodine containing compounds). 1 referably, where the 0 Her _ y
theraP8 e Sgentis AR TG My AgEHT ethis idasatie Agerram wedin the
have eytotoniceafideofdhehrasal oyenoricaetammtiter Witha (agastfabebs
gamna@eissing) skt diardsasma 1BirdalrRrAERRSUIEAIR AL o
1scombjpagon yith.the ﬁ@ﬁ%ﬁ%ﬂ&eé‘ﬁ%ﬁs ISR 008 SYIOLoXIE (OWNel: 1o Lareer
therapeutic 20agent. _It is prefera le that the ot%e?t?werapeu iCagent i$ho
an alpRd BATREPRAMLYE Wit Birfarae e eyt roge pialsmtyde widd nm.
morelherdorie plevids nvdderingrafdhats edhanikuscharetsispriefdiaisymes
less thap Bebidecayyndiphaxemissinmersion, highhanrelersed 2 um and more
non-rg,cg@%%%t@@@%i_c agent for use in the present invention is

doxorubicin. The cytotoxic agents of the present invention preferably
encapsulate a solution 30comprising at least one complexinWchelating
agentnBiessotarig asuablecdarrivratiosatplt ageos apdrdpriaieinciude
compliesiugiehelhithgagenttig ipepomesimay reliaiuingcnaent 809 one other

daugitesrRaipuclidesig.mareatelsxieptand s SAaIL MoLe, S{Efﬁst%%e a

contrgﬂlt over the |ft%vivo. ;g,tributllon of the cytotoxic effect. The solution

ff .
withint thEHPOSOMes May alsecontah BHREF SYLHE 1 Fétigte b Eribpragentic
25 of 35AGRAIEST herrRoPb BB Hamely Biggrdp gttty sfalntefrdkatiposhsraenlt,

the ratlieagtive ldeeayqansing fhie igsiontielidéiandisn sty otiBetherapeutic agent

therapQUiic e BbAESABREHIOHE R de.

.3

It 1s desirable that at least 80% by volume of the liposomes contain at least one

30 therapeutic agent other than an alpha-emitting radionuclide. This will preferably be
at least 90% and will most preferably be at least 95% (e.g. substantially 100%). It is
also desirable that at least 10% by volume of the liposoines contain both the
radionuclide and the other active agent. This proportion is preferably at least 20%,
more preferably at least 30% and most preferably at least 45%.

35



- 17 - any transient holes in the lipid membrane. Suitable other internal
agents include water soluble polymers or other viscosity modifying agents

widtslony, diffusion of the active agents out of the liposome in fhg.eyenptdhat,.

a transient hole is made) and large cross-section ions, such as
(radioactive or preferably non-radioactive) heavy metal 5ions to reduce
the distance a recoiling daughter nucleus will travel before a collision. The
complexing/chelating agent(s) in the solution enclosed by the liposomes

will typicalyiseeatleast eaeppdiyraeataiednasioaysis£halatingaa8et sus be

as CWH}&Q&%Q&Q‘EF&%Q@J ;ﬁlr!})éﬁ | g&&:HHﬁH%tgHHec%gﬁgggamm at least one
polyamine clic 10polythioethers, or cyclic compounds having fndt
Rsthraie s

mixtufe 6f 5aY5 uitable ring sizes for the chelants, which may be
mono-cyclic or polycyclic are preferably around 8 to around 20 atoms,
Jreferablyiartoued i8tmamundlBioxithupetwee miangdss preferablyise

betwq%&a@@cz,@m%&ma'faam%m TeSyele &'a@m@e%va?&%%t one

be sub%tlt uted at aré)%carbon - suitable hetero tom ’gmluch nitrogen) wit

150pt|onal sﬁfﬁg?'t’ T Sat? ETR %'%iilf"u%n?g Qi/alﬁﬂq B%ﬁ%‘?“ (30%
more i ﬂ%%%&?ﬂfﬁ@@@%%&ﬁi@@%ﬁ%%%&%ﬂ@%ﬁ thhedshdritesits
amidegamnex{gfimisry;sesandarylytertian Didguatey nisy)s GsiereatBess the

100rOUNS ARIRY NRY @%g%@%wrmﬁma@éakaw&ﬁ%,shﬂ%HL-?;H}é&auon

or on%o ahp%lc\{lcingnra (I)(Spo%le% s0 as fo increase the r? % centratian or
chelating moleties, me examples o st[Faﬁ?e Jocherat ﬁg)é%% pistration.
include: 1,4,7,10 tetraazacyclododecane-1,4,7,10 N,N,N",N"-tetraacetic
acid (R@dAg;iibebotite fetircRizhoythetridesanexls4gbdtd of the present invention

N,N M@W&tﬁiﬁﬁéggwgmaﬁaq& e’ aEItQ)r may be purchased commerc:ally
tetranCé lotetradecane-1,4,7,10 N Nl N} Q'aac tic ac? E} @ ﬁ%

1,4,7, 15 1éHR87 a8y 01888%‘88%% S ,‘b‘}ﬁ“ﬁﬁa {TMNARTRY
phosyﬁ’ﬁ%fﬁliﬁe%&”&%d(fﬁ@’fNﬁpfyioﬂ”?clﬁgﬁéfﬁﬁﬁﬁ@%eéﬁwémwaﬂIIGWaﬂabfe
N, N, Niphidstetrpieretidgtbwel phlesphoniccacididadiimd Berapeutic agent. Pegylated
te;raawﬁi@teyﬁﬂﬁm afénlhl&jmmeé\lsu% age&saﬂﬁ%tbm %E@g articularly

phos m|n ent

|som§)r|c Jgr%%f??vle%ggkerey x%‘f:%ri%ptate 1505? r ﬁtrgltzé % r)yp?[?&ﬁ?ﬁl,;’ﬂe'
20and riffdeLiRpimRiA gasrms MHM PreuHbic Tl PP dhidg commercial

containinglelectoreisHRjFdps selected from hydroxyl, carboxyl, ester,
amide, and amine; 351,10 diaza 4,7,13,16-tetraoxacyclooctadecane 1,10

110 (1 e i e L b U AR GeRe

che
corre%ﬂa’fa fRae smf%ﬁ%mh{% aawa!%saagﬁ%wfaf&%fim@%sgwfem
25metalStediSreztrivisyzants, ifapispissientinamyed sutskitee rdiesmablivgde-effects of

whichiareisiesiablinatainedophbnthelligerames&oreexamplp abthahemselves

capable of killing or limiting the growth of at least a portion of the target cells. In
particular, since both the alpha emitting radioisotope and the other therapeutic agent
are distributed with the liposomes, it is preferable that both are cytotoxic and highly

30 preferable that they are cytotoxic by means of different mechanisms. This allows
the greatest opportunity for gaining an advantage from combination therapy since
cells which are resistant to one mechanism may be susceptible to another and the
stress caused to the target cell by one agent may leave it weakened in respect of the
other agent. Suitable other therapeutic agents include radioisotopes emitting other

35 forms of radiation, such as beta particles, gamma rays, X-rays, conversion electrons,
Auger electrons or combinations thereof; chemotherapeutic agents such as folate



Sinitial alpha-emitting radionuclide comprises 227Th, then this is a

transition metal most stable in the 4+ oxidation state but, on alpha decay,
woengialesz23Ra which is an alkaline earth metal adopting g cmeéiRtinm 4

state. Since 223Ra is also an alpha emitting radionuclide, it is important to

retain as large a proportion of both the parent-and daughter isotopes as

possible. Suitable liposomes may therefore contain 10chelation agents

suitable for retaining both 4+ transition metals and 2+ alkaline earth

metalsyasanel) asbptidnatyl chelants s talges fen eetainhitgrthecionsiofzic acid

other puelidRs dpthR deranchains Whishi e Relants Ay AECOISERS B8 As

same, a5 1050 A SYioel Gansiderel AL MRSt NG lonsk Euidenty

where the half-lite of an isotope Is %ery sﬁo_r , however,’i _wﬁfv peiesd

importETF iR e dreiBo AtRR GEHETRERSTYS predethesmRRs ErmBBaihmstmeutics

Sthe cytotosicgagentsatif thednwerition tus domprigélipesomes uehion fragments

encapsetale amsakiiRNreompsising atleast:apralpha-emitingradionurlidg

and C&%@?@%}%‘#- ble for chelating to one or more common ion of each

radionuclide In the decay chain beginning with said alpha emitting

radionuclide and ending with the 20last alpha emitting radionuclide before

a stalSkhiobopwisticathedicibhielatimnsesd nutidseprovidedshuweverdon
10vfer3;1 M{kﬁté%&dsﬂhﬂ@@di@ﬂmu$q¥@6§ﬁt§?ﬁ&%ﬁ&?\ﬂ¥t%%¥ho@m&%@ﬁﬁ%gent.

of c - Y an 10 seconds, .
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Chel TS QRFHAEER DOV GREAHER R TRIRBAtICHEETS U ERiHeat thagnts

element/@5%telh exnaasicisikageisg althus (hdnhserchraetsbsrwsbositynefisots

may preigtahlispe used to reduce the rate of diffusion, as also may
selevated concentrations of heavy metal ions. Since ionophores, as

described herein, also serve to chelate the heavy atom ions 30used in the,
preseriFIRVRtiOH C4% R SEHE D RBFEIIF ARTBIVS ThEHBsABTES Hus therapeutic
described Wellailimbaye iviomxiernfisdinishteo thddtventiea-beiteneptiores.
Whergdhisri hgeane.cthiesionpphett ndehalanhaamponestsheliRatic agent
Cytotoxic, aBeNiS Al Wik IRy GIHAR MY BEHE SAME COMRAUR AN Wil Reutic
present at a level sufficient to be effective in both roles. WO
20‘(1%&083PCT/G82005/004074 - 19 - In an alternative embodiment,
the chelant may be present in addition to any chelating effect provided by
the ichaphefealeshehianambbeimeant: themhielantrefpiiedniatberaifandihe

not bg:the dnaRhAre cAMRANE B HED S R Y 6-SNGEAE HAI RIRACHVR
agents may peive [0 s"‘&ﬁ{‘?pﬁ/zi ”%Sf&'a%tﬁ‘azss?' .ti&go_éé‘/s’ga"””‘:@eﬁfaﬁrld’ e sion.
daugﬁ er radionuclides of the’ presen nven‘ilon,t e gﬁ%l gﬁgﬂf

zsmay also be an "other therapeutic agent" as described herein. A preferred
exampleigiip pléatid gdhesdpecticcageapdstobaxeriliicins i Thepoyskatoxicention
auntgofdhe-present invention also preferably encapsulate a solution
comprising at least one ionophore. Suitable ionophores allow transport of
the alpha-emitting radionuclide across the (at least one) membrane bilayer
of the' ifSainivsiafacats ErrFterhBF Riphureiably spenstily ipasaigion
30radioperolidiel wg titi fesiseo b éposapivei g itebisnp npphio s fincliddes asyitable
moleguir GaRablePhiBRIRAL KPR MEN Yomplatinn heREFISS NI NBRBRes

bilay [ IUm;ieNo ole, X§n7)o Il e
natu%ﬁ?fé’&?a%a%%%i%éﬁéﬁég?%fﬁ%ﬁﬁfﬁ&geﬁ%%ﬁ%%%é IE s oxen

|
and SEFSEEHBR RIS €At 241k ¢ bl SKseshraRstatiye
includeleWencrithie dhelipstiemesieanitleogrotgs fohaciaakatiole ofdime ethance of
35ion antcsayesabilaspedially thwdpehamiddgnpphyd ophekis substityenigive
to proyide shfficienid PiflaRRliIioSMTalIR AIRUDR RRIRG. A% %@ﬁ]@!ﬁmugh

C1to C18, especially C3 to C10, alkyl substituents.

20



Calcium and magnesium ionophores such as A 23187,
N,N,N,Nctetrabuty1-3,6- dioxaoctanedi[thioamidel); ;

wib Db ldgtstracyclohexyl-3-oxapentanediamide; NN- - pepygraonsmnaore
25dicyclohexyl-N,N-dioctadecyl-diglycolicdiamide;
N,Nr-diheptyt-N,NI-dimethy1-1,- butanedipimide;
N,N"-octamethylene-bisl:N-heptyl-N'-methylmalonamide], and others well
known in the art may be particularly suitable for metal ions having a stable
2+ oxidgtiemstateopspeciallypRoRamaueh-aSizdRaandiafd24 Rants include

Simil%U%e}(ElgMeE?%%&Q QPB%‘?@?U%EO@% modéfying ents {to siow diffusion of the

N,N-dioctadecyl-N, ipropyl-3,6- 30dioxaoctan mide may be

P ay
particBAH§ BRI OY BV HBEANBIRITtHE % £ Baipibh et adehand iarge
Th4+@q§s-397Ph)iIcThewsitasdiid agpne wts etz entirdiorion e dig hiytal
ssuitedday spedifie ealdkitingand-thliscaia:gitectiva oy waedatia dreatinelsion.
of hyperplastic and/or 35neoplastic diseases and for the manufacture of
medicgments for.su eatment The - 20 - cytotoxi¢c agents of the _
inven%%ﬁ %é%&?@'ﬂ%ﬁﬁ%‘tﬁtﬁ%ﬁf&%&éﬁﬁs il‘fﬁ(l%? OirSesti ERporpes wil
benighyPifialiy AaAt Eat erenetasemiecanewey dirbelfbilermsias Bpecifidic
exampiés-aheliseasessstitabtedfor treatmiikby thie-agenisiatihe present
rovinveptiganinetide smallicelandnR smal a4 M08 AARGREBAIINA it

melanoma, ov rian cancer, brgaﬁt cancer, bone cgmcer, olor]écancer,
bladdeP & 8RE I T ER oS B A P B O RO A L I TR S L DY
tumodrerthdoprgyistdl eratetr arsEadls parneuifny apprédBlevidtbrsween 2 and
appliceljenefifrshly erentiof ind|lidettromeancerhusiespHGialy Rypeiplaslieay
diseaggs goehiRnthed sdusfionehrrininliseases A BsReGIRIN.discases
15Pf the bene) nguding syl Eurhemors, the yiolode pgente e,
invenfiBi Gan be Used to target Bhe reticuloehaothanial Sy e tRESP S ther
thus G PERIBBETRIPIATARAD FBAIEIOM P RirePEa ik eser suene
treatnfenning) se@adtoiamunecanddissan feisetionadisegeescad oy may serve
particylpsrthe REaMS B ANBnIAYE MO B BRI SEEHS RS REVENIEEAH so as to
rejecton nUaNsplariaien sugery. 43, Hus o6 mbodiment ofhese
aspects ré‘fates t0 a method for rea‘fmenltn%ft% dis8hse st cSpBciaty’s
Z0tumoGRHEIE A28 R hent may preferably be applied through an
intratumi b imjestiary dioihfdsiore th A7sUbe bt by eNE radyeachtivaaid 2081,
in neqchof RuRk-iEeAPIRIdofa dherapevtical X effectiva AMRWAI PHRITA);
CY10Uie 4R} Z0ALAIIINGAL IRE IS RHAONSNORA MEMhod Providesr o)
local irfrddiation of the tumour tissue’ dnd/or turhodr neovascilature and _
also defwely GratTRastBRasHEr thdriEehlhddntfirahAtiksIBHPhosphonic
25therewith (JA{pRERIMItting radionuclides are highly effective in this
embogdirent fesarsecibeitsanget is, shoranghdamageateh siRHAAASs phonic
healthy; issue is minimised. Examples of diseases which may benefit
particular]y 25from this embqdiment of the invention are those causing ,
oty s e SRR A b AR e
ovari&fi®ancer, colon cancer, sarcomas, and tumours of the prostate. A
30furthetiembadirmeniof tE' NV enrtinacelateri tontiethodk: ioriheiatnest
of localy dispeminalsdieRnCers, sHokaRen NSRRRAIYRE MBSt vatives
perito gaell -or 30intracranially confined diseases. This treatment may
especially greferably be applied through loco-regional injections or
infusiBidses R EXIBBETRF ARUAlHRE TR eto e salsatesdEemidaiffoxyl,
effectecbaxmbusienfza clgctakrarggent or composition according to the
35inventian.diaza-4,7,13,16-tetraoxacyclooctadecane 1,10 NN' bis-acetic acid; and

1,10 diaza-4,7,13,16-tetraoxacyclooctadecane 1,10 N N' bis-malonate,



35Sitill another embodiment of the invention is a method for treatment of

locally disseminated cancers such as liver tumours, through administration
vl 200¥¥6Q06/043083PCT/GB2005/004074 - 21 - therapeuliea!¥praos/mo4074

effective amount of a liquid preparation comprising a cytotoxic agent of the

invention to a subject in need of such treaignent, especially to said

subject's blood supply to the affected area or organ, e.g. to the blood

supply to the liver in the case of a liver tumour. This may promote

transport of the agent/composition into 5the tumour. A further embodiment

of theﬂ@éf&%ﬁ%&%fﬁ@y&%ﬁﬂﬁmw&m &%ﬁgp&m Qf ¥SismicallY, 12nces and

disseminated cancer by intravenous |rﬁlectlon or infusion, or other

the
systePNEHRMARET AR Rsa SORLIAATEY S P oA HeeRprRRitatss apy daughter
therapuliviesliddOelfsbtive davicbht stanghariiectvtiteisporepaFfationample, if the

SCOMPHSIAYB-EYIetNti6 fadHinachocding fos BB E TN IBNhA fUSthENsition metal

embogimentl [henyenion £sIAlES.10,2 MeRRA JO5TeAMENL PR, yhich is an
mtraca[ étlary tumours, where a t tlcal%effectlvezwount of a

h herape
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need Whitieh mdamdisieby [fomesample Hjactiolse ihasiorirotheth the
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R Ao R 2% FEMAL car
o NG A BRSBTS T FAMOORE G RTA " other mucides
20intradkgriietaaaiear§vingiaperltoncarbat corsse e st erm tosahads preveously
cavitie@ermtﬁdd@ym&‘ricm:‘\diaicﬁ@Ma_ndrme&mmeéiamam‘mﬁ iu.ritclamlae is very
embagimentyiBe Pie R LIS HR PR S IRFNB 456 Q@ AR IR fesent.

agent of the invention as a local, regional and/or systemic follow-up

treatment 25following other methods of therapy, particularly external beam
irradi&tioncmb péifiefidny SUrgens. aeeiPERDOURME tis cyrorosicingesies
may behatninistaied insohdemtodnglpsttigniniatet any sieenng rdisedisetklide and
cells wﬁ@ﬂfm%?tfgﬂlﬁgz%@tﬁﬂ@@;wé QIHESE i%ﬁf%@%‘éﬁ%i%cli%e in
surgery. In particular, where a.solid fumour is resec rgm a cavi

the ST SF LRGSR e fimhst ARk e G i ey n e

20may Irstirdehte atirasrderetlifed i sidrier aisetnss & cendrdmahsiaton need
This watlhd fre adat albtweatm éntvermsbdinhend, whlerestth ¢hoytbtoxichalgentmay be

\éIV_as f@ﬁmleliﬁt@;@ta%@n! maengﬁbﬁ@afﬂy ngdﬁ@mﬁﬁgiﬁ;ha‘@m% OF IS ian oy

Irect a icatio Ing t SUEQI roceaure., e ream.,.ointment qr

pamt,sz%%g%gﬁﬁ%ﬁé e s

(or in‘SEARRRRGHY e AARE RO Hgehidista s Bagrprlifeis ArPs i esiient

25after surlyesy, fobls 22, abkawgble bycneasavityemjectiipcerirdusioferdly be used
achiensraustilrpost-Sorgesy, siesiis atignulefiesd concentrations of heavy metal

1ons.

Since ionophores, as described herein, also serve to chelate the heavy atom ions

30 used in the present invention (as described herein below), the "éhelators" as
described herein may, in one embodiment of the invention be ionophores. Where
this is the case, the ionophore and chelant components of the cytotoxic agents of the
invention may be the same compound and will be present at a level sufficient to be
effective in both roles.
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In the case of known, suspected or otherwise indicated metastatic

disease, the agents 5 of the present invention may be applied
weYsisniGally in combination with surgical resection or other geaimeatHioas 7z

the primary tumour. In such cases the agents of the invention will

generally be formulated as injectable andjay infusible liquids suitable for

administration to the blood stream, 10As indicated above, in appropriate

applications the agents of the present invention may be formulated as

pharmiaceuticah compeSHERS tnemmmhgjeefﬁeé@r@n@é%iaﬂﬁ@@ﬂy

lauidsertinpatie{os ditian belore AMRINISHAIRN ASHIEAME, OFIE chelan:

soluble or in oI atches, p ints, ointments, sprays,
mpregn%te %6? Bi 3?%’&?% ‘?B BfeGEEIBT AN other suitable

formulations known to one 15 of ordinary skill in the art. Such
fompdsitibnserd] cesiradiyicdibptise agé@ﬁﬁhgn&:maﬁm@@@l&&ﬂ\%ipha emitting

tO|erapi@;8&1{5!%9%%%M%Gé}ﬁ@x%@éﬁﬂé@ésfgf e&%@% FeLESRINe o plexing
buffers thlckenqrs colorargh tablllsers sters, VISCOSIty dt fiere
tonicitEmodifers: saHa" si ars BAya '§I§P tp(S’gt il B?H%f%lﬁeﬁ‘tﬂﬁféfmd

knowPIBREE SkiekrlrorRd e@ﬁ@“&‘ﬁﬁﬁ?@‘siﬁ AsRAiEYe administered by
any suitable method, 20such as infusion by means of a catheter, injection

1y meﬁﬁ&?gﬁﬁ%@@&@l@ %ﬁ@gﬁ%e%l@% %Wéﬁﬂ@n?sﬂ%%’}ﬂ@f@%ﬁ&%@a paaeleSution
syringe, or direc Ication or .a loc ulation, suc
gc [sing aﬁ&% 10NG % Pai)q] on]g)ﬂ]ores I—h Xmgomg%%%lphaw

painting g ete Inap reten-ed embodimen
agent%g’s%%l{?@t?ﬁéﬁlé‘ilﬁ suasethRiiAifratras) aephreet blineeaidin Foginree and
comprkingeakisadethmeistagesiesapdd nipistrgtiadiafliposonm®m the liposome.
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sse iROS stributiQn an ntial tumour targetin
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in\éenﬂﬁ)ﬂ)gee aaastﬁﬁﬁ@%Ma%%?mrb}laa%ﬁ)owiﬂehﬁ&ﬁr{%w£é{ﬂeﬁaﬁt

order P95 te ma serye as th

pre-tr %‘%m of sté’p%fﬁ drnvg[ls o )Sh (%Ofﬁgisne &ep s%?%satg mgﬁfie §ffificient lipid
simulg 6'.5*&&%*{%%%%@%{%&&{ Bastals: @%91@@8@6% tferidEroralky!
imagifigpgiesy... A period of 12 hours to 10 days, preferably 24 hours to

7 5days, more preferably 2 to 6 days is preferably allowed between

pre-tregiment.siep 3 L@Mgﬂ&tw&@ ) Ehek é@fgﬁw?%a 10055

a), an wil erabl comp e essentially the sam
mixtu éof%’ %‘%‘ﬁ‘l&h %ﬁéﬁ?%ﬁﬁﬁ%a&@%ﬁ%@ﬁﬁ%‘i@%@e N,N-

25samedifustalpagize, ﬁnéléﬁ@i@isirﬂégiﬂgwsmm{ﬁmt%«d@nwbydﬁNrNéﬂimethyi 1,-
liposdmeseiisieg: aNa@CUEam&Hﬁﬂ@&ﬁsmﬁﬁhﬁﬂﬁwuﬁéﬂ%ﬁﬁiﬁﬂiﬂ%ﬂ\ Rd

step %}hé&@v@!gﬂ}ﬁ@ﬁ%fp{ﬁgm 1&%%99&9%? ol ?atielgntg)h\ﬁvxlflilng a

carry at I ton thera eutic age rthan an alpha emyiti
radlon%ucrgg B TN VAL é?&%%‘&mfé?ﬁ P % is PAARIABIy tﬁé‘[ fgilary,

Ilposm%ww%ww ﬁrﬁﬂé‘%‘lﬁé@éﬂt@ﬂ%é@ﬁ@mbééof steps a)

30and djicxsadiscediseddabomebd bartiesbiiyveimicthibe ey be-en hanrceehby-+
one Q{xmgﬁgggﬁggigmsdgﬁme(&gmﬁ;f method and/or of steps b) and c).
In an alternative to the above method, for example where visulisation by
use of liposomes is not required, steps b) and c gof the above method may
be usEP RHRBTHOSRIR QB RERIESHy BY S a7° Stk BysAdosypreiliciect
highl{riprefemd dthael miniEleetiionfon esthad et tbsoostotd bigpagentscahthier

35 preseRbiNeRlnnSBCedIR R GRAAINAR HRGELNSSY S SHON RSNt The
liver can be controlled in this way. A preferred method is to administer
liposomes containing the "other" therapeutic agent but no alpha-emitter in
step b) and then administer the corresponding cytotoxic



25agent in step c) at a time period after as described above. The present
invention provides a method for the synthesis of liposomes enclosing a
weRlion geinprising at least one alpha emitting radionuclide ghd at Jga%lso74
one other therapeutic agent. This method comprises contacting liposomes
enclosing a solution 30comprising at leastone therapeutic agent other
than an alpha emitting radionuclide with a solution comprising at least one
ionophore and at least one alpha emitting radionuclide. Preferably, the
methaghofdthe inpveptiomisia meathogddenthiormnation o aLyotaxic.agent
o (e Ul FEAEIPSANELEIN . 106 IRARAMES AIER IR Riermas.
described herein above and wi prefaérably contain at [east one
35chelating agent in addition to the at least one other therapeutic agent. -
24 - |F ey akaratives miedivoth of thigtine Entiomitetdh Srethevap ebitic ageett
Jmay heveadeddeiaighenlipesbmes: afiesaad/anising tanesuabliviththRlanoma,
loading, of the.lipgsemes witkfhe radignuctide, WO NEIeaUNRS corvical

simultaneous, this may be during liposome formation/reformation or may

be ot MHERBel RRIS el AN A ST RSP OFAS Pl

inventisAassapat aptibeaspltaldrg theosshvetcerdiguing ansiofutitiude non-

comprisiog dis|esstons therapasiic Aganisiftefdhas @uiphce Palingdiscases
1adionuglide angiableask ape, chslaniwhichamay be.ARJORGENALE 8% oxic

described aboye) with a "loading solution™ comprising at least one

onop I S TESUORE BaI Srathe A LRCHAe ATl Ao a RS
total ESACBRUEACH BhehorrtTGeogriAigad Biyfarrhsporewsrossupl treatment
liposdméutrembianeifromdhesleadipgisolitienesThe! copiadt0f L iposamess the
with the daagingsaluticsiis BrefesabbacaniediouiAlia temperatiis ahows,.
5phyS|oIog|caI temperature This temperature is thus preferably 15around
45-90C, more preferably around 50-80C and most preferably around 60-
75C. Hithergerbofiasbirighencarpagtprdusaing petbekietestommtindeidisease
is capaidlespédid hysponingrthealigavychetatmad oryclidemblode tpplied through
LirI100S_QIU@;&FHMJ&;’&“&%e%%i@h%%?/ﬁﬂsf@ﬂ}@%@%}%%t@g%ﬁeﬁwQ%ﬁ)n'&%@@&?c} in need
physi ical and/or. room, and/or.refri ted stora mperature.
e g O O oA ol

20lipid (SPEREPRIHBaIBEEHRRS SHid Aasthre aenedrs dosy igatlineiee &bt Grmour
loadingseffectine mevsinrte et efdrdsindd ntioncdind eading stalbility at
physiglagisalioarpitel gaipiad SIQFRERVIAM PESRIWRRH RIS N RLSASI highly
aCCO%ﬁé&?@%&éﬁﬁ%ﬁ;@é&%@%ﬁl&‘éﬁ' inihe apt a"‘{i‘%‘é"&'ﬁﬁ eiate At e ing
number and nature of the hy I’OpChOfJIC groupg in the ionop oreswill refae
to the E4EY RRHOBWH 1 noRIERIEs A B5ees YicipRerRansitaprstioiarly
25methbdrofthireepresbmeirvé ttiom yaeijcadditioralireongeusd thestspseth as non-
formipg dipedomes caiainingsaidntieasi:0 oether spRticAgaRLAther
than gg}@g@gg&{@%@@@p@ﬁg pe.pyior to contact with the loading
solutign, Such methods arg well 30 known in the art and may be used to
L S e e A
otherlagjihitd isssmigriadadnsereirlich ke fRaiNEIPCH pveoTBeUED absIfigneally or
30certainitherapeiytic:afient diates eoriie roiattycavailabie #ai piha preaeebliical
purity,ghekMavohenisssl Agithe sitingmatanaldnsthis  esnestisrREUPL ch

or after e formatipn.of e Iposames andior after ther contact with e,
loading Sso Lﬂlbn, the flpposome may B& SUracS fungﬂona}ﬁsﬁ angfgrrposte

surfaggrording to the invention.
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35 Still another embodiment of the invention is a method for treatment of locally
disseminated cancers such as liver tumours, through administration of a



- 25 - modified to provide desirable residence and/or targeting
characteristics as described herein. It is preferred that all formation and
whiglignalisation steps for the liposomes be 5carried out priog{aiBgHos/m004074
loading with alpha-emitting radionuclide. In this way, the | iposomes may
be produced efficiently on a relatively largg scale and stored, if necessary
for periods greater than several half-lives of the alpha-emitting
radionuclide. These pre-prepared liposomes (which form a preferred
elemehtafa:kiail tfeitventionastesqttgsderainh mayhencbelasded: agent
with ragienpclide Hrelativaly, snouly before Admiisianon. i IS WakyRers
Iabor%éogy mag malﬁ}téal stgck of therlfl‘tg;some omponent and source |
the ra %r%iusgl?_éy 48 eqagﬁéfxﬁ of APpEd Siﬁ'gt(bg}%‘ﬂ?é"ﬁfjé’fﬂﬁayotptﬂﬁ liver in the
invenfisig.of Rid ysrovites a Cohside papieo BovRiRIgeoin zlegeingehesititinento
use oftretadiveely short lived alpha-radionuclides in combination therapy
without difficulty and extensive preparation steps each time a batch is
15required. In thjs embodiment of the method of the inyentign, an
omonea e G RS 5 A et i ma g f
radiofUERHE-PHY dBsenHBEhEraTE) WHEHBHNY W forHedIRbRItIBRIBPBANE Other
ionophoteranddsaid e radionbeidé Tdeis shlutlondsthan contastedutically
1ovith suitable: iposomes aeeording.tathe.method BhhesIRYanin A% agent
desc”%@&@%r?& %9 I‘pegﬁget still further aspect, the present invention
provi&es & KIETo ﬁ1enforma’t1|'on of a cytotoxic agent comprising liposomes
wherein said liposomes enclose a solution comprising at least one alpha
emittingirgbko nubliderendcdt he astcaneottieretherapetitic 25agantesaid kit
compr;i@mviiﬁesm%@,%@&@H@@F&?@ts@ugi%m&wﬁﬁmt%ﬁig FRGSE agent
10ne olper herapedlic adent andpreteraly glicast one ehelating. agent o or
said liposomes preferably being in the form o A a ueous susp r]asloﬁ, %W
said SMBRECAEHIPRATSRIIAY FiBIiGA GERgEr %ﬁ%?%)ié%‘r}é?%ﬁé?@ﬁawwe for
the formubfcaesopetion i36@ptiarihépptue kiffeof thehpresent sufentiotalBaavities
comprisR. @RS AharNasaytisaiacceniablemeasiarsrexainepisiandior
means{aidhe AMINALRN SlNe RIS, 1205 A0°R! ALK ooy o
instructions for the formation of cytotoxic agents of the present invention.
205ince AR SARCETHEBFHHOTAVEANTER A& seTylaratetdu tBsprtppRieated
suitalble Bpregrdpdiedoiposonsestimjitdns.method of the invention, in a
further aspect the invention provides a kit comprising liposomes,
optionpibrARG s ARIYRI I BALER IR AGP MG SHTRNEIND & 1888 oxic
one therapeuﬂc,agent otheér than an _aIrPha emitting ra ionuclide and
agent of the inVention as a local, regional and/or systemic follow-up treatment

25 following other methods of therapy, particularly external beam irradiation and
particularty surgery. In this embodiment the cytotoxic agent may be administered in
order to help eliminate any remaining diseased cells which were not killed by other
methods or were not removed by surgery. In particular, where a solid tumour is
resected from a body cavity, the site of attachment of the temour and/or the

30 surface(s) of the cavity may be treated in order to reduce the risk of diseased cells
remaining. This would be a local treatment embodiment, where the cytotoxic agent
was formulated as a liquid, gel, cream, ointment, paint, spray or similar for direct
application during the surgical procedure. A gel, cream, ointment or paint,
especially a gel 15 highly preferred in this embodiment. Alternatively (or in

35 addition), the cytotoxic agents may be administered to the cavity after surgery, for



10preferably at,least one chelating agent, said liposomes preferably being
in the form of an aqueous suspension; an ionophore, preferably in the
wiamuehagglution; and 15optionally and preferably instructiops-fRdoading o4
said liposomes whereby to generate a cytotoxic agent of the present
invention, said instructions most preferably4ndicating that the ionophore
should be contacted with a fresh sample of alpha radionuclide whereby to
form a solution of said ionophore and said alpha radionuclide and
subseeuenily by HitubiangouitidieiusA0gensrmed selulion contacied.
with sgighkinasames. .The invention will now be illustrated by means of the
following non-limiting Examples. All documents referred to herein, both
above and in the examples below are hereby incorporated by reference.
25 ExHhiptesnafkmanm. Ssate(E THOPE30fitepdratontol s diionadidagents
Radiuof#23ruas piroeusedigrb2Ppae (iki2m ally)BahBaaTbn(HA furgica
18.7 dhaceering dnthe emosshe Eﬁﬁ&@tﬁgnmﬁthﬁ%ﬁh'?&%f{&@ i Rzents of the
01)). Briefly, 238l§a was

(Henrilksgn et aI..lII?adiocﬂmE)Aézta 89, 661-666 (%8 _ 3Re )
separated ffom heactnldes ERAT PRI WL e SN Hauifs suitable
followEd pustiRtEcRdheblaBtHfetmatography and filtration through a

sterile filter (Millex GV 0.22 mm, Millipore Carrigtwohill Co, bland). - 27 -

| EXamALEdaich QR0 O A23R8HALC IRRRONRRR thd dRASORIAL AQKQIAIGD on
(Caelxg(&g éﬂcg&%gﬂ%tg%o%%q] Séﬂ%gﬁsg@(r)ka, N(t)rwa %rres nding tho 2 y
mg doxorubicin per ml Was subject fo butter exXCHa AL biHErable and/or
contalfifHE e fanids @E@%iwdfj@o@iﬁw SHETERI BT Withs NSO 1aels,
pH 7-8labid concehtbiddichtisnestoy, patenttingecongentation aariridge
(M||||_||p&fsﬁ)f‘é%@&Tﬂﬁﬁ%\é’%&m\@é\ﬂ?@fmgﬂ%@u@%l%m%%%m%gw% il:g one

illipgre, or inserted into an Eppendarf Centrifuge

I%ppgrﬁorfgggr%gﬁy lti&‘)ep%I)Féalrt}“éscxp %a?%%@%ﬁgoﬁ 156’53}%‘. Ceg'lﬁ?ﬁﬁf“t cast one
inophBPa ESSIHHEHR SOl el CrATRIAT SigRiaSHER ATV foSnipetias, sterile
dissobséid¢cbatteandabimiation, oblbrangs peabihkischideafasrers Apprestimnatelifiers,
15 miyasigddedsers saltyiahand yﬁ%@"ﬂ%ﬁ%% AHARHAELLAEIR @ KEEA o
of argqn IR, genera %raﬁlig C%%?Lgoa}ml%la ore on.the i@ger surface .of tfgﬁw P

ilu ’

vial. The 223Ra solution was diluted in a ,olﬁﬁo[rzlng geﬁtejro ea%dﬁ% 'fgln
20HEPES BB HING. P MERa rhvAS B e dtisditeaty SteaamaZoteRtlegd needle and

concetittagedCasRavey added elFhe joadimgmdixturepplasShakbnitends

minutesHm Aithesmpmixar {paendarhieesmany) followed by the addition

of 200 ml 10 mM EDTA solution. After 5-10 minutes further shaking, the

mixtuye was tran fer{xe&%to a %ﬁ hadex G-25 PD-10 20column and eluted
with 0586 RS PESORH ™ FRE R At FeBEPRalf gy IRIBEE Ae Hadegcribed herein

25 are administered as part of a treatment regime comprising at feast three-stages:
a) Administration of liposomes comprising at [east one imaging or image
enhancing agent whereby to assess the liposome distribution and potential tumour
targeting,

30
b} Pre-treatment with at least one dose of non-radioactive liposomes whereby to

reduce accumulation in the liver/ reticuloendothelial system (RES).

c) At least one administration of a cytotoxic agent of the present invention.
35



visible red colour and was collected and added 10% of a 10 Dulbecco's
Modified Eagles,s Medium (Sigma, MI, USA). Subsequently, inside a

wiieilg Hogsh the Liposomes were sterile-filtered through a 0.¢ e
filter (Millex GV 0.22 pm, Millipore Carrigtwohill Co, Irland) mtg}gd%ﬁ& H’ %Im

that was subsequently capped 25with a metal/rubber cap. The vial was
stored for at least three hours to reach equilibrium between 223Ra and
the daughter nuclides before quantification of radioactivity was performed

usmg@e@a@lgg}t%&&o;?f MW@}%!IW@@M%WJQJ the, Ra liposomes

series in equ librium Wlteh dau Etern cI| es. 3 Jf 0 I%e

amount 0%%@9?3’ RSHEaRE % R AR TS SShe j&i‘\}/a‘% |é§}ﬁ%S%F S SfePs
51 to B? @}%"P&‘H}*ﬁ%@ﬁﬁ?%“&ﬁP%iiééﬁﬁféﬁ%’ﬁﬁf%@éﬁﬁm ehgserib eriamgnducted
223Rbeford lipasogeep3funderitenticHl tonditiorisdapecepitéoatitye4 hours w 7

S?bsf%?s?f?!@z@ E@!i% %mwgdé&?ﬁst%%&é%/pyoﬁmﬁa%%%é@ fhe.d ﬁ@&&%%te
raction elyte e colu

Sty TS R 37 Ea?§ R R s S W e

Each %a&&%@tﬁgﬁé@%ﬁwj &ﬁ%aﬁgmmw'af?eﬂae%%@%\aﬁwh@em of
223RprerwHpsutatd il l@aekxdipstmbs asprepaedsincExdmiphed stotfteion

1 hO}H’uMéﬂ%@MWcﬁ&}ﬁ ﬁbﬁ@ﬁeim%%@lﬂa&m‘a@é]wgﬂﬁs\%eﬂ% therapeutic
joSacrifig %ﬁﬁ&?%’éﬁ%}y §nﬂﬁr}? ﬁg %5 ?69 J}gg&a%hgaﬁeo\?%g%?s of step b)

materia was measure Uthﬂ

compBiEFaNRHE Ehes PR RERAHI WSS e P e eapelide
a soldtioncofailyosdhresnbutdmotenéappisiatell tHbrethy. | TBResedts! Sttrbdatse
indicaig thakitine snsigactivily blanskelsatance) imeonHstBatMEE wWaat was

the expected clearance for this type of liposomes. Liver uptake appeared
to be r atlvely low for the whole erlod studied while there was a

Bsignifitdht W taREH B BERPhE R IRt & BRBIABHO HE renmalsts
by th@&éﬁﬁ@ﬂﬁﬁé@ﬁaﬁe%ﬁ)m@mn was increasing with time, probably
because of a slowly catabolism of liposomes causing release of 223Ra.

In an alternative to the above method, for example where visulisation by use of
liposomes is not required, steps b) and ¢) of the above method may be used without
20 - orindependently of step a). Steps b) and ¢) provide a highly preferred _
administration method for the cytotoxic agents of the present invention since uptake
' to certain non-targéi tissues such as the liver can be controlied in this way. A
preferred method is to administer liposomes containing the "other" therapeutic agent
but no alpha-emitier in step b) and then administer the corresponding cytotox;.c
25 agent in step c) at a time period after as described above.

The present invention provides a method for the synthesis of liposomes enclosing a
solution comprising at least one alpha emitting radionuclide and at least one other
therapeutic agent. This method comprises contacting liposomes enclosing a solution

30 comprising at least one therapeutic agent other than an alpha emitting radionuclide
with a solution comprising at least one ionophore and at {east one alpha emitting
radionuclide. Preferably, the method of the invention is a method for the formation
of & cytotoxic agent of the invention as described herein. The liposomes are
preferably as described herein above and will preferably contain at least one

35 chelating agent in addition to the at least one other therapeutic agent.
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There was a distinct difference between the distribution over time for the
two 223Ra forms. This difference was particularly high in the blood, partly

whegasisaghthe slow 25 clearance of the liposomes from blopgratshpaitiye7s
due to the rapid clearance of free 223Ra For most soft tissues, the

reten

tion of the liposomal form was signifigantly elevated. The tumor

uptake of the liposomal form was initially modest due to the low
30vascularization in this tumor model, but incrased with time. The

reten

tioannlteimer wasthighdtithanvimmasthefdher oibemnsoft igshes £ abladed

3 anq_r!‘:tjgﬁll@i% s&99%‘%/@8@@9&8&@%%9@1&%8&5&’% liposomes with
comb@atlon t

nude
31h

erapy with dgxoruhicin.had a relevant biodistribytion n
feabinmicli IVhess telouding iln AR T THie BN S e ETREe
SIBtei RGeS Stdety 96 Hiniis Staew k14PN B3RS0

The method of the present invention may comprise contacting liposomes enclosing a
solution comprising at least one therapeutic agent other than an alpha emitting
radionuclide and at least one chelant (which may be an ionophore as described
above) with a "loading solution” comprising at least one ionophore and at least one
alpha emitting radionuclide. Alternatively, the total concentration of chelant my be
provided by transpa}i across the liposome membrane from the loading solution.

The contact of liposomes with the loading solution is preferably carried out ata
temperature above physiological temperafure. This temperature is thus preferably
around 45-90°C, more preferably around 50-80°C and most preferably around 60-
75°C. Furthermore, the ionophore may preferably be selected such that it is capable
of transporting the heavy metal radionuclide across the liposome membrane at
elevated temperature (as described) but not at physiological and/or room and/or
refrigerated storage temperature. Selection of a suitable ionophore for this aspect
will depend upon the lipid(s) used in the liposomes and may be achieved by routine
testing of loading effectiveness in the method of the invention and loading stability

- at physiological/room/refrigerated storage temperatures. This will be easily

accomplished by one of normal skill in the art, who will appreciate that the number
and nature of the hydrophobic groups in the 1onophore will relate to the ease with
which the molecule can cross the lipid membrane.

The method of the present invention may additionally comprise the step of forming
liposomes containing said at least one therapeutic agent other than an alpba—emitting
radioisotope prior to contact with the loading solution. Such methods are well
known in the art and may be used to provide any desired combination of active
agents and/or chelants and/or other agents as indicated herein, Alternatively,
liposomes containing certain therapeutic agents are commercially available in
pharmaceutical purity and may be used as the starting material in this respect.

During or after the formation of the liposomes and/or after their contact with the
loading solution, the liposomes may be surface functionalised and/or surface
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modified to provide desirable residence and/or targeting characteristics as described
herein.

It is preferred that all formation and fuctionalisation steps for the liposomes be
carried out prior to their loading with alpha-emitting radionuclide. In this way, the
liposomes may be produced efficiently on a relatively large scale and stored, if
necessary for periods greater than several half-lives of the alpha-emiiting
radionuclide. These pre-prepared liposomes {(which form a preferred element of a
kit of the invention as described herein) may then be loaded with radionuclide
re[ativély shortly before administration. In this way, a laboratory may maintain a
stock of the liposon{e component and source the radionuclide as required for simple
loading by the method of the invention. This provides a considerable advantage in
allowing the routine use of relatively short lived alpha-radionuclides in combination
therapy without difficulty and extensive preparation steps each time a batch is
required. In this embodiment of the method of the invention, an ionophore is
contacted with a fresh sample of a suitable alpha-emitting radionuclide (as described
herein) whereby to form a solution of said tonophore and said alpha radionuclide.
This solution is then contacted with suitable iiposomes according to the method of -

the invention as described herein.

In a yet still further aspect, the present invention provides a kit for the formation of a
cytotoxic agent comprising liposomes wherein said liposomes enclose a solution
comprising at least one alpha emitting radionuclide and at least one other therapeutic
agent, said kit comprising; | |

liposomes encapsulating a solution comprising said at least one other
therapeutic agent and preferably at least one chelating agent, said lposomes
preferably being in the form of an aqueous suspension;

said at least one alpha emitting radionuclide;

an ionophore, preferably in the form of a solution.

Optionally, the kits of the present invention also comprise other pharmaceutically
acceptable carriers or excipients and/or means for the administration of the cytotoxic
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agent and/or instructions for the formation of cytotoxic agents of the present

invention.

Since the oytotoxic agents of the invention may be generated simply from suitable
pre-prepared liposomes by the method of the invention, in a further aspect the

invention provides a kit comprising

liposomes, optionally and preferably pre-loaded with a solution comprising
at least one therapeutic agent other than an alpha emitting radionuclide and
preferably at least one chelating agent, said liposomes preferably being in the

form of an agueous suspension,
an ionophore, preferably in the form of a sclution; and

optionally and preferably instructions for loading said liposomes whereby to
generate a cytotoxic agent of the present invention, said instructions most
preferably indicating that the ionophore should be contacted with a fresh
sample of alpha radionuclide whereby to form a solution of said ionophore
and said alpha radionuclide and subsequently or simultaneously the thus

generated solution contacted with said liposones.

The invention will now be illustrated by means of the following non-limiting
Examples. All documents referred to herein, both above and in the examples below

are hereby incorporated by reference.
Examples
MATERIALS AND METHODS

Preparation of radionuclide

Radium-223 was produced from **'Ac (t1/2 = 21 y) and 227Th (t1/2 = 18.7 d)
according to the previously presented method of Henriksen (Henriksen ef al.
Radiochim Acta 89, 661-666 (2001)), Briefly, Ra was separated from the
actinides *’ Ac and **’Th by the use of Ac-resin followed by cation exchange
chromatography and filtration through a sterile fifter (Millex GV 0.22 mm, Millipore
Carrigtwohill Co, Irland).
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Example 1 - Loading of ™ Ra into liposomes

1.1 Liposomal doxorubicin (Caelyx®, Schering Plough AS, Eiksmarka, Norway)
5 corresponding to 2 mg doxorubicin per mi was subject to buffer exchange with a
buffer containing 20 mM HEPES and 300 mM sucrose adjusted with NaOH to pH
7-8, and concentrated 3 times by a centrifuge concentration cartridge (Millipore
UFV2BTKI0, 30 KNMWL membrane, 15 ml max volume, Millipore, Bedford, IL,
USA) inserted into an Eppendorf Centrifuge 5810R (Eppendorf, Germany) operated
10 a1 20 OC and 1400 ref. Calcium inophore (Ca-ionophore, Calcimycin, Sigma, St
Louis, MI, USA) was dissolved to a concentration of 1 mg per ml in chloroform.
Approximately 15 ml was added to 2 ml vial and the chloroform evaporated of in a
stream of argon to generate a thin film of Ca-ionophore on the inner surface of the
vial. The **Ra solution was diluted in a solution of sucrose (300mM) and HEPES
15 (20 mM).
The vial was preheated to 60 oC and 200 m! of concentrated Caelyx was added.
The loading mixture was shaken for 45 minutes on a thermomixer (Eppendoi*f,
Germany) followed by the addition of 200 mi 10 mM EDTA. solution. After 5-10
minutes further shaking, the mixture was transferred to a Sephadex G-25 PD-10
20 - column and eluted with 0.9% NaCl solution. The fraction containing liposome had a
visible red colour and was collected and added 10% of a 10 " Dulbecco’s Modified
- Eagles,s Medium (Sigma, M1, USA). Subsequently, inside a sterile hoo&, the
iiposomes were sterile-filtered through a 0.22 pum sterile filter (Millex GV 0.22 um,
Millipore Camgtwohill Co, I'rland) into a 10 m| vial that was subsequently capped
25 with a metal/rubber cap.
The vial was stored for at ieast three hours to reach equilibrium between **Ra and
the daughter nuclides before quantification of radicactivity was performed using a
Capintec dose calibrator, which was calibrated for the *’Ra series in equilibrium

with daughter nuclides.

30
{.2 Loading yield
The amount of *’Ra loaded into the Caelyx® liposomes was in the order of 51 to 67
% for three individual experiments. A control experiment using **Ra and liposomes
35 under identical conditions, except for the absence of ionophore, showed less than

1% of the **Ra in the liposome fraction eluted from the Sephadex G-25 column.
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Example 2 - Animal study

10 nude mice were prepared with OHS osteosarcoma xenografts. Each mouse was
trated subcutanecusly with one dose of 373 kBq/kg of 223Ra encapsulated in Caelyx
lipsomes as prepared in Example 1.

After I hour, one day and four days, three, three and four amimals were sacrificed
respectively and and the tissue disiribution of radioactive material was measured.
The distribution of radionuclide was also cornpared with a control in which the

radium was administered as a salt in a solution of hposomes but not encapsulated

thereby.

Resulis:

" The data indicate that the radioactivity blood clearance is consistent with what was

the expected clearance for this type of liposomes. Liver uptake appeared to be

‘ relatively low for the whole period studied while there was a significant uptake in

the spleen. The uptake into the skeleton, as reflected by the activity in femur and
skull, was increasing with time, probably because of a slowly catabolism of

: : 773
liposomes causing release of ““Ra.

There was a distinct difference between the distribution over time for the two **Ra
forms. This difference was particularly high in the blood, partly because of the slow
clearance of the liposomes from blood and partly due to the rapid clearance of free
*PRa . For most soft tissues, the retention of the liposomal form was significantly
elevated.

The tumor uptake of the liposomal form was initially modest due to the low
vascularization in this tumor model, but incrased with time. The retention in tumor

was higher than in most of the other soft tissues (Table 3 and Figure 1).

Conclusion; **Ra administered as a liposomal combination therapy with
doxorubicin had a relevant biodistribution in nude mice.

Table 3
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Sample Time Pant 1 Thue Foint 2 Time Point 3
i hour Stdev 24 houors | Stdev | 96 hours | Stdev

Urineg 14779 12,53 4,30 1.60 1.25 1.17
Blood 29.65 1.98 8.36 3.00 0.72 0.27
Lungs*® 9.86 2.35 2.62 0.95 0.51 0.05
Heart* 3.95 0.09 1.28 0.47 G.15 0.07
Liver® 318 0.70 1.18 0.33 0.24 6.07
Spleen*® 12.11 .93 17.31 1.37 15.13 5.37
Kidney* 1212 0.38 5.29 1.06 1.64 (.52
Stomrach® J1172 0.32 2,14 0.90 (.49 0.18
Small intestine* 2.66 .33 2.01 0.653 0.23 0.13
Large Intestine* 1.02 0.09 2.19 (.40 0.47 0.24
Fermur* 4,96 0.96 10.74 3.01 13.93 1.68
Muscle 0.64 0.10 0.45 0.10 0.30 0.17
Brain ' 0.69 0.t1 0.11 0.08 0.05 0.07
Skult* 3.86 0.49 §.32 1.43 9.51 2.46
Skin 1.98 0.26 3.65 0.87 | 113 0.40
Turmor 1 1.54 0.04 231 0.69 0.91 0.14
Tunior 2 1.51 0.17 5.4% 2,73 2.36 220

Example 3 Biodistribution and Clearance with Pretreatment

For Examples 3 and 4, Normal Balb/C mice of both sexes (around 12 weeks and
weighing 18-25g) were used, as were loaded liposomes produced in accordance with
Example 1. The research protocol was in accordance with the European Convention
for the Protection of Vertebrate Animals used for Experimental and other Scientific
Purposes (ETS 123) issued by the Council of Europe and approved by The
Norwegian Animal Research Authority. The mice were housed under standard
condition and had access to food and water ad libitum.

Optimisation of pretreatment

Before the injection of liposomal mRa, the mice were pre-treated with doxorubicin
liposomes (Caelyx®) to reduce the reticulo-endothelial-system (RES) uptake of the

product. An optimisation study was conducted ahead of the main blood clearance
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using the pre-treatment/treatment interval of four days, facilitating the highest
blood/liver ratio of the liposomal **Ra.

In the main study, the mice were divided into four different groups. Each group
consisted of 6-7 animals of both sexes. Six mice in each group received an i.v. pre-
treatment with doxorubicin liposomes (8.1mg/kg) four days before the main
treatment with 375kBqg/kg *“Ra and doxorubicin liposomes 0.9mg/kg iv. One
mouse in each of groups two, three and four, were left untreated and were used to
measure possible reuptake of the product from faeces or the bedding.
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4. The blood clearance of radioactivity (Figure 3} is consistent with clearance

expected for this type of liposomes indicating that the liposomes are not destroyed

by the bombardment of aplpha tradiation.

Table 4 - Percent of injected dose per gram of tissue” of liposomal **Ra in Balb/C

mice (main study) on four different time points.

Tissue ! hour 24 hours & days 14 days
Blood (Bl 3051319 17214188 1.08 £0.77 0.05% 002
1 Lung (Lu) 11.89+2.17 8.37+1.63 1.29£0.58 0.19+0.10
Heart (He) 3.85+2.54 2.85%0.59 0.38 %025 ND"
Liver (L) 45908 3.19+£037 0.53 & 0.07 0.17 + 0.04
Spleen (Sp) 13.78+2.32 32.36:7.04 42,46 £ 16.92 2947 % 12.16
Kidney (K 1741+£234 9.07+0.87 311082 0.33£039
Stomach {81 1.90+ 029 2.50£0.52 0.88 +0.24 632%012
Small intestine (81) 2224025 2124024 0.39+0.12 0.06 = 0,02
Large intestine (Co) 127020 297+104 063011 0.09+0.04
Muscle (Mu) 6.61+0.13 0.46£0.15 0.26%0.14 0.18%0.15
Brain (Br) 0712021 042+0.15 ND ND
Skull (8k) 431+£1.55 638+ [.25 1505+ 4.56 1238+ 3.57
Femur (Fey 582+173 763074 1563 +£3.90 16.99 = 3.85
Skin 0.69+0.55 196+ 1.14 ND ND

Mean+ SP, n = 5-6 animals

YWD = not determined (because of low activity counts vs background counis)
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Among the soft tissues, the highest uptake per organ was observed in the liver
(Figure 4). The weight adjusted liver uptake, on the other hand, appeared to be
relatively low for the whole period studied while there was a significant uptake in
the spleen when data are presented as % of injected dose per gram (Table 4). The
uptake into the skeleton, as reflected by the activity in femur and skull, was
increasing with tirne, probably because of a slowly catabolism of liposomes causing
the release of *?Ra. Although liposomes could be expected to have some uptake in
the bone marrow, which is present in the femur, the uptake in skull, which do not
contain significant amount of bone marrow, indicate that most of the bone uptake is
from free radium. It should be nioted that the difference in uptake in femur vs. skull
also was observed with cationic radium and does not necessarily reflect

accumulation in the bone marrow.

In Figure 5 the Localization Indices (LI}.in various tissues for liposomal radium vs.
cationtc radium at | hour, 24 hours and 14 days after injection are presented.
Distinct differences between the two ““Ra forms were observed. The LI is
particularly high for blood, partly because of the slow clearance of the liposomal

pa. Also for most

radium from blood and partly due to the rapid clearance of free
soft tissues, the LI's are significantly elevated. The LI's of the bone samples were

less than 1 indicating a significant control of the biodistribution by the liposomal

~ formulation, supressing the natural behaviour of radium as a calcivm analogue and

bone-seeker.

The half-life (Ty») for the liposomal formulation circulating in the blood was greater
than 24 hours while the blood half-life of simple cationic **Ra was much less than |

hour,
Example 5 further study of tumour targeting

Further study of pegylated dual-loaded liposomes to target solid tumors by
exploiting the capiliary leakage properties of tumor neovasculature. The goal of the
study was to investigate distribution and tumor targeting properties of the alpha-
particle emitter ““Ra, encapsulated in doxorubicin-containing-liposomes
(Caelyx®/Doxil®).
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Caelyx® was given before the injection of liposomal “*Ra to reduce the reticulo-
endothelial-system uptake, as optimised in Example 3. Distribution and tumor
uptake was evaluated in a human ostecsarcoma xenograft mice mode! and in a dog

with spontaneous osteosarcoma,

Blood clearance of the combination therapy was relatively slow, in mice ty was ~28
h (BalbC mice) and in the dog ti was ~ 39 h. In mice the liver uptake appeared to
be relatively low in contrast to the spleen, where there was a significant uptake. In
the dog the uptake in both liver and spleen was moderate.

in the xenograft model there was generally a higher retention of activity in the tumor
vs. soft tissue. In the dog the 24 h uptake was considerably higher in both calcified
and non-calcified tumor metastases of different organs, than in normal tissue.

Liposomal “’Ra combination therapy had a relevant bicdistribution and blood
clearance for tumor targeting and in particular showed favourable tumotr/normal-

tissue ratio in a dog with spontanecus osteosarcoma.
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6) H‘cﬁotoxic agent as claimed in any of claims 1 to 4 wherein said other therapeuiic
agent is at least one selected from folate analogues, nucleoside analogues, toxins
and angeocgenesis inhibitors.

7) A cytoloxic agent as claimed in any of claims 1 to 6 wherein the alpha emitting
radionuclide and/or the or each other therapeutic agent is present at below the
minimum dose normally required for therapeutic, prophylactic andfor palliative
effectiveness when used as a single therapy.

8) A cytotoxic agent as claimed in any of claims 1 to 7 wherein the alpha emitting
radionuclide and at least of the other therapeutic ageni(s) present are synergistic in
respect of their dosages and/or side effects.
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227Th. 6) A cytotoxic agent as claimed in any of claims 1 to 4 wherein

said other therapeutic agent is at least one selected from folate

analogues, nucleoside analogues, toxins and angeogenesis inhibitors.



7) A cytotoxic agent as claimed in any of claims 1 to 6 wherein the alpha
emitting radionuclide and/or the or each other therapeutic agent is present
at below the minimum dose normally required for therapeutic, prophylactic
and/or palliative effectiveness when used as a single therapy. 8) A
cytotox ¢ agent as claimed in any of claims 1 to 7 wherein the alpha
emitting radionuclide and at least af¢he other therapeutic agent(s) present
are synergistic in respect of their dosages and/or side effects. 35 9) A
18)  citotoxic agent asrclaimed whasy ef claime dde SPwherein st lPESOMMES o
' inj ' ' ition. temperature of
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comprising at least one alpha emitting radionuclide and at least one other
therapeutic agent, said method comprising contacting liposomes
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at least gueleloring agehb i ingea g e iR P R a Y ot BIirAGaD gvgouy syspension;
method as claimed in claim 10 or claim 11 wherein said contacting is
optionaFREHRY:PL Ak ARAYE RRYSIGIQQIGal lemperature. 13) A pharmaceutical
composition comprising at least one cytotoxic agent as claimed in any of
claims 1 to 9 and at least one pharmaceutically tolerable carrier and/or
an ionogixeipignferabd) iAtbytotoxit agdmniasankaimed in any of claims 1 to 9 for use
in therapy. 15) The use of a cytotoxic agent as claimed in any of claims 1
. 1o 9in the manufacture of a medicament for the treatment of hyperplastic
optionaiyy. AblsiThA R HIEA e A A HTAIN PRERBMDI A BT iaeor s¥ MictapReQrim e
adminiserhiered baigdinedicame nbdéotonbeuatkmirfistéred by sy ste n3iookic agents of the
present {YARoral injection or infusion. 17) The use as claimed in claim 15,
wherein said medicament is to be administered by direct application to at
least a part of a body cavity following resection of at least a part of a solid
20y thinoercl86ied 8) e Udeof klatnmpBsorgclaim 16 wherein at least one dose
of non-radioactive liposomes is to be pre-administered, preferably 12 hour
. to 10 days before said medicament is to be administered. 19) A kit for the
liposomgs pHAHIBR P S B HITORF AGEHPE RO B g Ftsh S eI iTFEg e 4Ry b Brafg an
alpha erftii9g salchkitichraptisieiy;aihosdme sendepsuiptirg ssSolitienmeamiprising
being irAOALSRSE QR QINGKL tbarapeutic agent and preferably at least one
chelating agent, said liposomes preferably being in the form of an
agueous suspension; optionally at least one alpha emitting radionuclide;
an ionoeo moptrebe), ipraiciallyia thletfarmndf a solution; and optionally, at least
one other pharmaceutically acceptable carriers or excipients and/or
. _means for the administration of the cytotoxic agent and/or instructions for
OP“Onaﬁ!ﬁéff%Pﬁ?&%‘%f*%{}t&ttsﬁ?é%%aﬁf%ﬁaﬁéwagﬂgwﬂ?ﬁ;a%@rﬁemt% kittigxic
agent ofglayrneddamelain? 19jsad-idticomprisimgtiphsores gy éfarablipnophore should be
contactANHAPS H@HQQ@I%QJP&BH'&Q%&%BQ @QJQ%E%HQ%@LR%t@ age %915991%
than an alpha emitting radionuclide and preferably at least one chelating
agent, said liposomes preferably being in the form of an aqueous
suspension; an onophore, preferably in the form of a solution; and
optionally and preferably instructions for loading said liposomes whereby
to generate a cytotoxic agent of any of claims | to 9, said instructions most
preferably indicating that the ionophore should be contacted with a fresh
sample of alpha radionuclide whereby to form a solution of said ionophore



- 37 - and said alpha radionuclide and simultaneously or subsequently the
thus generated solution contacted with said liposomes.
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and said alpha radionuclide and simultanecusty or subsequently the thus
generated solution contacted with said liposomes.



