LIPOSOMES USEFUL FOIZ:DRUG DELIVERY STATEMENT OF PRIORITY [0001]This Application
claims benefit of priority of the United States Provisional Patent Application No. 60/567,921 filed on
May 3, 2004, which is incorporated herein by reference in its entirety for all purposes. FIELD OF THE
INVENTION 100021This invention relates generaljy to the field of liposomcs, and more specifically to
liposome compositions useful for delivery of therapeutic or diagnostic entities. BACKGROUND OF
THE INVENTION 100031Liposomes, or lipid bilayer vesicles, have been used or proposed for use in a
variety of applications in researﬁypg%ﬁjﬁgsag i%@%lgﬂfﬁyﬁﬁwe as carriers of
diagnostic or therapeutic compounds in vivo. See, for example: Lasic, D. Liposomes: from physics to
applications. Elsevier, Amsterdam, 1993. Lasic, D, and Papahadjopoulos, D., eds, Medical ,

Applications of Liposomes. Elsevier, Am§iesdamm 9% kipRsemgsvre usually characterized by
having an interior space sequestered from an outer medium by a membrane of one or more bilayers

forming a micr ic sack, qr.vesicle. Bilayer membranes. of li typically formed by lipids,
i.e. amphiphilic()@]%o%l@culgs% é)s;f%%itaﬁg%gno%Er%la%lsjE)zglngﬁgg?r%a%g{l@o?n%%?s%%%%%%é%%%%ﬁg8 ydrophilic
and hydrophobitattoifsinEcsion NasikOD § 19031 kdpralMBitayab fife ribicine snobtherdisd boraimsbyan be

also formed by araphiphilic.Palymersand sHHasiants (polymerosomes, niosomes). A liposome

typically serves as a carrier of an entity such'as, without limitation, a chemical compound, a
combination of compounds, a supramolec;*i:lrir complex 0{{@ Il‘hetic or natural origin, a genetic
material, a living organism, a portion theft ) Br(é%gm%l ' ﬁg é%that is capable of having a useful
property or exefing2h usefid actiuifynirentiigpurpbge theflijosdinesarepredared:tepeafitaihythe
desired entity in a,iposamelncarmaraiad form, The process ol nGerporalian ol gesired entity info a
liposome is often reterred to as "loading”. The Liposome-incorporated erntity may be completely or
partially located in the interior space of the liposome, within the bilaﬁ/er membrane of the liposome, or

associated with the exterior surface BAHE RO hFANEY BN m}%rporation of entities into.

liposomes is algQouSerredifosamencanpUptinn aneaRPMeY bl 0QX4dandhiraadhiesitesms are
used herein interchangFﬁ%gl,with the same mea ing. The, intent.of the lquS%'nvfl encapsulation of an
entity is often to’BYotE SAHRPFr BT LTV BVRE T BRI BToVIaT e 8bportunity for
. the encapsulatedrentity ftdi exerititsoachistity amas tynaictingl sitevord nSitee fenekanpieritasiogbe such activity
is advantageous but less so in other sjtes where such activity m e usgless or undesirable. This
phenomenon isirlgf)évﬁlge tg;%gz 3%1&5‘?}/%!985 lelgfglr%’fﬂ'e, ad Fﬁ‘”g)s(u Sz%é%gé \?vgiégl"nitﬁlecﬁ%%%%%ne can be
protected from Prpatediopotitns, 3y .crizyiediin/ therbiotho s Baoomeese lasddrfrdmsterddiposome and
provide treatmey¥cat the,slts, f disersen 1 0002 dealY, S IRASANSS: CRR-PeQIRpRIEs g include the
desired compound (i) with high loading éfficiency, that is, high percent of encapsulated entity relative
to the amount tAREN FitESHRBRIAPETRGG S BES! (MPHIGH s IPUNERcaSS0tateE stftlyOBer unit of
liposome bilayeyanaterniala (iD At adighconsentation-ot whcanstated eptitiaand. Gy hignaiable form,
Le., with little release ingakage of an encapsulated entity upon stogigg or generally before the
liposome appedFS &Pt SheVBIfHithY BAVRH e I EPE ST Rt BiRe serrrals Py B s @pected to
exert its intendeg,aopuilid QR hesefordc heneis aneedBidhe adidpreYidLvalifisiRosOme
compositions that are iceful for dslhrery of v BHiEH ! SomBRHRds SRR eteRetl, digmost.
or imaging entities.
A liposome typically serves as a carrier of an entity such as, without limitation, a

chemical compound, a combination of compounds, a supramolecular complex of a
synthetic or natural origin, a genetic material, a living organism, a portion thereof, or a
derivative thereof, that is capable of having a useful property or exerting a useful activity.
For this purpose, the liposomes are prepared to contain the desired entity in a liposome-
incorporated form. The process of incorporation of a desired entity into a liposome is
often referred to as "loading". The liposome-incorporated entity may be completely or
partially located in the interior space of the liposome, within the bilayer membrane of the
liposome, or associated with the exterior surface of the liposome membrane. The

incorporation of entities into liposomes is also referred to as encapsulation or entrapment,



SUMMARY OF THE INVENTION [0007JThe present invention is based on the discovery that
substituted ammonium and polyanion are useful for loading and retaining entities inside liposomes.
Accordingly the present invention provides methods and liposome compositions.useful for delivery of a
variety of entities, especially therapeutic entities, that is, entities useful in the diagnosis, prognosis,
testing, screening, treatment, or prevention of an undesirable condition, e.g., a disease, in living
organism ,such as a human, a plant, or an animal. [0008]In one embodiment, the present invention
provides a compasition com risin% a liposome in a medium, wherein the inside of the liposome
contains a subsffiftel afPAdRSRHINT S RmctrEaemh ST o, 1RESTORA SR R L RmHIEHINA S hydrogen
or an organic grchakiaming tie¢lpsiuely, dadgiality: o d0ah&carb Atamspiviker s atleagbane of R,
R2, R3, and R4 is an organic group, wherein the grganic group. is in/d ndently a hydrocarbon group
aving up 10 & SN AOHE e WA SR B0y P BRETL) e SRS, Sy CROMET 581 S Reryl, o
cycloalkenyl greuprotsaehiyditgxyestip stithtadl derivative thereofcaptiberalbydheleiding within its
hydrocarbon chajn a.s, 0. o toms, forming an ether, ester,. thj t%g ming, or amide bond,
wherein at least tvﬁél(tea%?oﬁils, [&NZ?ﬁS?;S,Oafﬁd) %ra%e%%%ﬁ?cgﬁ?’éﬁg“s‘%??ﬁ S?Sko}gt%%%e ?%%%h%%% isa
sterically hinderBedssphenonieran suticarsdfor asxdahisio), WhessaatiEastdonesobshasrgahio roups has a
secondary or teffiary, carban, IRm.Aa Y ke L BeATMEDIHI N aReR AOM: Rigfprably, the
substituted ammonium compound encapsulated into liposomes has a negative logarithm of the acidic
(deprotonation) 8le&iseifinn the Hsasatpras) Rp vidre st EIBLAERE BtaeheissBbut 8.5, at least about 9.0,
at least 9.5, or at least 10.0, as determined in an aqueous solution at ambient temperature. 100091In
another embodif@ s} thdqraBentihvipationqrovides eepampositiindeaheptesing adippaoméiin a
medium, Wherewiéﬁ‘%?l”l%racﬁ%a%?ﬁ%ﬁéfﬁ‘gy"&%?93%0%%'&% 8rl aQ&%a?e%%%t}’%’b?eﬁ%{E‘vQ}% palyanion is a
polyanionized polyol ot ‘a polyanioniZzed sugar. IPposorne preterably con ains a transmembrane
gradient capablensfusffedtingttveioatimgsofatinmepriseint ¢ithis dipasome offenrie whtsddimienpethe
ransmembrand giagieRt A AN ALAATITORIK . P AHELEHIATY ATBRATIMIRI QLA PIIHE"
secondary, or tertiary substituted ammonium compound having in a diluted aqueous solution at
ambient temperdrié asidgatvaicgariititn 1ot el avieicorkepro ot RIYSGE S8 H ¢@Rstant (pKa) of
at least about 8Q,at least-abant & &oat ieaghabamt S Peat lpast 36 piatieastiiRaTheHiposome

optionally contains an entrapped entity, for example, a therapeutic, a detectable marker, or a globally
cationic organic MioIBRINETODBARPE] FEY AhBtRer ehip Gy dnintrRIed Ao &ion provided by the
present invention further comprises an entity encapsulated in the liposomes of the present invention.
Preferably, the éifiit§lis eficapsulatédroitiimtbe intersspage ofidee liposoiipesdror exapopigotke inner
space of the lipgenye IMIPREQIINISSS Aantieeplastis.ierageutin and whersin g ox(elty evel of
the composition to a subject is at least equal to or less than 4 the toxicity level of he ant eoplastic
therapeutic adniinigtage @ ttiessubject without the composition. 100101In yet another embodiment,
the composition provided by the present invention is a liposome composition comprising a
carnptothecin compound. The compos#iov hasrey emtiTHICEN dalivity@ileast two times, four times, or
ten times higher, the_camptothecin compound similarly.administered.in.the absence of th
composition, wﬂfﬂ‘e}%e toﬁ&?t?%?et%elnggnmnﬁggl ig%s%%%%tngtxésfgg%ﬂ%l}éa%? 2%§f1 f%vgc‘)a |rrnn8§fu5? g %ieast four
times lower thampdhetoxicity wiethefoalvptotheciraomipgend tsimitlardy Bpmimisterédaerdhezblbbence of
the composition, In 3 one SmRodiment. e CAMPIPINSLN. COMRRUNG 5 A RR YA, pqntained in
the liposome of%t%easlt 0.61 _#{%,gaﬁeast%Z mg, at Ilas‘t)(}ﬂ.% mg?)at Ie_agé?f 0.5 mé), o? at_%yas%t‘l mg_per 1
mg of the liposoraeaiievhpranes masnerially, bagaphpitsciitissc diptotisiinscspigonnerisipeadsiably
encapsulated infhgJiRasemensubsiantially-withimthe iReerRRAGS of thrdRgsrs.dnione ipstance, the

camptothccin compound is irinotecan ( PT-11). .
disease, in living organism ,such as a human, a plant, or an animal.

[0008]  In one embodiment, the present invention provides a composition comprising a
liposome in a medium, wherein the inside of the liposome contains a substituted

ammonium =3
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[0011]In yet another embodiment, the composition provided by the present invention is a liposome
composition of a vinca alkaloid or a derivative thereof. The composition has the 24-hour drug retention
within the liposome after 24 hours exposure in the blood of a mammal in vivo of at least 50%, at least
60%, or at least 70% of the original drug load. The yinca alkaloid or a derivative thereof is preferably
encapsulated in the liposome substantially within the inner space of the liposome. One example of the
mammal is a rat. Exemplary vinca alkaloids and derivatives are vincristine, vinblastine, and
vinorelbine. [00121In. still an Fer odiment, the present invention provides a method of
encapsulating a\?]]%gﬁetll?ye%t%oogl |b’osﬁnn??§.a?%1eﬁ“rﬁse ﬂ%ﬁ%no%r%npgﬁfs%}slyc5%%act?ﬁ§?ﬁégﬁ Sgs%rr%uéjs of the
present inventidrwith aislesitityy.arglottheyapeuti® ondetettaiteventityn Préfertably of i cBntReting is
performed undehtlR GeAA AR SHING, SARCANIAIAN L MBSUHIES AMMEPLM AL A Rglyanion of the
present invention in the medium-is lower than that in"the inner space of the liposomes. In one
embodiment, th&"fipd8aYHE stritpdsnibrnistenntantad suithkah ekttyimanegusstcmétium. 100131In
still another embedimgit, 5@5@,_9[@&%!1‘,%%9&391‘11&{&% imethedof encapsilaling AR .entity into a

liposome. The method comprises contacting the liposomecontaining composition of the present
invention with a BFESn BRI RHENSIR 1B FEBIHS HEkagdig rBaihg St alP s Eig Ainder a
condition, and praviding:theicemneitioninssiathiddipasgmasnie e aanuering the, pre-emdity, to the
entity inside the liposome. In one case, the. entity is an organic compound, and the pre-entity js a basic
derivative thered 1%@1’2&%{%‘%]1?3%%@? Tt ﬁi&ﬁﬁ%ﬁ@%?&%ﬁ?ﬁﬁ%ﬁﬁ%@bﬁ%ﬁﬂ&%ﬁ%Pdﬁ\aking
liposome-encapsyfatetk anplie shEhe kit comprigasea coniaipenpdthna dipasatheyafr theipresent
invention, and, optionally, a,container caontaining an .entity, and/or instguctions for a user, e.g. to
encapsulate an o R L R S St A DR B8 o
pharmacokineti@glomhelﬂpmsmw@ﬁmi(@pdké@) ahelliheseoingg hmme@)\m‘ﬁegdtmhbmﬁf@dmﬁﬁstration of
Ch1-1 | loaded ynasemesiy adak:i G IBRsamesais iaaded ueing TEATRMAbac (e xamle ©).

100161Figure 2 shows the dynamics of drug-to-liposoine lipid ratio in the blood of a rat in vivo
following i.v. boRS Hcihiiniitterson- ofthe Ifsestiil 1 daeaingd Cramaqueris GoTEIRNRH: amdikBd (See
Example 9). 10Qd41&igire 3 shows antitumor efficacy of freeCPT-11 and liposomal CPT-I | against
BT-474 human breast cancer xenografts in nude mice. "Control" designates the mice treated with
drug- and iiposome-free vehicle only. (See Example 10). 100181Figure 4 shows the dynamics of the
animals' body weigists duiingdhetegaisagnént, the present invention provides a composition

comprising a liposome in a medium, wherein the inner space of the liposome contains a
polyanion and wherein the polyanion is a polyanionized polyol or a polyanionized sugar.
The liposome preferably contains a transmembrane gradient capable of effecting the
loading of an entity into the liposome. In one embodiment, the transmembrane gradient is
a gradient of an ammonium, a quarternary ammomiwm, Or a primary, secondary, or
tertiary substituted ammonium compound having in a diluted aqueous solution at ambient
temperature a negative logarithm of the acidic (deprotonation) dissociation constant (pKa)
of at least about 8.0, at least about 8.5, at least about 9.0, at least 9.5, or at least 10.0. The
liposome optionally contains an entrapped entity, for example, a therapeutic, a detectable

marker, or a globally cationic organic molecule.

[00010] In yet another embodiment, the composition provided by the present invention
further comprises an entity encapsulated in the liposomes of the present invention.
Preferably, the entity is encapsulated within the inner space of the liposome. For example,
the inner space of the liposome further comprises an anti-neoplastic therapeutic and

wherein the toxicity level of the composition to a subject 1s at least equal to or less than



of BT-474 tumor-hearing nude mice with free CPT-11 or liposomal CPT-11. "Control" designates the
mice treated with.drug- and liposome-free vehicle only, (See Example 10). [00191Figure 5 shows the
dynamics of drug-to-liposorne lipid ratio in the blood of a rat in vivo following iv. bolus administration of
the liposome loaded with CPT-11 using TEA-SOS method. (See Example 14). [9020]Figure 6 shows
antitumor efficacy of free and liposomal CPT-11 against HT-29 human colon cancer xenografts in
nude mice. The on-panel caption indicates the drug loading method and the administered dose per
injection. "Saline control" desjgnates the mice treated with drug- and liposome-free vehicle only. (See
Example 1. CTGEDHEIGTEL) LR ORE BRI e IS Bty HhGHS UM s
treatment of EITe2®tuition-bearing nude mice with free or liposomal formulations of CPT-11. The error
bars represent standard deviation of the data. "Saline control” designates the mice treated with drug-

and liposome-fiigg MBiClE, OplY., dSECFXBMRIEL e 109324 RiAUFE SA:ahouishiRedPhatmagpkinetics

of the Liposome lipid after i.v. bolus administration of Topoteeamloaded Liﬁosomes to arat. The
on-panel captioli fidRCAEE FREBATH RBLEARP e B Gaaiothecth G earitant DIUsenpRLErALes ee

Example 24). [QR23dfdguia; 3B, shaws the dynanies ef.diug-tenlipasomenkpigisatie in the blood of a rat
in vivo following iv. bolus administra(ai'on of the Iiposomea)lo?}de with Topptecan The on-%z)Tel caption
FYhE | K

indicates the drifJIBRUG ISR AN S THL T A REHELHE R R A S A
100241Figure Qishowsithe fitheitonptotiox cibgaidreesdidpsomial sortER2:4ase et&d dnfoou nalggosomal
Topotecan (TEACEN method) against SKBr3 hreast carcinoma sell, (See. Example, 24); 1.0025]Figure
10 shows the in vitro cy?o oxmﬁy of ?ree, |Ip0§0l’l’l§1c, or ?—@ﬁﬁ-targe{ed mmMmuno |posomaf Topotecan
(TEA-SOS methbgbhagaliiibt SKyBrs8ibre&ist cancintmdicells {SesrBreihsple G2y pt0oR6)Figure 11
shows a”“t“m%ﬁg‘%%ﬁxsocfo\é%‘?é&sﬂ %%SS%@&Q f@i@b"ﬁﬂﬁgﬁt least 0.2 mg, at least 0.3 mg,

at least 0.5 mg, or at least 1 mg per | mg of the liposome membrane materials, e.g., lipids.

The camptothecin compound is preferably encapsulated in the liposome substantially

within the inner space of the liposome. In one instance, the camptothecin compound is

irinotecan (CPT-11).

[0011] In yet another embodiment, the composition provided by the present invention
is a liposome composition of a vinca alkaloid or a derivative thereof. The composition has
the 24-hour drug retention within the liposome after 24 hours exposure in the blood of a
mammal in vivo of at least 50%, at least 60%, or at least 70% of the original drug load.
The vinca alkaloid or a derivative thereof 1s preferably encapsulated in the liposome
substantially within the inner space of the liposome. One example of the mammal is a rat.

Exemplary vinca alkaloids and derivatives are vincristine, vinblastine, and vinorelbine.

[0012]  In still another embodiment, the present invention providés a method of
encapsulating an entity into a liposome. The method comprises contacting the liposomes
of the present invention with an entity, e.g., therapeutic or detectable entity. Preferably,
the contacting is performed under the conditions when the concentration of substituted
ammonium or a polyanion of the present invention in the medium is lower than that in the
inner space of the liposomes. In one embodiment, the liposome composition is contacted

with an entity in an aqueous medium.

[0013]  In still another embodiment, the present invention provides a method of
encapsulating an entity into a liposome. The method comprises contacting the liposome-

containing composition of the present invention with a pre-entity, wherein the pre-entity



against BT-474 human breast cancer xenografts in nude mice. "Saline control" designates the mice
treated with drug- and liposome-free vehicle only. (See Example 29). 100271Figure 12 shows the
dynamics of the animals body weights during the treatment of BT-474 tumor-bearing nude mice with
free Topotecan (TPT), liposomal Topotecan (Ls-TPT), or anti-HER2 immunoliposomal Topotecan (F5
ILs-TPT). "Control" designates the mice treated with drug- and | posome-free vehicle only. (See
Example 29). 100281Figure 13A shows antitumor efficacy of Topotecan formulations against 31- 474

human breast cancer xenqgrafts in nude mice. Free Topotec _gree PT) ot lippsomaj. Topotecan
lidi g Al

(Ls-TPT) were S§ARH 38 SRBVERHH SRR RS ER S TRy AR P Yo &dE HFepresent
standard deviatigidetithé gatand Gantedl desigriateddpecraiceytteatedwith idsidy tand piposeme-free
vehicle only. (Sce, Example 34), (00291 aure 435, shovs, anfiymor cffioacy ol Tapateean formulations
against BT- 474 human breast cancer xe ogracf(fs i huaémice "Free gpo ecan %-Bree ET) or

liposomal Topoteresi.(Es-TPT) were administered at one-fourth of their maximum tolerated doses.
Error bars represent standard deviation of the data. "Control" designates the mice treated with drug-

and liposome-frggrdghicla anlyaneee &xprapies1indQPSRH iaveatipaawns aptittmarefficacy of
Topotecan formulations against BT- 474 human breast cancer xenograff,e%} nude mice. Free

Topotecan (Fre®ToPF &P SGHIEIcPEHEteLAR i SOPIPTF S areP AR ISP RO SHRERAIFSE their
maximum tolergtestslasesoirombassiiepitgent stancarcseliatiomehthe, datidor Ganimbdesignates
the mice treated with dru%- and Ii@)f)?ome-f{%elz vehicle only. (See Example 31). 100311Figure 13D

shows antitumc?rués'Fﬁtggy of 1opotecan formualations against BT- 474 human breast cancer xenogafts

in nude mice. Free Topotecan (Free TPT) or liposomal Topotecan (Es-TPT) were administered at their

maximum tolerated doses. Error BRI FeBFexehi Bl Qi eV EiBROMHY E&ta. "Control" designates

the mice treategyyitf) drugzaad IpEsoBISsHSBHehidRiRalYs (Par Ryampieidla (QRR2)FGYIR14 shows
the dynamics of the average body weights during the treatment of BT-474 tumor-bearing nude mice

with free TopotdBn(EHEET D BSBIM AT REPTIRLYh L ST TP logAfhider e s the ifndBfum

tolerated dosesipésonieokrelrsignaies {NErmices reaiadl B4t Bdaugy1ang liposome-free vehicle only. (See
Example 31). 10033iFigure 15 shows the cytotoxicity of free 6-(3-aminopropyl)-ellipticine (Free AE),

(Posoma) & (3 FTRD RSl BlcIne (Sl o R IiaRied VI OROS O atood of
6-(3-aminopropyl)-ellipticifie (17.5 ILs-AE)") against BT-474 breast carcinoma cells in vitro. (See
Example 35). rat iz vivo following i.v. bolus administration of the liposome loaded with CPT-11 using

TEA-Pn method (See Example 9).

[0017)  Figure 3 shows antitumor efficacy of freeCPT-11 and liposomal CPT-11
against BT-474 human breast cancer xenografts in nude mice. "Control" designates the

mice treated with drug- and liposome-free vehicle only. (See Exampie 10).

[0018]  Figure 4 shows the dynamics of the animals' body weights during the treatment
of BT-474 tumor-bearing nude mice with free CPT-11 or liposomal CPT-11. "Control"

designates the mice treated with.drug- and liposome-free vehicle only. (See Example 10).

[0019]  Figure 5 shows the dynamics of drug-to-liposome lipid ratio in the blood of a
rat in vivo following i.v. bolus administration of the liposome loaded with CPT-11 using

TEA-SOS method. (See Example 14).

[0026]  Figure 6 shows antitumor efficacy of free and liposomal CPT-11 against HT-29
human colon cancer xenografts in nude mice. The on-panel caption indicates the drug
loading method and the administered dose per injection. "Saline conirol" designates the

mice treated with drug- and liposome-free vehicle only. (See Example 15).



[0034]Figure 16 shows the in vitro eytotoxicity of free 6-(3-aminopropyl)-ellipticine (Free APE),
liposomal 6-(3-aminopropyl)-ellipticine (Ls-APE), or EGFR-targeted immunoliposomal
6-(3-aminopropyl)-ellipticine (C225-ILs-APE) against breast carcinoma cells with low (NICF-7) or high
(MDA-MB468) expression of EGF receptor. (See Example 36). 100351Figure 17 shows blood
phannacokinetic attributes of the liposomally formulated 6-(3-aminopropyl)cllipticine (APE): blood
pliaimacokinetics of the liposome lipid (Panel A, open circles), the drug (Panel A, filled circles), and the

d ics of d ] lipi ' | B).after i.v. b Dl ' f li t
ot (So Examp ) TOMBAF Gute 1S SH ool b e ot B T adEe

formulated into %ipdSotiéebsbeRBY Bl ante MER FémenlinoliposbivesuiFmas £ /FHE)-1hlobbe
pharrnacokinetigs pfthe ippseme liRidriRa0eHA he die (PangslB)yane e dynamicsote

drug-to-liposome lipid ratio (Panel C) after i.v. bolus administration of vinorelbine liposoines to a rat.
(See Example 45piabos frigursdiorspinis e oaipHa e dRFebsa8itE  posome lipid after i.v.
bolus administration of vinorelbine-loaded liposomes to a rat. The liposomes are loaded using
pre-entrapped tii@djlamingniutn dextrabBuldgiraScditnse) @nfmbaliposdextipnt affate (DHS5i4y), or
ammonium sulfate (S-A)..(See Example 44 0381Figure 20 shows the dynamics.of.

g to-posom TSR AL 1 Bl A TR S TS 1o e s Bttt
liposornes load&d itig Windiredbisthoding fredengrappen tridtsiansomorsiutAcgdiiransaldie (DS-TEA),
ammonium dextransulfate (DS-A), or ammonium sulfate (S-A). (See Example 44). (00391Figure 21

shows blood phagnacokinatiespfsthe/liprsementividaiiard-1-hpbdsnadpinistiatiomehblood of a
vinorelbine-loaded liposomes to a rat, The lipasornes are lpaded using pre-entrapped
triethylammonidh Sué880RY4BE IFate I ASBE) AHANAVETHR AT Ul SRRea he
on-panel captioMh{Saeyhxanaplerd o)ditee4d dgurtoadishowd ddentdy tariieg afetdgetaiposorne lipid
ratio in the bIoop of a rat iQSViV% fgIIoY\éiQQALV. bolus administration of vinorelbine-loaded liposomes.
The liposomes are 1084éd u%?ng)‘prrné)-entr ipped triethylammonium sucrooctasulfate (TEA-SOS) and

have the mean size as indicated at the on-panel caption. (See Example 45). 9
[0024]  Figure 9 shows the in vitro cytotoxicity of free, liposomal, or HER2-targeted

immunoliposomal Topotecan (TEA-Pn method) against SKBr-3 breast carcinoma cells.

(See Example 27).

[0025]  Figure 10 shows the in vitro cytotoxicity of free, liposomal, or HER2-targeted
immunoliposomal Topotecan (TEA-SOS method) against SKBr-3 breast carcinoma cells.

(See Example 32).

[0026]  Figure 11 shows antitumor efficacy of various Topotecan (TPT) formulations
against BT-474 human breast cancer xenografts in nude mice. "Saline control" designates

the mice treated with drug- and liposome-free vehicle only. (See Example 29).

[0027] Figure 12 shows the dynamics of the animals’ body weights during the
treatment of BT-474 tumor-bearing nude mice with free Topotecan (TPT), liposomal
Topotecan (Ls-TPT), or anti-HER2 immunoliposomal Topotecan (F5 ILs-TPT).
"Control" designates the mice treated with drug- and liposome-free vehicle only. (See

Example 29).

[0028]  Figure 13A shows antitumor efficacy of Topotecan formulations against BT-
474 human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or

liposomal Topotecan (Ls-TPT) were administered at one-eighth of their maximum



[00411Figure 23 shows blood pharmacokinetics of the liposome lipid in a rat after i.v. bolus
administration of vinorelbine formulated into iposome,s (Ls-VRB) or anti-HER2 immunoliposomes
(F5-1Ls-VRB) using TEA-SOS method. (See Example 46). (00421Figure 24 shows the dynamics of
drug-to-hposome lipid ratio in the blood of a rat in viyo following i,v, bolus administration of vinorelbine
formulated into liposomes (Ls-VRB) or anti-HER2 immunoliposomes (E5-ILs-VRB) using TEA-SOS
method. (See Example 46). [00431Figure 25 shows the in vitro cytotoxicity of free vinorelbine (free

VRB), liposomal vinorelbine (Ls-VRB), or HER2-targeted immunoliposorna! vinore'l'bine (F5- lls-VRB)
against HER2-dvéra%gdasihgtithbi vigasteaarisadad s Wb nvB yshiyScetsehndsiasagics

[0044]Figure 2Gzhaws tgdn wiite ayitotexicity,offreesinereding ifrag ¥RBinlipesemal vinorelbine
(Ls-VRB), or HER2-targeted immunoliposomal vinorelbine (175- ils-VRB) against

HER2-overexpressing CalLu-3 n non-small cell lun cer cellsé%e Example :
[0045]Figure Zﬁg?gws tﬁégyﬁcvwg%/%t%%ﬁ §1%??§éc\?fr%?qeaﬂgolﬁgtffﬁélef %%tﬁ?ﬁlgszlé)?ﬁrésﬁ\%%r?orelbine (Ls
VE.13/S0S-TEAYAdrieRpargetedinmmemefiposondalvigorélisinEofietetas (YRB/BOSCTEA) against

HER?2-overexprgssing iymandiraast cancer Gells S Rr:Rd SamExampler 30, 10463figure 28 shows

antitumor efficacy of the free vinorelbine (free VRB) or liposornal vinorelbine (Ls VRB) against HT-29

human colon capiéerseAprafta i ke taetnt Skiderdieaimarnelite fiee freaiol Witiehies and

liposome-free vgRigle-OpbadariatiPars; aRIESERbRIARdRrLRRM AN et e datai{Sep Example 51).
[0047]Figure 29 shows the dynam%rggof the ﬁa?\(/%rage body weights d%ring the treatfnﬁent of 1-11-29

rumor-bearing 61:?8 ice.with f inorelbine (free VVR1B), liposomal vinorelbine (Ls VRR), or vehicle
only (saline). Err]rtél)r g;s %e] ?é%érgﬁss\ég)ﬁvofa%‘&ev%t%ﬁ%ﬂlh%gg gFe@fgefoﬁ%lr#ﬁgs %."fé JFigure 30
shows antitumot7dfficacy bfdime dreecyiremediaifiei (freelMRIB). dfritp dspuiatarniBredtiifié bs VRB) in a
Syngeneic C-ZGh%%{)IQl%IGP&Bth&r& t@fgm@ﬂ%@%'aéﬁ%nistered at one-half of their maximum tolerated

doses. Error bars represent standard deviation of the data. "Control" designates the mice

treated with drug- and liposome-free vehicle only. (See Example 31).

[0631] Figure 13D shows antitumor efficacy of Topotecan formulations against BT-
474 human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or
liposomal Topotecan (Ls-TPT) were administered at their maximum tolerated doses.
Error bars represent standard deviation of the data. "Control"” designates the mice treated

with drug- and liposome-free vehicle only. (See Example 31).

{0032]  Figure 14 shows the dynamics of the average body weights during the
treatment of BT-474 tumor-bearing nude mice with free Topotecan (Free TPT) or
liposomal Topotecan (Ls-TPT) administered at their maximum tolerated doses. "Control”

designates the mice treated with drug- and liposome-free vehicle only. (See Example 31).

{0033]  Figure 15 shows the cytotoxicity of free 6-(3-aminopropyl)-ellipticine (Free
AE), liposomal 6-(3-aminopropyi)-ellipticine (Ls-AE) , or HER2-targeted
immunoliposomal 6-(3-aminopropyl)-ellipticine (F5 ILs-AE) ) against BT-474 breast

carcinoma cells in vitro. (See Example 35).

[0034]  Figure 16 shows the in vitro cytotoxicity of free 6-(3-aminopropyl)-ellipticine
(Free APE), liposomal 6-(3-aminopropyl)-ellipticine (Ls-APE), or EGFR-targeted
immunoliposomal 6-(3-aminopropy!)-ellipticine (C225-ILs-APE) against breast



The dose of the drug per injection was as indicated on the on-panel caption. Error bars represent
standard deviation of the data. "Saline" designates the mice treated with drug-and liposotne-free
vehicle only. (See Example 52). [00491Figure 31 shows the dynamics of the average body weights
during the treatment of mice bearing syngeneic C-26 murine colon carcinoma tumors with various
doses of free vinorelbine (free VRB), liposomal vinorelhine (Es VRB), or with vehicle only (saline). The
dose of the drug per injection was as indicated on the on-panel caption. (See Example 52).
10050]Figure 32 shows antitumor efficacy of the free vinorelbine (Free drug) or say F5-conjugated,
anti-HER?2 immitgheeedifs Vidblemhd drepardughy R EALE }ﬁéﬂﬁ%ﬁl?ﬁe‘;’fﬁ@é\fﬁ?@WEA-SOS),
anti-HER2 immurelipesgmassinorelbine prepared y a TEA-Pn method (F5-ILs-VRB TEA-Pn) against
HER2-overexpressing human breast carcinoma (BT-474) xenografts in nude mice. "Saline control”
designates the mice,treated with drug- and lippsom -L[.)ee vehi nly: (See Example 53).
100511Figure 3@5 gﬁ W:f;t e%}?ﬁﬁ%}?g?&ﬁﬁgﬁg}ggg H0C vs\?ée%%%ssﬁéﬂg%ﬁ?%%?%em of mice

bearing HER2-&verelegné sdihghmeranptealp ceirg tORTR) (BTod Phpxemsdiadtsoithtiicdéooiesrelbine,
scEv F5-conjuggigdipanti RERZimmieolipogrpab yiecrelking prepares isinga .l fRs3PR pethod,

anti-HER2 Unmunoliposornal vinorelbine prepared by a TEA-Pn method, or with vehicle only. For
explanation of ﬂ@eh@yﬁ?mﬂél,pgééatwé%&iﬁi W eigtirbods iGewisisdigkahidiE 58ysanesE1Figure 34
shows antitumqkefficagyp®f the free vinorelbine (Free drug) or scEv F5-conjugated, anti-HER?2
immunoliposornal vinorelbine prepared using various amounts of PEG-lipid against

HER2-overexpressing human breast carcinoma (BT-474) xenografts in nude mice. The earn- bars are
standard deviat@)??o thgkgnjgél{ae.%/ge Sic 3) &%&%}T‘a e%“.%ﬁgf)é% tté% rﬁal%se ?é/é e 1\%? e%)mn%‘% aé%ﬁé
liposome-free viehidigwniye( See \Bdahpie 54)-HIORS 3t Fignaie8SostrowsSantityR Bl éfficacy of the free

vinorelbine (freg NAV.L iRRMA Hinprsline @ﬁXM@&{ ﬁa%%ﬁgg%gf)ﬁiyg?&% dynamics

anti-EGERimmunoliposomal vinorelbine (C22 V Lip) against EGFR-overexpressing human
glioblastoma (U8 weiodipafens heideaicd ashiinéfieiasigheliessatiai pitative sted witiepag- and
liposornedree vehicle ol a (Req dexample,RS13)11 100541Figure 36 shows blood phannacokinetics of
the liposome lipid and the dynamics of the drug/l iposome lipid ratio in the blood of a rat after i.v. bolus

administration géggﬂorulgjicinf %Hlo%% 1i(gg Iiﬁ)é)nsorpofismté in%}r' éiﬁ/lggg%mii%n ﬁgrlf%eboeghod. (See
Example 56). [ 1Figur§‘§e7 Shows antitumior & icacy of the ﬁpos Mal doxorubiein (Ls-Dox), or scFv
F5-conjugated, amtishERD meivinolgoserhatiddkpnshicts (Forits-Dex)pepaed ubintgdasiogs amounts

of PEG-lipid aggi@%%ﬁ'agpt@@d%%%%%émxbHé?%ﬂn@&ﬁ%%t @eoma (Bl (H x6n9atafigdn nude

mice, The on-panel caption shows the amount of PEG-lipid expressed in mol.% of liposome
phospholipids. (Balifié ebatrolowEsiGHHENES Ehé micetrEated i itfh)drug- and liposome-free vehicle only.
(See Example 57). 10056]Figure 38 shows blood phannacokinetics of liposomal vinblastine in a rat.
(See {0038]  Figure 20 shows the dynamics of drug-to-liposome lipid ratio in the blood of a

rat in vivo following i.v. bolus administration of the liposomes loaded with vinorelbine
using pre-entrapped triethylammonium dextransulfate (DS-TEA), ammonium

dextransulfate (DS-A), or ammonium sulfate (S-A). (See Example 44).

{0039}  Figure 21 shows blood pharmacokinetics of the liposome lipid after 1.v. bolus
administration of vinorelbine-loaded liposomes to a rat. The liposomes are loaded using
pre-entrapped triethylammonium sucroseoctasulfate (TEA-SOS) and have the mean size

-as indicated at the on-panel caption. (See Example 45).

[0040]  Figure 22 shows the dynamics of drug-to-liposome lipid ratio in the blood of a
rat in vivo following i.v. bolus administration of vinorelbine-loaded liposomes. The
liposomes are loaded using pre-entrapped triethylammonium sucrooctasulfate (TEA-

SOS) and have the mean size as indicated at the on-panel caption. (See Example 45).



Example 58). [0057]Figure 39 shows the dynamics of the drug/liposome lipid ratio in the blood of a rat
after i.v. bolus administration of liposomal vinblastine. (See Example 58). [0058]Figure 40 shows the in
vitro cytotoxicity of free vincnstine (Free VCR), liposomal vincristine (Ls-VCR), or HER2-targeted
immunoliposomal vincristine (E5- 1Ls-VCR) againstyHER2-overexpressing human breast cancer cells
SKBr-3. (See Example 61). [0059]Figure 41 shows blood pharmacokinetics of the liposome lipid in a
rat after i.v. bolus administration of vincristine formulated into liposornes of different average size

(indicated on the on-panel caption). (See Example 62), 100601 Figure 42 shows the dynamics of the
drugiliposome ﬂ%%&éﬂo Teﬁgfﬁg éﬁoégasgfié??%‘f BRETAT° ‘&ﬂéc%l%#léﬁ?gﬁ%ﬁ? eé}%\gnl&%fﬁ%@ Stililated into
liposomes of difelentdavierage sizd (indictied crmthéaod-panébosaptien)L{SEcEE xampldiGR)
100611Figure 43 shows antit [ ig@@ﬁ f the free, vineristi ree VER), liposomal vincristine
prepared by trie}{ﬁ%g}?vl\frl onium ?t%zﬁtgsmet gél1 S(Eé-%%ﬁé%ﬁ?%@é&% vfrrll%?r?sitl e prepared by
triethylammonium sucrooctasulfate method (Ls-VCR SOS), or scFv F5-conjugated, anti-HER?2

immunoliposontAP$fcristisepiépanaes e lempsnricagri dravartdisaitie thobled of8-vCR

SOS) against 1rER21vd RRYRISXPIESSING MHMARRIRAT GafeRNMR (BimdiddliXenagiaits g nude mice.
"Saline control" designates the mice treated with drug- and lipasome:-fre vehi%g on| (p?]ee Example

64). [00621Figute 24 SHAREHHE Hynamieensf s aver s body Waigiits ddririg thetrEsinereor mice
bearing HER2-@arexeressing human breast carcinoma (BT-474) xenografts with free vincristine (free
VCR), liposomal vincnstine prepared by triethylammoniurn citrate method (Ls-VCR Citrate), liposomal

vincristine prepyghpy tisindanmontim.shormaciosiiiate methed s UGR. 3Bl Ray FO-conjugated

antiHER2 immunoliposornal vincristine prepared by triethylammonium sucrooctasulfate method (F5
ILs-VCR SOS),lotogsiteel stiridtinmfsaliRS bon Bt suectdamplengUpopooBa g us hows
antitumor efficagy. ORIBE L8RV INERSUSGADCETINEiRAINER! MARGHUNS INbXCRIEE$3228cc
Fab-conjugated, anti-EGFR immunoliposoinal vincristine (C225-vcr) against EGFRAII-overexpressing
human brain ca”é@?fe@é‘ﬁxenograﬂs in nude mice. "Saline" designates the mice treated with drug-
and liposomeree vehicle only. (See Example 65).

[0044]  Figure 26 shows the in vitro cytotoxicity of free vinorelbine (free VRB),

liposomal vinorelbine (Ls-VRB), or HER2-targeted immunoliposomal vinorelbine (F5-
Iis-VRB) against HER2-overexpressing Cal.u-3 human non-small cell tung cancer cells.

(See Example 49).

[0045]  Figure 27 shows the in vitro cytotoxicity of free vinorelbine (free VRB),
liposomal vinorelbine (Ls VRB/SOS-TEA), or HER2-targeted immunoliposomal
vinorelbine (F5-ILs VRB/SOS-TEA) against HER2-overexpressing human breast cancer
cells SKBr-3. (See Example 50).

[0046]  Figure 28 shows antitumor efficacy of the free vinorelbine (free VRB) or
liposomal vinorelbine (Ls VRB) against HT-29 human colon cancer xenografts in nude
mice. "Saline" designates the mice treated with drug- and liposome-free vehicle only.

Error bars represent standard deviation of the data.” (See Example 51).

[0047]  Figure 29 shows the dynamics of the average body weights during the
treatment of HT-29 tumor-bearing nude mice with free vinorelbine (free VRB), liposomal
vinorelbine (Ls VRB), or vehicle only (saline). Error bars represent standard deviation of

the data. (See Example 51).

[0048]  Figure 30 shows antitumor efficacy of the free vinorelbine (free VRB) or

liposomal vinorelbine (L.s VRB) in a syngeneic C-26 murine colon carcinoma model.



10064]Figure 46 shows blood phannacokinetics of CPT-1 1 and the dynamics of the percentage of
CPT-11 present in the active (lactone) form in the blood of a rat after iv. bolus administration of
liposornal CPT-II. (See Example 69). 10065IFigure 47 shows blood pharmacokinetics of CPT-I | and
the dynamics of the percentage of CPT-I | present igthe active (lactone) form in the blood of a rat after
iv. bolus administration of CPT-11 solution (free CPT-11). (See Example 69). DESCRIPTION OF THE
PREFERRED EMBODIMENTS 100661The present invention relates in general to methods and
Iposome comppsltions sk of AEiveN B RHet RlNLies, erperipliinarABRUGs Apgmading
agents. It is the discovery of the present invention that substituted ammonium and polyanion are useful
for loading andrtetaiaingttneehegestianef Brdpeundaimsioechisostmbs. e sientsdIyitheérpgesent
invention providgs [iposerea:cOnResitions and kits septaining substituted ammonium and/or polyanion
and methods of making these liposome compositions. 13 100671According to one feature of the

present invention, it provides a composition of liposomes containing within its inner.space one or more
substituted amﬁ]&c])%%tfm :?ol 5%8131?13@%{‘36{?05 ?ﬂgplfs @lﬁay ?@gﬁ%o Sém tég‘é ll}%tﬁ{ R2, R3, and R4
is independentlyeatindrod enerbaarmigamigegeou; Zndwine ilvatieast maevofdr] vRE, R30w@nd R4 is an
organic group; such as. an alkyl, alkylidene I%§tef=ro yelis alkyl, gycloalkyl ., alkenyl, on cycloalkenyl
group, a hydrox ysessu stﬁtut&%{er?vrétig% the?e f; &S%oﬁa Iyllrﬁéézrl% }ﬁ% ?thi%%irt)é %ydr%%ar%glngchain as,
0, or N atoms, engy, fetming Hie diseofiHe dansgp em Heetah ordeataindessted, wuthider(thioetharioamine, or
amide bond the{geeiglEqalI% s.than three of RI, R2, R3, and R4 are organic groups, then, according to the
invention, at least one, and preferably two, of the organic groups has a secondary or tertiary carbon
atoms (Le., c‘arE n atoms, havi or 3 carbon-carbon bands, respecti elg irectly linked to the
ammonium it DB e IR U IRNEA LIHERGH 1D LIS iy LT G e Sbierall, the
presence of titrafable japarad vl BRChiasmundifbstituté diaonctionipreparedMiy ), BBAVBDES primary and
secondary straight, chai gl?@g@ iudans in.thenner space of the liposome of the present
invention is knd%/l&:rgt‘}%}ag%\?} g or enf?ﬁ?g? %ﬁggp%%ggﬁ% r\‘/é:lelgﬁsaom%h\fbrﬁfgg%es%rse}) ?CI?F es/(gmple, via
a mechanism of Edctivehetherdte | Lor ViRBrBhfemiragengt dti&3taviverpt feading (Haraeast al., Biochim.

Biophys. Acta, 1393 0¥ 102494 LB MAHISE RRU ClaliAl cRIRGMNNZ.BIaRIYE. fflg, 1999, v. 1416,

p. 1-10). However these ammonia compounds possess hydrogen atoms that easily enter into
reactions of nuéledphifie s dpstiterbhresseretheswidecte aeteHesfdRIARAEY $he liposome-entrapped
entities, and therefore are capable of impairing the chemical integrity of the entitites during or after the
liposome loadirjgi&rtraprient)3prscess thEygaihissadshrablertor ao @nirappedstdbstiteted ammonium

compound to b mare, chemcally lnert faeking. chemical funclians which are unsiaple,gr readily
reactive with thee]lposome components, that maylﬁc(iu ean encapsulate enﬂ?y. nexpectedly, we
discovered thatpoguoiitevednipositionslcom peisingSwithingdied: imel Epdosarsubstitsed!tertiary and

quaternary ammaniu;aak o netiae. a pubsiable yeinaenrena itialihindered primary or

secondary ammonium, in which the access to an ammonium hydrogen atom is sterically hindered by a
neighbor bulky BitpapieiRi SRR astthy s HaViRY BRESE RTS8 cERTANY Y - 1PTeRMERbohEoms linked
to the ammoniupiERISR tRECNRAT QMY arIStanding LRtiBkiaaaing capacity, but also improved

stability of the liposome-entrapped entity, e.g., a drug, against premature release from the liposome in
the living body. [0052]  Figure 34 shows antitumor efficacy of the free vinorelbine (Free drug) or scFv
F5-conjugated, anti-HER2 immunoliposomal vinorelbine prepared using various amounts
of PEG-lipid against HER2-overexpressing human breast carcinoma (BT-474) xenografts
in nude mice. The error bars are standard deviation of the data. "Vehicle control"

designates the mice treated with drug- and liposome-free vehicle only. (See Example 54).

[0053]  Figure 35 shows antitumor efficacy of the free vinorelbine (free NAV),
liposomal vinorelbine (NAV Lip), or FC225Fab'-conjugated, anti-EGFR-
immunoliposomal vinorelbine (C225-NAV Lip) against EGFR-overexpressing human
glioblastoma (U87) xenografts in nude mice. "Saline" designates the mice treated with

drug- and liposome-free vehicle only. (See Example 55).



[00681In one embodiment, the liposome-entrapped substituted ammonium compound is
pharmaceutically inert, that is, does not elicit an adverse physiological response when administered to
a living subject, e.g. a human or an animal, within an amount of the liposorne membrane material that
is sufficient to deliver an effective dose of the liposqtne-entrapped entity. In another embodiment, the
substituted ammonium of the present invention has an acceptable level of toxicity to a subject. Usually
an acceptable level of toxicity means that the toxic dose, e.g., a maximum tolerated dose (MTD), or a
dose causing Sy Jgthalify, (LDRQ),0f e JnsHIed RIAmONROf IS RIETENL nytion is at least
twice, at least four times, at least eight times, or at least ten times higher than the toxic dose of a
liposome-entragpesanesstrty the. §ruatinp srpelEaidsititbdiposdrnts i8f #ierpredentinvention. For
example; triethylammenisun stlfste-hesiataccertabitleyelahiexisity acaaraing itihe prgsent
invention since its LD50 is about 40 times higher than the LD50 of doxorubicin, an anti-cancer drug.
The toxicity Ievé}é%?dpr@ﬁ%{;dﬁim?ééﬁmnses of substituted ammoniums, as well as of the entities of
interest, if not already known, can be readily established via routine techniques well known by persons
skilled in the bigetégical Bigused, storvexarmplepS:Tic@ach DrabSsfetyl Bvaduation, WiByxNew York,
2002. One methad of.quantifying the texicity of free-and/ar lipgsomally fermulated Js.glescribed in
Example 16 he?g%lﬁ.%%gil%xoné prégrrx'red'ém ugﬁlﬁ%sgl%?t e substﬁdutiygggt?r%éanic %1 6%%5 among R,
R>, R3, or R4 arengf theosizensmaiphySico-thehiksan o pBAieseserficieningd emenfadift the substituted
ammonium formg.if, agYeaysSRYranpant Syhsientialy aitus RelecHath SO m LI Aak Blicelles,

bilayers, or similar self-assembled structures. Therefore, the substituted ammonium of the present
invention preferdbfy feid fiecsicsun Seahtiany e WG PRATBRINR the BHagRr PEitlod St Hissdhfes,
therefore minimiging.the-osk of destabilizptiomsalkbilizationnsr nesmeahiligation. of the liposomes
entrapping the substituted ammonium. 100701The organic group of the substituted ammonium is
typically a hydr n containing, inclysively, up to 8 carbon atoms, up 10.6 carbon atoms, or up 10 4
carbon 15 ot i B T e A S TR T 6 o
12, or up to 9 c&rborpktoRis. These substituting hydrocarbon groups include any combination of
interlinked primary, secondary, or tertiary carbon atoms, as well as cycloalkyl groups being linked at

their termini dirggbkyAi0 the; ArmOnRkER NitOgen s mMIR BeigTReKelac dhie Akak et 8losa 6f an

ammonium hydrogen-substituting group. These substituted alkyl groups_can also_include heteroatorns,
e.g., oxygen, nitfo§e, ‘of z)ﬁiﬂfr %Wfésmﬁ?éﬁ%ﬁ%%m%f@sé ‘n%[ Sf}?riiag?afpg,gg.g.., ether, acetal,
amine, or sulfide group, as well as forming a functional group, e.g., hydroxyl group, linked to the alkyl
carbon chain. Edffdles Bisthe Hrgheies groipyafasetpiesery esrivminslugd FrRNguR hny limitation,
alkyls, alkylide s|8ﬂﬁrQEbéﬁL@il?ékYi%a@bﬁ‘ﬂ?,QH‘M‘;@R@QQ&&%H@%&E&%%%WI§er§’{tine (F5-

hydroxy-substituted derivatives thereof, e.g., a hydroxy-substituted alkylidene forming a ring inclusive
of N in the substittnt¥&BRhESRUAERDO YU erR atA S BRibbgAT <Rt HE dlivdtiftited &ffmonium is: a
heterocyclic ammapipidsi.g. an ammonium wherein at least two of R1,122,1{3, or R4 form aring; a
sterically hindered primary ammonium; or a sterically hindered secondary ammonium. In general, a
sterically hinder, imary or.s dary ammonium includes ubstituted ammonium_ with one or
two of the R, R@g@ and R. es%?b%sgﬁﬁ% Ovc\)/f{rlgi) 5%%0%3%%%%(}3%5} gﬁ?ﬁ 8?68&% ‘the mo e%rul[}a/,' e.g., any
substituted amrhoiuzdnitlstori@op fwaofstire RoRuviaRg isndiRssuestifdiédwiti oresostgo cycloalkyl
groups or alkyl groups-haying afleastioag.Resondan oripiiasy alkyl carbon atom linked to the

nitrogen of the substituted ammonium. Examples of such heterocyclic, sterically hindered primary
ammoniurns, and sterically hindered sec n(a:;ry ammonium inglude, withaut any limitatjon
isopropylethylar‘g&ﬁoq%iu R elsls ﬁﬁﬂgﬁﬁﬁ% ﬁwagﬂﬁfrﬁ?@ﬁ’s@ﬁ?gb@ﬁé?ﬁ?ﬁgﬁgfgﬁﬁmtgﬁbtaﬁ/ﬁ?ﬂf}l8Fnmonium,
dicychohexylammanifien ;. protonizethiarmst ohradt: Odibiati py fidinelapip énidih po yneslididéfepiperazine,
tert-bulylamine, 2-amino-2-methylpropanoll, 2-amino-2- l-propandiql-1,3, and
tris-(hydroxyeth§l/\|6€:r€ftL Ninom 1@5%%? Ref%sglé:3 gﬁgga?afgatﬁ)ﬁl?;nﬁo@n%rj%glor}ﬁ%%égtds are generally
commercially available in the form of various salts, or are readily prepared from their corresponding

amines by neuttdfi¢ation Vst adihovoordiumoetifinaner tmbsamisitstine §upstitdtéd ammonium is a
tertiary or quatefpasyANuRHR NGB Wit At Hmitatia R EiIMeHN AMMeNUNrate),
triethylammonium, tributyiammaonium, diethylmethylammonium, 16 diisopropylethylammaonimn,
triisepropylarnm BT AN RSN BIHOHh AT R AR R SRS R AR R R Ay Ctidinium, and
N, N'-dimethylpipegazinisiny eiresnpifytammonBRY tetrasiblijasomaniiiaind tefpabidplammonium.
These substituted ammonium compounds eneral m [ vailable in the form of various
salts, or are rea%‘lﬁ/%ﬁr%%lg}%ramf%r%l Oeol(r:t%%urﬁé%p%ﬁ%ﬁl%ggé%sé?%gr?e%%l aél%lsct)gl \k/gv}ﬁtf?acids. 100731In
yet another embodiment, the substituted ammonium compound according to the invention is a
globallytationic compound, that is, under the conditions of the entity encapsulation, typically, in
agueous solution at a pH between about pH 2 and about pH 8, bears net positive charge, e.g as a
result of ionization (protonation) of the introgen atom.



100741In yet another embodiment, the substituted primary, secondary, or tertiary ammonium
compound encapsulated into liposomes has a negative logarithm of the acidic (cleprotonation)
dissociation constant (pKa) of at least about 8.0, at least about 8.5, at least about 9.0, at least 9.5, or
at least about 10.0, as determined in a diluted aguegus solution at ambient temperature (typically 25
C). Parameter pKa is a well known characteristic of ammonium compounds that generally
characterizes the strength of their basic properties, and methods for pKa determination are
conventional and routine in the art. The pKa values for many amines and their protonated forms
(ammoniums) AFETSHRIFSTNRE PIPAIBERY HEoROBR dRaniGty SHREBHA ARSI SRy SeHF example,
IUPAC Handbaoek@fPhasigmaceuticaliSalisaed. viyhRitdg-Stiahli prd 6 Grid eeiticiho Milegsaéal, 2002; CRC
Handbook of C emisg%%%?d Physics, 82nd Edition, ed. by D.R.Lide, CRC Press, Florida, 2001, p. 8-44
to 8-56. Gener fi?,nllﬁ)g er'pK.a characterizes stronger bases. Exemplary substituted ammonium
compounds, as well as unsubstituted ammonium (listed as their conjugated amine bases) have the
following pKa vEI0E: pyFiehtirid, 11031 thisknamesial e afisssrbpiiansistt 4o edisthylamine, 10.93;
triethylamime, 1Q.£ i dimgthwaning IR terRuyaainc:0:68y eusl chexylaminer 1066
methylarnine,10.66; ethylamine,10.65; propylamine,10.54; Isopropylamine,10.53;
N-ethylpiperidiﬁ@%@%@;’id‘itfpcfréﬁé&é&*ﬁﬁﬁ%ﬁf‘e@i{fﬁ?4\,’%é‘ﬁ>ﬁﬂﬁf&éH&ﬁ‘é?%?é%a’?%ﬁéftﬂ;\?wnethylamine,10.35;
dimethylpropylafuingiifheitiimeathytamine d9i%- PR, Cazing, 1S dsbihhl 93 (H)ine prepared by

2-amino2-methylpropanol, 9.69; N,Nr-dimethylpiperazine 6 2 (1); diethyl-(2- :
hydroxyethyl)afifgY .‘?ﬁio&ﬁ%%ﬁe{ﬁ%%‘é‘?‘g.%‘;%ﬁ!E@P@é@é}ﬁiﬁbﬁéﬁuﬁ%@5.4&?‘5? I&hidtdine, 9.28:
ammonia, 9.27 Hiimethyir{Rehypdsompéthybaniirer8p83;daminoyRnmethivipropanediod{it3, 8.8;

~ morpholine, 8.5; tris-(hydraxy aminoinethane, 8.3. N-methylglycamine, 8.03, triethanolamine,
7.76; N-ethylrn(‘)%ttltulgﬁ;%% %Wﬁgégg(y%tﬁﬁgn%%ﬁﬁaﬁygg}&%r%ﬂ)éggq Ie{gf.%e&?%@ﬁgiﬁg?'Sla As a

rule, substitution of alkyl or cycloalkyl group for a gydrogen in an ammonium compound increases pKa
value. Notably, i#tfifiple Ajtdt shuther e EeHe S SRTtiHg AIYE §Y8ipstiBtkhe presence of

aromaticity in aijiReen-easRinietheterosyclic gravpcteslucepKa naloe ralativeda sinata substituted
ammonia without hydroxyl or ether functions. The compounds. with more than one onium group
usually have pRAGFHHES avaﬁ%&%%@%Yﬁhﬂ%i{ﬁwﬁsmumﬁ%%?ﬁ%m Ythe first one.
We unexpectediyrdisedisenachdhatisubsftlited desimonda wvithn kighertpkaittalires, dhatisydarmed by more
strongly basic afrlyé%n\ge iggg%lm?g & eg%invi tﬁgp those formed from weaker amines in stabilizing the
drug inside iiposomes. For example, Both If-iB’and SOS salts of triethylammonium (pKa = 10.75) were

notably more effective than corresé‘ag/nding salts of triethanolammonium (pKa = 7.76) in stabilizing

irinotecan withih®H& lipoddmestin wvssERafmpiarrssdonsserifd-dubslinrd dhadrmsriche EBtained in

the liposome coaResitien.eTME preserhinventionican keon pryrswiahle ki © gat sakk Suitable salts
include pharmaceutically acceptable salts. See, for ex e, P.H.Stahl, C.G. Wennuth (eds),
R it VRS oW, 28681575

Handbook ofPhAHHRAUTHIEST IR RIS Péinh 889953 -8ne embodiment, the substituted
ammonium is a salt containing one or more polyanions of the present invention. Optimally the

counter-ion (aniéfi$$ thé'substilutberarhinohiharsatobingispré St ilvertibn dentderes thielsalt water
soluble, is pha;g@@@r}es Y et CaRratle;RtiRRRIRG RERAIRUAGSQR 95/s Whendn Spatact with a

therapeutic or detectable entity, and/or is less permeable through the liposome membrane than the
substituted amrROHRAABINIES AL 8ISSBE R tetPhimd fiset ik bendpss Hremalstitited ammonium salt of
the present invention forms a true solution in the intraliposomal, e.g. aqueous, space, and does not
form a significant amount oDESORIEAIENPHRSEIED AREF BRI D, bVegaDgaEdr ¥ ystalline phase. The
relative amount ubstjtuted ammonium and a salt-forming anion, e.q.,.polyanion, is at.or near the
point of oo equ ARy, B B A 4 e e S B b e e
dependent, for esetigle, dsh iy dissutiatiDentonstasieofathetvonpegate drivase pinthecsulbstitused
ammonium ion. JA0Ze1In gensral, e SUBSHIMRA ANDARI IS SANAINGNSIIRaME! iein the inner

(interior) space of the Liposomes of the present invention. In one embodiment, the Is substituted

ammonium is pafEBlly@reubseadanrEs Rt SRifh SV CHBRPIRE. HIREE fRURIASurrounding the

liposomes. Such remaval can: Be-aseomplishetby ianySkiahleneans nowi i oReskiligd in Me art,
e.g., dilution, ion exchange chromatography, size exclusion chromato_graﬁhy, dialysis, ultrafiltration,

precipitation, et& 0% 7§ AENBRAIHE ' Litb ALY TRSRPE PR Bt L SR RO Bides a
composition of lipagngsneontaining a polyanion. The polyanion of the present invention can be any
suitable chemical entity with more than one negatively charged groups resulting in net negative ionic
charge of more than two units within the liposome interior, e.g., aqueous, space. The polyanion of the
present invention can be a divalent anion, a trivalent anion, a polyvalent anion, a polymeric polyvalent
anion, a polyanionized polyol, or a polyanionized sugar. Sulfate, phosphate, pyrophosphate, tartrate,
succinate, maleate, borate, and citrate are, without limitation, the examples of such di- and trivalent
anions one preferred embodiment, the polyanion of the present invention is a polyanionic polymer,

having an organic (carbon) or inorganic backbone and a plurality of anionic functional groups, i.c
fiinectinnal arorine inni7zahle tn 2 neaativive charae in 2 natitral aadirientic ealiitinn and intearated Ar



well known in the art. Both straight chain (linear or branched) and cyclic polyols can be used.
Exemplary polyols of the present invention are, without limitation: ethyleneglycol; glycerol, treitol,
erythrirol, pentaery-thritol, mannitol, glucitol, sorbitol, sorbitan, xylitol, lactitol, maltitol, fructitol, and
inositol. A sugar usually comprises a cyclic acetal, @ cyclic ketal, a ketone, or an aldehyde group, or an
adduct thereof, within a group of interlinked predominantly hydroxylated carbon atoms. Sugars are
often naturally occurring compounds. Hydrolysis of sugars in aqueous medium leads to units called
monosaccharid pically, in.an agueous solu a monasaccharide sugar molecule.of five or six
carbon atoms foe@rgé:); cyc‘:!ﬁ%bﬁréiriﬁ%%e%gﬁ gargllﬁrﬁ g rugtﬁ?%s.egrlgf\éerlgb(i?/j }stlﬁ)é%\gsg ot the IB esent. iﬁ%entions
are monosacchdndesorsdisaiechagidab ithiatiisecopsisoot onaaretwbsiioedsacelarive units, each
having from thregoﬁqug}{ggopg%gmgy from three to six carbon atoms. Exemplary sugars of the
present invention are, without limitation, monosacharide hexoses, such as glucose (dextrose),
galactose, mannose, fructose; monosaccharide I&entoses, such as xylose, ribose, arabinose, and
clisaccharicies, such as lactose, trehalose, sucrgse, maltose, and cellobiose. Compounds comprised
of several interlinked sugar units forming a ﬁm"g‘(}f"y(f@dextrins) and their derivatives can be also used
Reduction of sugars is one method to obtain poliRgls. More stable "ngp-reducing” and
non-metabolizable disaccharides, such as sucrose or trehalose, are preferred. Various polyols,
monosaccharide¥ g5 A Xharifes aré r‘ﬁéf’(ﬁ%‘?ﬁpg%%%f@fdf@é)%_‘Z,‘b\aﬂé)l&gﬁ‘ﬁifiﬁffélgi’ B3ty pi or
sugar is a polyoheteSugaieiaving IR Hdraxyhadaups eovpieielyronpatdally, modikgd or replaced with
anionic groups (anignized), Thus, a.pojyanionized polyol or, polyanionized, sugar comprises a polyol
moiety or a s,ugagrlrﬂ(r?%ééee §Fa gﬁeéo\%}f ah%rll}%/nicc 3écr!(())ﬁ‘ p ’ir%bé{da!h%? o(?rlf%(é%r%agllcgﬁg g%ﬁ%‘?ﬁbgg}!%urﬁé %%clude“
without any limitatigmitgarbdenpates damsoh ats] ahidgarobriate vdithiotahydnateb phosphat§, O, or
Phosphonate, Slaienulanalgiiiale.AN Aale,/Lie RIclFISd hotatieass aneAnionin group of
polyanionized sugar or polyal Is strongly anionic group, that is, is more than 50% ionized in'the broad
range of pll, e.g.anppe301 2mpie ferzbiyersid. 2 esswinaritireersé Rgleolis Arddiumie orgateiatively, has a
log dissociation ganstant (e @l arJes% PR iRIAPMOT A 8ssHRAVANAIZALARRf a-pglyol or a

sugar can be achieved by a variety of chemical processes well known in the art. For example, reaction
of polyols and/oM&tigarS WA LAIFTABKGE R RINBRISSHSATRUGPISHATHNRE 6F 2-ProshneHedults in

some or all hydrexyhgraxpe-asteyimdavith siuticacighresiduasitsstated), providineu2d for a
polysulfated sugar or polyol. Exempl|ary sylfated sugar of the present invention is sulfated sucrose
tutiing, withou DTG FCA R AL SUETEe HEALBAe DA SE ChoLe st (See
Ochi. K., et al., 1880 0GihensuehastimsButiive 28nmd6a8r GtI(N Bifijlarty eliemgtionanittmphosphorus
ox.ychloride or digihylchlorophoshate,n, e Risasne.ofbase caialystesults i polyphogpnoryiated
polyols or sugars. B0 ypﬁ/osp%ry ate pgyo s are also isolated front hatural sources. For example,
inositol polyphosphstesinsgahcasskoseitolthexeyfo Sphareaipi tiecapitipisorsofatsdkfrombicphilicA variety of

sulfated, sulfonaggd,ang phasphopylated SUgRE and.arlyolssiiiable tepracticahsupsentinvention
are disclosed, e.g., in U.S. Pat. 5,783,568 and U.S. Pat 5,281,237, which are incorporated herein by

reference. It wastinexpleding/ (Hseovdrdd Hiet/ veyRisriniscd folyiydrokyfeett 2oinbdunds with only
strong acid dissagiatienSters, & 4., e AL psRaving pKa shless thanabaut 3-Rwrreferakly less than

about 2.0, such as, for example, sulfate monqgesters. (pK%:iL,O or less), provide liposomal
encapsulation wiARBEREr GG HESRSCHR A BORTARGHS S LSISIRY BBk TLRdE%CERTSSlinds having also
weakly acidic dissatiapanisteps:istioh, asdhbsphistadnanbasiess (siep thokpaboutdiapstep 2, pKa
about 6.7; see Stap}.and V(\{ rmqtth, Op. cit. ]20(%2 . Exam%e 73 belowqi}lustrat this di§covery.

. nit n egrefore are ca € OI1 amn% e chemical 1 %}t& 0 t%e ﬁntm €S .
Cornplexation ofepo ric acid also results in a

VoIS Ahd/GrsUgars wﬁ?ﬂbmore an one molecule o

polyanionized (pd}dlybwate;ﬂgeprhxdmpm@mbﬁdm@f_mwmaﬁ@mp@agﬂnswviiﬂiﬁcasbrahldi*sm!zﬁde_ in the

presence of a'kaéh‘i??%olﬁé% '&tPs‘?ci'P(x?éH%Hu'&x%%i@%g'cé’o‘}ﬁtpb%%r%%%‘%ﬁe E’t?é)ﬁfé‘élg)%%‘?E%‘éﬁéﬂg“va“ves- A
e fr

polyanionized polyol or sugar derivative can be isolated in the form of a free acid and rieutralized with
a suitable base, fopaieahilectiorh vean ol ke ivarsahl yiiendider camiromitintbisy thexie compeafariably with a
substituted aming,, g, ANNACHT GRAREIRG L9:8-substilyRdanmenivn.efthepressatinvention, in a

neat form or in the form of a substituted ammonium hydroxide providing for a polyanionic salt of a

substituted ammeHIRPS BT PRESERS TEHBSREMISR SRV, SHESTftRh [5btas eI VeI, barium,

or magnesium salhgefoaipal¥anianizach pRIAISHGRE LA HIEisIatedandicanyaitae-datparsuitable form,
e.g., a substituted ammonium salt for.m\%ll)ﬁ/ y known method, for example, by ion exchange.

100801 The polyaHiERTGHAE BRLARY IRVERAON GG R 4 ER AT CEHURF BY HETEASL G  Bree, or
four negatively chaxteeigroupsigieioubii}ie. grgper gasbprrations bavimgoineacarbascehadryarrper
monosaccharide unit in a sugar. The polyanionized sugar or cyclic polyol of the present invention
preferably has at least 75% of available hydroxyl groups 21 polyanionized, and more preferably 100%
of available hydroxyl groups polyanionized. In addition, polyanionization inside the liposomes of the
present invention is usually at a level that is compatible with or facilitates the delivery and release of

the entity entrapped inside the liposomes at the site of its intended action, but decreases the release of
the entranned antit\s nreamatiiralvy 1 a hefore the linneome rearhec ite cite Nf inftended actinn



[00831in general, the liposome composition of the present invention can contain one or more
polyanions of the present invention in any suitable form, e.g., in the form of an acid or a salt
comprising a polyanion and a cation. The amount of polyanion, e.g., polyanionizeci sugar or poiyol can
be stoichiornetrically equivalent to or different from {he amount of the cation. In one embodiment, the
liposome composition of the present invention contains one or more polyanion salts of a cation,
wherein there is a cation concentration gradient or a p11 gradient present across the liposome
membrane. In ﬁnother ebmbogimeptkt?ftli%gsonie com 0§ition ofﬂ[he Ertesent intvtent'on contains one or
22 more substitUted arnmontum Sp(‘)‘ilyéct ion %?fg%??huéxgr}leléoe%%fl INVentio .Oirrq%/gfl 86) ré%%r}ﬁ%diment,
the liposome combositipacol/thetplesenpinvedhtiobiicgnifihs lipespolyanicapirsidatithediposomes while
the polyanion i r%e 2djum ining.the liposames | tially.or substantially removed by any
suitable meansg 1115 6anr%%[%%r§ee gi?ﬁ%égi?r?atee%gr : te%.eg?pgﬁﬁ?(%ﬁ{l ikgir%xé%:rﬁ%;?\ggég ‘chromatography, size
exclusion chromatography, dialysis, ultrafiltration, absorption, precipitation, etc. In still another
embodiment, theyiBpSome N RIHARRRLRONATIN. &:daphebamanized aaliorRAanipnzed

sugar, has also a transmembrane gradient effective in retaining substances within the liposome.
Examples of sttRAfFarRHSIFFaE Grdtetd eierpiriridie At veTec Hosnelracal porsmaardietient,

ammonium ion.gradiskte$ubstitiiadsaneponium omaradianinansoluhility aradiant « gubstituted
ammonium graldient typically includes a substituted form of ammonium ion comprising at least one C-N
bond, such as, BFiALY! AR TR Brogtidsmh Sy A BRI EHSEO b Ereating
transmernbran&;@ﬁadiel&mra;ﬁgeméﬁin@. inxt;l&ﬁ)&ﬁr Qﬂmﬂ&ﬁmesh&@@%mwaﬁdmm& weother feature
of the present invention, tie inosome compesition of the.present jpventon spniains ang pr more
substituted ammonums andror poalyanlo Sof e presenflr?'ven ioh-and a’Chemical 6rbio Ogical entity,
e.g., therapeutiesebp tietectabieentifyat For exandpte, ¢ emtityicomtairiedinl thesdipddhthecamposition
of the present igyeniign A liFARIY 38BN ik s Mmagnatic.compoyad, ferilgy, lure

biocatalyst, taste or odor modifying substance, bleach, or any entity that is detecta y any suitable
means known if hisasiive ey, arlag éoer idaehan ashsating(Mney, B persaksmagissdigher than

fluorescent/luminagcrnidnag ig‘ﬁﬂ&k&ﬁ@%ﬁp@ﬁéﬂﬂ@%@%@ﬁ&@@& SRiRRtY. ARSHIRE cpntained in

or loadable to the Liposome composition of the present invention is a weakly basic and
membrane-periieBISRETiBBERIRY SRt 2818!e drcminBreoMEig BF Attt dpencaaiaR! e D085 1In
one embodimeflkithe eidiieentaine grindhalipaseinenee MPDBItOn: abthe praseRtiryentian is a
therapeutic agent. [00861In another embodiment, the entity contained in the liposome composition is
o anticancer SR GAATATRHIE oF SOME BFH-L LGS I NG SISy Afproved (or
active developmemiyantiieoplasticiagentsynelassviibatiarf iBecas follows inR3c10 08141 Stradiure-Based
Classes: Eluorgpyrimidines-5-EU. Fluerodeoxyuridine, Ftorafur, 5'-deoxyfluorouridine, UFT, .S-1
Capechabine, TORHECR b e PR ALl A R e e
Gemcitabine, Sikiieyesinbatabinobitexanmieirtes-GiMefdastSplainByFhivgnanine], Nzathioprine,

Allopurinol, Clageiying o5ludiaraie ReRIRR e oA A deasinG: Bl AnAga e/ isplatin,
Carboplatin, Oxaliplatin, Tetrapiatin, Platinum-BACH, Ormaplatin, CI-973, JM-216;
AnthracyclinesfApnFcerad HeEXps ibheisiDaunorubicin, Epirubicin, Idarubicin, Mitoxantrone;
Epipodophyllotoxins--Etoposide, Teniposide; Camptothecinslrinotecan, Topotecan, Lurtotecan,
Silatecan, 9-AfieoCamiptoikhecticrie EixbilEthyle nkedinkytCaimptothetinrQ:Nitrad@amptrihecin, TAS
103, 7-(4-methyl-pipgrazinomethylene)-10,11-ethylenedioxy-20(S)-camptothecin

10N tsoprop A S SOt ST e oS Al FPRb e cLr that e
Analogues-Dietyitiittes o Tamoxifens Toerefirey TomeacexbTymita.qirFuamidel2Bicalutarnide,
Finasteride, Estradigl FriexilangeRiolpniine Madrommiege sitiensAcaipe ilpgsaiciol Acetate,
Aminoglutethimide, Testolactone and othérs; Enzymes, Proteins and Antibodies-- Asparaginase,
Interleukins, InféHEbR pameRlitee HogassantayenaprimtHers! Wsed el sidstavintssine,
Vinblastinc, VingeglBinRnViRdgRIBR J@ResRaGNREl-DacsasR! nlANB8 HY achaniem-Based
Classes: Antihollonals-See classification for Hormones and Hotatonal Analogues, Anastrozole;
Antifolates-Meﬁf&f?@%ﬁ%n%nﬁﬂab’[‘é?mmn’ or permeabilization of the liposomes enfrapping the

substituted ammonium.

[6070]  The organic group of the substituted ammonium is typically a hydrocarbon

containing, inclusively, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4 carbon




Trimetrexate, Trimethoprim, Pyritrexim, Pyrimethamine, Edatrexate, MDAM; Antimicrotubule
Agents-Taxanes and Vinca Alkaloids; Alkylating Agents (Classical and Non-Classical)--Nitrogen
Mustards (Mechlorethamine, Chlorambucil, Melphalan, Uracil Mustard), Oxazaphosphorines
(Ifosfamide, Cyclophosphamicie, Perfosfarnide, Trqghospharnide), Alkylsulfonates (Busulfan),
Nitrosoureas (Carrnustine, Lomustine, Streptozocin), Thiotepa, Dacarbazine and others;
Antimetabolites-Purines, pyrimidines and nucleosides, listed above;
Antibiotics-AnthrggyclingsiAsnacanesionss: BemycianRRCIRQmY&, Mitemycln Blicargycin,
Pentostatin, Streptozocin; topoisomerase Inhibitors-Camptotheeins (Tope 1), Epipodophyllotoxins,
m-AMSA, ElliptitiheL{FB0 L BoANAAATs-Abere RGBS KRB FQ PR A8y and others;
Miscellaneous exipiaxioAgentsritidomines, Mitaianeg, drusion T exins Réhs, Beyostatin, Retinuids,
Butyric Acid and de%ives PL%ntos,<I:1nkFCme%l illin, and ther[ésl. 24 100891In ado!ition trtat e above, an
anticancer entit} & & SRS AR, TS AW T TE PSR H B WiheA SRRSO,
vincristine, vinbidstitres wikorebineavioflwmwne tadwinpaoeting drognombsizutdepyme riz geor
destabilizing agent, raicro e stabilizing agent, e.d., taxane, arninoalkyl or aminoacy| analog of
pacitaxel or dos L al e e S L e LA P AP
7-(N,NDirnetityigircyhybanlitzaias, fanui 7l Slasyipaictitaxs|e alikylhting atdnimeceptovibikeding agent,
tyrosine kinase johigjitor sRhasphataRe RIS, Cysling Aepandsis Kinrse dniibinyeaayspe inhibitor,
aurora kinase inhibitor, nucleotide, polynicleotide, arid farnésyltransferase inhibitor. [00901In another
embodiment, tH& @Rtk eBaRRIdNR TS EEBME COMPEERR MYFIHRNTRSSeH: NUBPHGHS a therapeutic
agent of anthragygline compeundsiel-delivatives,srRMRgthesinaIgompeURds Rnhderivatives, ellipticine
compounds or derivatives, vinca alkaloinds or derivatives, wortmannin, its analogs and derivatives, or
pyrazolopyrimidiacli Ot Ra S ViRH e BRI RH S VRS BIFG o FopettREraBogbEliyfet another
embodiment, thelsmidbneaitained imgiadipaseoiel campaesiitirualthenmsant invention is an
anthracycline drug, doxorubicin, daunorubicin, mitomycin C, epirubicin, pirarubicin, rubidoinycin,
carcinomycin. NgoglyIadkiamyeine ibldazane, oxmidedaunamysin, N-asehiclanpemycine,
daunoryline, mitoxanthrone; a camptothecin compound, camptothecin, 9-aminocamptothecin,
7-ethylcamptot/BEEPIIEn Hd ForafePRtathebficio Aittet dmp dthedi; Rs, or Ry form aring; a
10,11-methylengdigxicamptathesined amHack0.ddametyhenadiocanpiomesimoahiore; 10,11-
methylenedioxycatnptothecin, irinotecan, topotecan, lurtotecan, silatecan, (744- .
methylpiperazirfStHathylSE R, b et RERao SRS eatPROtHERIAncudes any substituted
methylpiperazinemeshiylens)tléhd brmeshyigradioxy-R0 (&N sarspiethaeinwith alkyl groups that
7-(2-Nisopropylaming)ethyl)-(203)-camptothecin; an ellipticine compound, ellipticine, 6-3-
aminopropyl-elllsfﬁfé‘fﬁq(g)f E%/J%é{r% ézriﬁlclﬁe%%nﬁ%ﬂi}ﬁ |(§i%|ﬁtfﬁghen A ré"révé%? Hﬁ%ffif)‘t\far%, treetglli*ptine.
100921In yet arfathier emBadimant; tdevéhtityecontaingd dalihe diposomelbftreoppedentripuention is a
ph?rm‘?‘ce““Ca'l8&%‘&'%’&”%&'0%@%&/%&9%&%Kﬁir}r?'%”r&”rya?&mni%'éot‘év'ﬁ‘}% :n{?}%@el%tﬁ jine glhylgpediamine
derivatives (bromphenifamine, diphenhydra mca); Antl-protozoal: quinolones (lodoquinol); ainidines
(pentamidine); amtipiiinticsaypyiesitesicipBesmeicselhisteisoradl drager (e xarmmaiic eimapnartifu atdl triazole
derivatives (flicapazgle, iiRepnazRlsseloranazols iFRicenazeisl anmisiakial cephalosporins
(cefazolin, cefonicid, cefotaxime, ceftazimide, eefuoxime); antimicrobial beta-lactam derivatives
(aztreoparn, ceffRBIARYRM YRR Rt PRIORIBRID BREYHHT SRy Si e Ry PEY B TERpIH SN,
azithromyein, claiicamysinonleandanyrinx paniating(heenipaicig ehenexymethylpenicillin,
cloxacillin, methicillin, nafcillin, oxacillin, carbe_nicil_li,n); tetrac %ine_s; otherantimicrob@l antibjotics,
novobiocin, spe‘@fﬁ‘ﬁiWB?H?@@HEOW&W&H{W&%&%@?i[zi‘i’@(r G OB Ry R HBI GRiftdomycin,
ethambutol, isonjazighipyraziseaviges sifadiotin,3iitach pin;(Blafazived; @niivied racamartaees: amantadine,
rirnantadine; qus@gg)dmetgfgivat(i)veg: ccrg)lor% ui e, h grﬁgx chcloro gineI Erom aglrleing %%mnc;f
antimicrobial qionoﬁcl)r‘fes: erPﬁPo 6)2%cmr,n n@xgcﬁ, ome Ilgxé)gllﬁl, ﬁ%ﬁ?dli i ach ,n‘orﬁ’oxa&%,ooﬂoxacin;
sulfonamides; urimenys t@tt antimierdbjasepasth énentine, coitresfuraditei ptikidip pantsaiitrdimidazoles:
metronidazole; &};@Ji&ﬁgic guaternary ammonium compounds (ambethinium, neostigmine,
physostigmine); anti-Alzheimer aminoacridines (tacrinc); anti-Parkinsonal drugs (benztropine,
biperiden, procyclidine, trihexylhenidyl); anti-muscarinic agents (atropine, hyoscyamine, scopolamine,
propantheline); 84r&hergi ¥ paMRTES ARSI, Do BURSIHIHG AyRedHALISEiHERR e, norepinephrine,
isoproterenol, ngtagiepe iennbnsatmeatioditgrbutadine) ergatanonc desvativesioniyarelaxants or curane
series; central atcti%n m orelaxantt X k%alclo%hen, cyg.log nz%gi?c, dentrolene; nicotine;
beta-aclrenoblocker ?aé}é%rﬁﬁi?arrﬁlg a?ghe?;n Blé?izéaﬁayzglﬁln f‘(ﬂﬂ?&%‘é‘?ﬁ); antiarrhythmic drugs
(cliisopyramide, encaidine, local anesthetic series--procaine, procainamide, lidocaine, flecaimide),
quinidine; ACE inhibitors: captoprii, enelaprilat, fosinoprol, g-uinapril, ramipril; antilipidemics:
fluvastatin, gemfibrosil, HMG-coA inhibitors (pravastatin); hypotensive drugs: clonidine, guanabenz,
prazocin, guanethidine, granadril, hydralazine; and non-coronary vasodilators: dipyridamole.
[0093]According to the present invention, the entity contained in the liposome



composition of the present invention can also be a pre-entity, e.g., a pro-drug or an agent that is
capable of being converted to a desired entity upon one or more conversion steps under a condition
such as a change in pH or an enzymatic cleavage of a labile bond. Such conversion may occur after
the release of the pro-drug from the liposorne interigy at the intended site of the drug/liposome action.
However, the pre-entity can be converted into 26 the desired active entity inside the liposomes of the
present invention prior to the use of the liposomes as a delivery vehicle, e.g., administration to a
patient For example, a a ifiled into a pre-entity so that it | sier tq,be loaded into the
liposomes antﬁﬁ%ﬁ fi?pcggﬁt éxéggﬁgeaﬁgg %%SE: 1REd the fgéﬁ%d%nr%ﬁé%%%%mﬁl?sﬁﬁigﬁ’&he liposomes of
the present inveisioxydiyhitprghnen, dtsordivig todhéipresemdntntidmaheipmttesivat. are generally
not amenable &9&'&9@_&%@&{&{5&9{@5,Q&%ﬁ&;%%ﬂ!ﬁﬁ&h%é%gwgm%b%&,%&%ﬁ&%@&%@'v loaded
into liposomes, e.g., info the liposome interior space, in their native, unmodified form. 100941Globally
cationic compGUiASNHAIGESHINS AFfc LapRp RO Bt G et pashdommnie cRERYE tider the
liposorrte loadipg.coRdiionsspsRAcIANY thecomRAUAS LoRtANIBY R liaiakisramingcake known to
effectively load into liposomes exhibiting transrnembrane ion gradients. If an entity of interest is an
organic compoyyyeand i nof oy clobally cationic compauad having 2 iralabls amine, a derivative
thereof having the r qwsﬁé IoniC properties can be prepared by a &litable moditica Ion, e%., according
to the methodsteismshiechin Wigokhl yetadionin WiQpean2sthaTisFandex dmpteydamantinggeotity can be
introduced by egterfigation of Amvdraxy AIRHR AL SUTHLLRADARINPAFi, ARInAtYel. a
hydrophobic group can be introduced into a water-soluble compound to aid in its partition into the
liposorne membsER@AUMISI eepientatave isipg bPfHemiaheprameapaie ok Sipodosial €empartment,
i.e., inside the liposomes. Another useful modification to create a liposome-loaciable pre-entity is the
formation of a ¢eohony! gioup addisckebgdiadiydiiazane arco e saeatilooatketaly A modified
amino-containing group can be hydrolyzed or atherwise chemically split from the modified compound
et tho loadin R T Ao A e LD OGRS CERRLIEH LA irion

Typical procgsﬁ@totmmm)aﬁmwmgwm@i@ gﬁbiwefaf_ﬂracb_aup&Oeml@ar@w&dlyaimqshotolysis,
radlolysis, thiolysis, smmenalysis, tedueian, ubsyibiam.pxidatian aAlminafian, Thgse grocesses

can be effected, without limitation, by the change of pH or by an enzymatic action. For example,
paclitaxel or dcﬁf@takélr,lfatqmﬁmﬂ'r@ émﬁtﬁ:@ﬁy éria"é‘dn&’/@lét@dtﬁﬁﬁd%émmelédmnmafhﬂmmr@ieﬁfll)- or
T(diethylaminoprapionyl) Qoﬁ&ﬁ!&nﬁ’é!@t%@t%%%é@_’a‘% haseR e woUles IR lRading g diposomes

by any known method, including, withou '

limitation, "active", "remote”,

“transmembraA@d gradieditloasbd dsieravnibmm i seeAr s dndiedise s Hsdror The riéthods of the

present inventiofuthedpiralipesamal.d« @isthylasinepepinyhinAluRasiaxahincanyerted into
original paclitaxel by stimulating its hydrolysis through the increase of pl-1 to above pFl 7.0. Thus, a

liposome encap&GianRgyPeHS RSP EaNaE FbRIHRA AR iR fniBFier Lpaiee! i oHtaitad RAth the
drug/lipid ratio phaverceudsameirspet. mpterofshélipesomenigiadwitiawthveRepoof hyriophilic covalent

modifications of.the taxant. molecule (e.g..by.attachment of P , lodextt Xane.compexes, or
Eanccolnta R A Ea i A R O B o DR PR (R e S e
liposomes contaifiédpin & lip 8stm & eomaplgsttigheop Hechreseert iaysniigridandse Bryrljpasome known
or later discovergelin e affInAgnaal e Inasammes ghile.praseativenion an hays gny liposome
structure, e.g., structures having an inner space se.questereolS rom the outer medium by one or more
lipid bilayers, otanyeaicrecapsbiecth deratha fsdmiipamheabiaatiambrtidesithda;lipophilic central part

where the mempsang; sequestens anipiatinm inje Bilaysheane any.Atanasmentef amphiphilic
molecules charaptenzed by aga%grophl ic part (hydrophilic moiety) and a hy_drophoblc' part

(hydrophobic niéiehyesins amplibhme e lieasin i lohsyaleryacat Py Soe thidrtnbedihetisional
sheets (;n whicrbélnyﬁﬁgmpmh C h'glr_) 5@giglgggl@m?gr@eﬁgggpyf@mﬂmegmfggﬁvyh@ngq;gmm& mgigties are
oriented outward. Amphiphilic molecules forming the liposomes of the present invention can be any
known or later H1EXB9BFEH AP HsTERIREZIISIAS bQ'é%‘?heé%@‘BFtﬁéﬁfFé%lli%ﬁébr biocompatible
lipids. Liposomésneftihiepssaninaventoniaathalsaine, foeme ey me)ptiphilicspalymets ameo-
surfactants, e.q., polymerosom nd. nipsomes. For the f.this disclpsure, without limitation,
these Iiposomgf(r)g%g% %ﬁ%??ﬁ%l@%’@rég%?g%% 38%@%%%5%@8&%%068& #gggfo the present
invention, the Iibﬂk@m@ybmm@‘ﬁﬁihé\ﬁpémme edmiyasitibr withlyp presénteirféfition can also be
largetng ibosoimityf i IR0SOER GRNIAG N OhIea acng alRiesarbiogliibatio

modifiers on the surface of the liposomes. A targeting moiety can be any agent that is capable of
specifically bindisdpiriarsrseivlgl with-& Besheditgrdel; iRsdhedsprogimehtmnemssimg maiety is a
ligand. The ligand, according to the present invention, preferentially binds to and/or internalizes into, a
cell in which the liposome-entrapped entity exerts its desired effect (a target cell). A ligand is usually a
member of a binding pair where the second member is present on or in a target cells or in a tissue
comprising the target cell. Examples of ligands suitable for the present invention are: the folic acid,

protein, e.g., transferrin, growth factor, enzyme, 28 peptide, receptor, antibody or antibody fragment,
crich ae Eah' Ev cinnle chain Evv cinale-domain antibnAdyy or anvy nther nolvvnenticle comnricinn



contained in the liposome composition exhibit a transmembrane concentration gradient of a
substituted ammonium and/or polyanion of the present invention. Preferably, the higher concentration
is in the interior (inner) space of the liposomes. In addition, the liposome composition of the present
invention can include one or more trans-membrane,gradients in addition to the gradient created by the
substituted ammonium and/or polyanion of the present invention. For example, the liposomes
contained in the liposome composition of the present invention can additionally include a
transmernbrane pH gradient, ion gradient, electrochemicas?{)otential gradient, and/or saolubility gradient.

100981 AccordNgieaeRatHEs B ol emodmaRe pfdSeht iVERRSANHE% gt rile composition of the

present inventiapdeat,b@ pravtisiediig & Kb GampEsing atqntaines, with the dipasosaesitanshaationally, a
container with tagg $ntit%y 1n an instruggtion, e.g., procedures or. information drelated to Tging the
liposome compBSTHSH TRCHERST RIRTR 1oppIbABRT IR ER IR S WARBRIPSTRASE Dixtany medium,
e.g., hard papevadopyatdtironidtivledivirg:gt acesdss imaidatabasesobsiebsiteatontaioung the
instruction. 100591, The,iposame. emAtans composiion of the presant invention carnbe made by any
suitable method kfiown to or fater discovere b§ one skillectin the art. In%e eral, a ar|e¥y o?lipid
components cadlbevaseditalmakbstiettibosomes ofithephedentinvesitionubiichsohfonents usually
include, but are,ak KR D DGR RIS AAMARBEN 8. @il CROIREIRIh RNy
diacylglycerol, acyl(poly ethers) or alkylpoly(ethers); (2) 29 neutral phospholipids, e.g.,
diacylphosphati)reaBfimesngoRiHgosHImsIch MBI RbdsHE HONS HA B oRERMsEsd(8) anionic lipids,
e.g., diacylphosphatidiserineusiariphespbatidvialyesrel sliacurbosphatidaie cardialipin,

diacylphosphatidylinositol, diacylglycerolhemisuccinate, diaelyglycerolhemigiuratate,

cholesterylhemfSQB&IH &% CABIBE e KAFRRET St sty e 2 theshderpe Soisekeriai dipids, e.g..
N4rnethoxy(polytethylepe.g yeel diatyliphespbatidylettanstamine [ppe hukeratghfeol)- diacylglyeerol,

poly(ethylene g| .c%cerami_de; 5 jonic lipids, e.q., 1,2,-diacyl- )

e methytam U OIS (B AL i, R S A SRR BN anc
1,2-cliacyl-sn-gbfceroh3rethyliphosph Qdbotirie? M ongaloyizisp bstituteth derhiative § pistimesetipids, as well
as di- and inonola\!IéK -analcl)ec@ an be also employed. 101001Various lipid components can be
selected to fulfil\f, m |Xf§/n8r impart one or more desired {Unctions. For example, phospholipid can be
used as principal vesicle-forming lipid. Inclusion of cholesterol is useful for maintaining membrane

rigidity and decte¥&ihg dfli§ TEEREEIPERRPRINERHIGRELTHGd 8aPBE cRBAGR AR %pBSomal
formulation to ipgseasethadidatimerefigisaylatianvisreducinglipcsame-claaranseaiby liver and spleen,

or to improve the stability of liposomes against aggregation during storage, jn the ahsence of
circulation exteﬁ%?ﬁ&aé:ﬁ LeWREHeR) io%tso %%—ﬁi%iag’%et#e%%ﬁ%gﬁhﬁﬁnéﬁ}%nBP%t%w’of the
liposome lipid is7asgesteh P haveracsever Skl AN refoiGatidienilthienlipO8bnie doedchtirtudation time
(see, e.g., U.S. Pat. 56), we have surprisingly discovered that, liposo of the present
invention are oo1G B A e B e o oty
extended the circudation |6ngevitly fbe lemsmitranmvanfoldinftee subdmeddiriomoohargelmbdisating
(titratable) lipids, cap, b uspe iahalRdslivenahlpesame snransiiatedagtlies 1 supsefic or nuclear

targets via facilitating some classes of entities escaping the confines of endosomal pathway. [0101]In

one embodime A THBLPESHIHESST tBSpFEsR it RNFERTSH The kigeRatie StclTEciaide s/ Hin BRMSEhic
polymer. The legithin E&eﬁ{&qupé i thelinesermesef thepraseinvrRniivstasd e oatmpbiaaithin, a
hydrogenated natural lecithin, a synthetic lecithin, I,2-distearoyl-lecithin, dipalmitoyl lecithin, dimyristoyl
lecithin, dioleolyPTetFIR S ARG P LolORTTE Y, BP1BUHhRABYAB SRS Rdth# Hireas the
amphipathic polymaticarfbbas pakyethyienenglychldipisbeativatve agugapolipetbylane glyaot
phosphatidylethanolamine (%)olyethylletn IC}/co -diag;g}lglgee& [, or 3(9 ol qth Iene]gg/col-ceramide
derivative, where thé 5‘(%?;}(% %rﬁ/lélﬁlg gr1y?:o% r%lr Ton sameoﬁe%uf‘asrn\}\}e?gﬁ’t rSm al6ut 250 to about
20,000, most canysvdhhe frbmealbbet G500 taabout & 800bdntend themembodindentlthie dacithin and
cholesterol ratiq in liposornes of r invention, i ; - In r
embociment (1 en AR et o L ook oY e oot merst e S e
liposomes of theasrdsant imdatiensdr iyt amothettembbdinieftPendeambunkamale.am piipathic polymer

is between 0.1 maledpand-bmela%ef it ljpesemefouning Jinidiinthe lRRsemes of the present
invention. Preferably, the amphipathic polymer is a neutral polymer, i.e. possesses under the drug

loading conditio e net ionic charge of zero, for example, PEGdiacylglycerol, PEG-dialkylglycerol,
or PEG-cerami(@."{E lvas ﬁ§5§g§£%§I§u% S ‘Hﬁ’gﬂﬁc ﬁg?gﬁaﬁéggx&;ﬁ%ﬁrﬁa‘kf‘r%ﬁfi’ééthic lipids
up to PEG-lipid(cantemni gfaabotitis. ipoaliesafitdtaplipichafford:high leflictencyoddgposomédoading of, e.g.,
vinca alkaloids, such as vinorelbine, while in the case of anionically charged PEG-DSPE the loading
efficiency noticeably declined at the PEG-lipid content of 1.6 mei.% or more (Example 72). 101021In
still another embodiment, the liposomes of the present invention contain a camptothecin derivative,
e.g., a camptothecin prodru2 such as irinotecan and is comprised of lecithin and cholesterol, e.g., at a

ratio of about 3:2 by mole, and an amphipathic polymer, e.g., at an amount of at least 0.1 mole % or
lace than 104 nf the linoeomeformina linid 1010211 inneomec nf the nrecant invventionn can be made hyv



or will become known in the art. See, for example, G. Gregoriadis (editor), Liposome Technolou, vol.
1-3, 1st edition, 1983; 2nd edition, 1993, CRC Press, Boca Raton, 171.... Examples of methods
suitable for making liposorne composition of the present invention include extrusion, reverse phase
evaporation, sonication, solvent (e.g., ethanol) injecfion, rnicrofluidization, detergent dialysis, ether
injection, and dehythation/rehydration. The size of liposomes can be controlled by controlling the pore
size of membranes used for low pressure extrusions or the pressure and number of passes utilized in
microfluidisatio y pther suitable methods. In gne.embadi t esired lipids are first
hydrated by thi%ﬁfﬂ%ﬁ%‘f‘%ﬁ%@ﬂgﬁo i%ﬁéé?ﬁ%%néﬁlmscgg]s@gﬁ&nﬁ% g‘ﬁ%!d Of/m e‘%ﬁ}?{g{, through
membranes of Befefinstrpunslsigéhahiposenasnionlyends prear0be8eermphided pmang3uiGbB41Liposome
compositions capiginiag e SRsUIEs AmEARIUT andios:PolanienaLibe RraRERLIRyegon inside
the liposornes can be made by any suitable methdds, e.g., formation of liposomes in the presence of
the substituted B HSEHGRCEHEETIBBK sHbT6¢ tHe pleainn rigewiidhow. 6-in the form of salt. The
substituted ammonium and/or polyanion outside of the liposornes can be removed or diluted either
following liposoiiy Tormatienrompedonecibadinghoe efithappisg adesited, énpityviAdter natiyeliiibiposome
composition containing he substited, ammonium, andior, polvaqion of the resent inventign can be
made via ion exchgnge metho dlr%ctﬁ/ orVia an intermediate free Acid step %avmg a graé%nt of
substituted ammoahiercofthelpngsenwitventiothae ope sapstiteiecharpei @niups seitlohpodyamionized
sugar or polyol, ShghJipasomes eap-he-nsulalized sing heemine ardt saltwith a,yolagile acid, e.g.
carbonate. The resulting liposome solution can be used directly or alternatively the’salt contained
therein can be FerseVERE iPdBier o0& the ysevbbaeation @rdendtaliansirfoRoedenyaiosetution in an

aqueous mediugyA9kR6ARIE e M AR JipRsame sampasiigarmlinePFesRNtdnyention has a

transmembrane concentration gradient of the substituted ammonium and/or polyamon, e.g., the
concentration JtAHaNeHEH R a B s RRo NS BERRIcIE Lait S e TRIESBANRIS higher,
usually at leastsPfdimeschigheicthamthe coneeniratioaxaihes sfRstited /aMMmanikamag dq
polyanion in the medigm outsigle the Iitp som}e. 1010 ]}Il'rel one etmbodiment,' the concentration of the
substituted amMSHGR ARUFS RS 0N SRR HEEE thé fTbEsme LAl RS Y fRI&L higher than the
concentration afdlyensylthstittigec anmanicarbamddoinpodyaitibackadini, thel mediaihtoefsidertie liposome
and i at least gt gonsenlialonof Aoyt IOmM. S9mMy DAY 021 QM. 0,61, oM. or 1.0M,
wherein molarity is Calcutatet based on the Substitited ammoniain. In anather embo iment, the
concentration ofd#rewutsstitiotedrhrrsmiten amblomgelyianisrbagibimside rhilisosommatigatdeast 100
times higher thapyfhe;€QcRAIANAR LA e upsTibied Bmmonies ARdiar pelvaoien salkin the medium

outside the Liposome and is at a concentration of about 0.65M or about 1.0M. L0O1071In addition, the 1

posome compo&iienatirdsresektinteion RGNy Frdea EP B IR RIS BOINIPSEIE with or
helpful for maingaipingdhiestabivigofl audesirss artilytsing.thailoading nrasess. WRAGEWIth the high
loading efficiency, e.g., above 90% 32 entrapment. For example, pH in the range of 4-7, or pH
£.5-6.5, s profehtBi i pEi LT LRI (5B rakehe RV SR T i Bt
compound, e.gpdgpaacanpoliindtesdaeds st pdcopipished abihe @heaetiteaoldier medium in the
range between ahout 4,0,80d aliout £.0, more preferabl betugen Abot pit, 60 and pH 6.5, Loading
of a vinca deriva i\>/'e, e.g., vm’(PrlsE/ine, vinorelbine, BY Vinblasting s bdst E/accomplished at pH about
5.0-7.0, more ppefmdfﬁb}nmcplﬂ@ﬂdm@@csMQQUS&A@W@M@M@@MrﬂdW@M@ngliaxdegided entity
can be loaded or eqtrapped infe e HRosomes ivncrhatngihg dasied ety wibihe hiposomes of
the present invention in an aqueous medium at a suitable temperature, e.g., a temperature above the
component lipid& phasbieramssibi teptivsratoreldaping agramdehiropeinkytés Gardblselbw the phase
transition temperafife.aftanlaasingdie antith. ithe incybatiandimens Heyalimhassa.ondhg dature of

the component lipids, the entity to be loaded into the liposomes, and the incubation temperature.
Typically, the iRUBAGBA HHISSOIBRAMAAES to several 'hours are sufficient. Because high
entrapment efficiencies of more than 115%, typically more than 90%, are achieved, there is usually no
need to removd @¥8htrappacbntitycibtirarenid slicted, nieeph  havwever; theyanenirappetblentity can be
removed from t mposifi Y Yalious n h mple, size. [ romatography,
ultratiltration, a §ofﬁr}%%%or %[r}ée%ipﬁxt_g)t(%o%b. I?v%gg f&%ﬁ%ﬁ(ﬁ@iﬁg& o?jrlr?g i%@@é%gaﬁ?r%aﬂhe low ionic
strength during&rranadubadion ogaheaiprasbadasr ygartianbarn teedaptothesin dekivhtvesr a vinca
alkaloid derivatiyg,yyith;the iRasanas ohthe,BIesrRb IR etm fplowad &y 1B InGraas e n fonic

strength at the end of the incubation, results in higher loading efficiency, better removal of
unentrapped drefibhet Bty lipeyshiecdtadinty 4 '-n%ftléi@‘@r%@&ﬁ&imF%‘FeBﬂﬁﬁ)ﬁé wRIGHEGDN is
conducted, e.g., in an aqueous solution, at the ionic strength of less than that equivalent to 50 nth/
NaCl, or more preferably, less than that equivalent to 30 ml\/1 NaCl. Following the incubation, a
concentrated salt, e.g., NaCl, solution may be added to raise the ionic strength to higher than that of
50 rnM NaC1, or more preferably, higher than that of 100 inM NaCl. Without being bound by a theory,

we hypothesize that the increase of ionic strength aids dissociation of the entity from the liposome
maemhrane leavina cirithetantiallyvy all eantitns encanciilated within the linnenrnal interior ecnace



33 concentration of entrapped substituted ammonium and/or polyanion, e.g., salt, the physicochemical
properties of the entrapped entity and the type of counter-ion (anion), e.g., polyanion used. Because of
high loading efficiencies achieved in the compositions and/or by the methods of the present invention,
the entity-to-lipid ratio for the entity entrapped in thgliposornes is over 80%, over 90%, and typically
more than 95% of the entity-to-lipid ratio calculated on the basis of the amount of the entity and the
liposome lipid taken into the loading process (the "input"” ratio). Indeed, practically 100% (quantitative)

encapsulation is cammon. The entify-to lipid ratio.in the liposomes can he characterjzed in terms of
weight ratio (Wévi%m%ré%”&ulﬁtt ot ?ﬁté%entﬁt@tr é%\’vé?ﬁﬂ’t(gp?%?é ﬂaﬁ)ieho%aen%ﬁg%%’eﬁ?’&%)c% Bﬁolar ratio
(moles of the entity Prerapéaghp allymotdithmitrefethériposomeedipidho@nerunit of thideeatiytyoslipid ratio
can be converted to other uni .a youtine calculation, a ifi The wejght ratio of an
entity in the lip &r%éfs’,% 1ttéjlllé p esé%)t{’ ié\%ﬁﬁr&?ﬁ}ﬂ ??/ﬁ?%:%ﬁ?f%ﬁ%ggggggr%%éq\%ﬁﬁbléa%%&%&gor at least
0.65 mg of the legitigl.peiliiel .ot upithl anéinesisf ol aatisnalhe contity st sid- Fatisdde érelinlicto the
present inventipn s af least from aRerd R 02.p) épﬁwL@dd%{%@F@&yﬁ}l%}f{%&p@ﬂp@%&eﬂ”d more
Ip

preferably, from about 0.15 to about 1.5 moles of the drug per mole of the liposome lipid. In one
embodiment, tREEAIABLH B Fatid 2k Y 2o 2k r aneABT BARTBIREEIAl IR RFVES is at least 0.1,

e.g., 0.1 mole ebsampiathecinteiyative:per nguRaleRfdinaseme dinidi:ansd paeferably at least 0.2. In
another embodiment, the entity-tolipid ratio, e.g., drug load is at least about 300 mg entity (e.g., vinca

alkaloid or a dePRARRETHEIES) BeI G oF ITOABITRRSSRHIG R RIS AHO e EUMISOtHTERE, the
entity-to-lipid ratie, &@.¢x cutbgreashis dileast afiidniaeng entity (egreampiethasin, degamative or
camprotheein Q{]odru?e) er mg of i osome-for[‘ning IipiddASurRringgI)(, tpe inventitor}afford?d stable
and close to qua%ﬁfg Ve 5?6’8%0%13 reenlglgﬁgﬁq‘é%gﬁ ora %alrsr?ﬁ othecin ééril\?aﬁ?/’ésﬁrlﬁ)g,og?g?,r irinotecan, at
the drug-to-lipichraieaotiovele 0:8tsmmach bh thegdtitytipee Lgsefdipesaimedipitioavidre:. B mmol of entity per
| g of liposome lipj Y i 7 | entity ipo ipid. Example 74).
[0110]IT the Iip%)ggg%ﬁlg %%Tr%'p%r%e%%%%s%#oﬁﬁgﬁr?s&g})ﬁr\ge%rﬁi%%gt %ge é?(%{ﬁe(%é t%%ﬁﬁ%’/ content in the
units of weight(rrassydmslaicsptae sitihapalyraiardenitorthelistssrmeaprrsspfolisiese.g., mg drug /
mmol of phosphglipid HawrveinBRerseh skilleddn tp artaweuldsappieaisteifaidhe depg content can

be equivalently expressed in a manner independent of the presence of phospholipids in a liposome,
and furthermorB<tosh BN A2 v IRA KR e dad i R <SP PHBIACAmBLT ROty Biflig per unit

émass or Imr(])|aﬁ}fl}@ﬁ‘rmﬂé%ﬂ?@m&iﬁpi@rﬁﬂﬂgeiﬂﬁrf%q&@@&%}@ﬂﬁn@ Hﬁ@ﬁ%}@@mﬁw@mﬁﬁw@lﬂl r()artls of |
istearoylphos Jicholine (DSPC, molecular weight 790), 2 molar parts of cholesterol (molecular
weight 367, Ao O HIOH BT O GG Sy P aNage ooTe non reducing
distearoylphosphatidylethahdlashis difaEGe SR Eutheleculasavei ght 2750 prapc: torddiviagoasdrug
doxorubicin (melsouer weidht 243,51 of the druqliid raia ot 190 meirmol ghospholipid,the same
drug content can Be équivalently expressed in terms o?mg a}ug mg otaf“llpld as follows: (a) Calculate
the molar amounts of liposome lipid components normalized to the molar unit of liposome
phosphoiipids (3$PE arfti PEENBSRE RP IS SEMBIE)ARP ARG TR G S component
by the total of the melaisuastitiespafiaripesaree phespbalipits :RSRCAA(SHRA3m) ). 99502
Cholesterol 2/(3+0.015) = 0*66.333 P -H)SPE 0.0151(3+0.015) - 0.00498 gg) Calculate the mass
amount of total IIB5sBREBIATE &&%ﬁﬁ@%%ﬁﬁi%%é%&?%%ﬁ pSSEtHR YRBBHOME and the
components meleeitiailsvgightsanionid gtalfipichkabiimraol phaspholipitd onid. PR XY@+, 0.66335x387
+ 0.00498x2750 = 1056.48 (c) Calculate the mass amoynt of dru r. mass.unit of total lipid by
diiding the cr) LAY SN R A e R RS iR s
obtained in stepl{p!Doxerabicit, snijimgcotildipidrdBOAOIEAB fOréd 198 a(daSalsalat®iie molar
amount of the ' -Of & ini ividi e i j the drug
olecular WG () st e o e O e A 51000 = 0.261.
(e) Calculate th&¥maerarzsdinshphesphsnpidy tlheslippEome lipfariattixe P RospHoligid mistar part -=
(total moles of phasRRANRIAFY (91alEeles ANk Qfg‘@@&iﬁﬁff&%@ﬂé’f@,}“@@@16s9,-6012-

(OCalculate the molar ratio of doxorubicin to total lipi ]
preferably of 2 or less. Polyanionization of a polyol or a sugar can be achieved by a

variety of chemical processes well known in the art. For example, reaction of polyols
and/or sugars with sulfur trioxide or chlorosulfonic acid in pyridine or 2-picoline results

in some or all hydroxyl groups esterified with sulfuric acid residues (sulfated), providing




35 [01111Doxorubicin, mol/mol of total lipid = (Phospholipid molar part)x(Doxorubicin, g/mole
phospholipid)/(Doxorubicin molecular weight) 0.6012x150/543.5 0.166 101121Thus, the relationship
between drug-to-lipid and drug-to-phospholipid ratio expressed in various units is readily established.
As used herein, a "lipid" includes, without limitation, any membrane-forming components of the
liposome membrane, such as, for example, polymers and/or detergents. 101131The liposome
entrapped substituted ammonium and/or polyanion salt solution of the present invention usually has an

osmotic strength-(PsmAlaiitynich heles ie keep the,iResemesstabieagainst:osreatic.damage

(swelling and/or burst) without sacrificing the loading capacity of the liposomes. In one embodiment,

the osmolaiity SHHREHPBESRECHIAIEsIHLRCYE e BreseHtcHvE RfE ISP tRRCFaRfgRFBIrEAI11.5 molikg
or, preferably, @ad tackidonolika e REsDE JefaunthiatiResones:0biing preseptdnyention are
stable against adverse effect of high intraiiposginal osmotic strength on the drug loading.
tralposornal BLMONAES B A4 B Gh R ke e IR TR 1 1 Hically
quantitative logdingnot afdrasg cipadethesthirargtidabmeplinyin«f sibichkiometraesexchange of
intraliposomal substituted a niym ions for molecules of the drug (in the case of.irinotecan, one
g molecute hy A B o e B R P e b ocoma
aqueous mediwl Ghinisghties, codheabatinl ok thehdsrbaan ilied ipodoniesl e ftloseotn.the N
physiological value:of gboi Qs> mallke(Examls, Tk, WAL 4NN dsneal e dBRamE: amposition o

the present invention Is quite stable during storage, e.g., as measured by the percentage of entrapped

entity released tBeitBIGECH HStipo S6hiEss apastilt- thaintainethingide obthenfigdSoRfes et s Certain time

period from thejpitiakleasing,ofthe ratity ipside dhe linasarmes ot dae prasenkinyention. For example,
the liposome composition of the present invention is stable at 4C for at least 6 months, e.g_, less than

10% of entrap &8/ jedrBrtuEEtos abHtrerarrn e iSRG H tHESSRRIBT MY éRbodiment,
the liposorne capasiiioneithenieseasinvanton:is siahirabiGeloniallensti2 yeaishag foless than
20% of entrapped e%tity ij released 2 years %ﬁgr t?%épitial Io%d‘lnggof thle entit}%.i 36 liposornal
antitumor drug AdRM st EH P ISSHER A Rumor TR iBES oL ST HHE SRSERH INVENth showed
surprising stabiititagainsttha irel easep(ibakage)ed pikighgdtraped! entiyoundehdninvgvdsoonditions, e.g. in
the blood of a mam %I..;m%ex osure t@me ne%ded f(())g %9100 release of tt{l%g?érgggggﬁgwgy, e.g. drug,

. 188 101 St€ S as, € MOnOesiers (S
from the liposomes afrelease {lmerﬁ in the Blood ot & rat in VIvo was mo n ours. In

particular, lipostenés poadanuiith/ vive & talkatsld\nugshely., viniBigdlinExeinpidstinesiard vinorelbine,
showed remarkable. stabilituagainst drusisakans, i Koo W ilhhaltieleasafime ofiat lgast 24 hours, or

the athount of entity remaining encarsulated after 24 hours in the blood in vivo at least about 50% of

the pre-adminidhafier s/l et ypid 18P tre Hain e RAK NGO EP BB HtETe POtk RFABIRIH Bf

encapsulated estity, respaipingancanswiatedl afierd hadesiestheddoantin Mva @tleast about 60%, was
observed; and even the half-release time over 46 hours, or the amount of encapsulated entity after 24
ours in the bIGSPRTDG S IEHSFIBGY 700 6 e BT ARG Ao 4Tt Rad EURRGM. Sometimes
the half-releasetimd torsafmedaapsivatad o ug lndh e bleddrin yvivolwascalen@3:houiscandliewen over
120 hours. Thesﬂﬁaslgrggséo%Qeg( V\I/]itrfecait toth glp d r'vative% f1sugrrr11 as mtlx‘)_‘%?&e an ; doi{inotecan, also
showed exceptional in vVivo Stab |fyp|n’tﬁ'e 00 ,‘Wif @@5)3 of the origina Pﬁg%ag’remaining
encapsulated aftefe2abhourd. Rebsétkalynihe, kppsomesofidse péEsett invdntiongdvsiledraving such
low in vivo drug,ralease. ratein.the blopd cireulation. shawed substantial nyiveAsitimor activity
exceeding that of the free drug (i.e administered as a solution). 101. 16]The liposomes of the present
invention providedrandgpeeretrcotibinalicmionthaealighethséntsd onmesptmap periniserabeutic agent
and low toxicity\R genelhe Aetyitys0diathempeniic enifyripesainally snsansulated gegording to
the present invention, e.g., the anti-neoplastic activity of a eamptothecin derivative in a mammal, is at

least equal to, &0IEUPRSHRLLCHRYRET Coft Bt LU FRRERGHBIASH BRlelBvity -8f the therapeutic
entity if it is adrpinistered shhensamalarattvia fiRieuwiAeMmon; iposemelopnuwatiache:ge, without
using the liposome composition of the present invention, while the toxicity of the liposomally
encapsulated eptity,doe 1 least twi hree times, or at | r times lower
than that of the@rg%)g thzfrgép))%u %ﬁé%%i?f férﬁ%%?gr\%%%ﬂg éégﬁs%lﬁeéﬁ%ggl éaﬁégsdc%él I§e¥ é%ﬂ:cﬁa}g{: free,
non-encapsulats®-f8ree: Pofaxargieydbisiyesrst aigukpowmtiiat Bpasonrabens@psalatithioRanti-cancer

camptothecin dgpiyativasiP¥1he: prblished /Retheds of albsr srirsplis e dacieaser dpxicity (lower

polyol of the present invention preferably has at least 75% of available hydroxyl groups



37 maximum tolerated dose, lower 50% lethality dose) compared to uneneapsulated drug. See U.S.
Pat. 6,355,268; U.S. Pat. 6,465,008; Colbern, et al. Clinical Cancer Res. 1998 v. 4, p. 3077-3082,;
Tardi, et al. Cancer Res., 2000, v.60, p.3389-3393; Emerson, et al. Clinical Cancer Res. 2000, v. 6,
p.2903-2912. Liposomally encapsulated camptotheggin pro-drugs, such as irinotecan (CPT-11), which
is a water-soluble, cationic camptothecin pro-drug derivative, have substantially higher, e.g. at least 4
times, and even 10 times, higher antitumor activity assessed in an in vivo tumor model than the drug in
the absence of a liposomal formulation, e.g., in a free (solution) form. This is even more remarkable
since a therapaﬂmaa@ﬁiﬁ%ﬁ&?&]@?&@gﬁf?&ﬂath%%rﬁoé@ca}%}ﬁ?3@&5?& ERRRAIRRA T e g., by
the action of endagrnops NeM-sRAGHICasIkAXYIRstesaRS JIHiaseoding e Rresemntiavention is
encapsulated 3ub t%ntiallg with;:q?}he it teriQr space ftgﬁiligoz,ocrine On é?e otherthantd, sugarisingly,
the toxicity of ca%%f B LCTRTPE Ry R R datie e eha iy SRS Fdrasiat (er NI NARES Fatio over
(.1, e.g., 0.2-Oi6satenierep@ccardmghtostteopreserthitedention, nasioven2dimes; eerndtimes, and even
over 4 times lower that.than of the free (une sulated) pro-drug CPT-l |, Mereqver, a prolonged
drug release frglﬁﬁr%ﬁgeglﬁﬁgyl FE%?)%SF% ézirel'%atf)e\r/\?a@egl %‘?g‘%}é‘a r (\%/Iv&lt e?ﬁ-gsréltt %%%%gg‘,g%ﬁﬁig%n more
than 70% (79-86%) of the original drug content still remaining in the Liposomes 24 hours after
administration i the blot@sHadrt, ARa FeRtAERERadee fisrssa R TR seu Srzaiiph i dg/breally in

excess of 48 hgursohlhe Rrphenged terangeer: ot e dugdadhaiipaserne dasyiMawas assasiated with
higher antitumor effect, SurPrisingly, tgse %Ioll_vest in vivo CPT-11 (Jlelease and the highest antitumor
activity was obSEART I ARIPARSSIRTEL LBRLRPRRG FOW h eSS pORFRTSHiRRY LyEF s v ative
(sucrose octasuliate) aathesdbasea polyaeiisuanid popehypliosphate) dExamplelddye 1O 4rdAtcording
to another embgdimetntf%f the res%%ien(\:/a?gt(i)?nbfhgggg%orlqe tﬁg@rﬂo?&% nogg rgpoe Riesent invention can
be provided as énb)ngPnagé% ?ca%bmposflon ontaining the | posor%e composﬁllbn of the present
invention and apeawigsge ppharmaicetticatifhacamptabldcmtriepobramples of plractacétitically
acceptable carrj 0 ine,. | ' , IsQtonj Ingexr lon,.and Hanks
colton. A bUlTey L e e 8 e 0 o Esample. pi
between about®.thantwbbivErsiomole Prefarapy st ardvrBonijedsamar fenl Hebisabike) of Liposome

membrane lipidg;:pRgsPMgesiasracsallent istantionohthg Ruappssyaniliesdistidibepolyol
hydroxyethylpiperazine-ethylsulfonate (HEPES), 38 morpholipo-ethylsulfonate (NIES), succinate,

tartrate, and CiftsteNypRANY & 9108 ARIGPEDNCEERETINC 4RY e Mipasr Biffe FISUIREREES. Other
suitable carriers include, e.g., water, buffered aqueous solution, 0.4% NaCl, 0.3% glycine, and the like.
Protein, carbohi#dke, otjpalyimstic stabitizetsiiig tomicityed djostehs tprsdrecadded, segogelatin,
albumin, dextran, grpelyinylnvirdlidone: e ooidh o e, compasiien £anbg adiisied.o the
physiological level of 0.25-0.35 mol/kg'with glucose ora more inert compound such as lactose,
sucrose, mannitokredeatityamne s EHrEpoRineHS hialh secste Mived yicopertignar well known

sterilization teCBQiM&u%&orQ}’ diliratign. Jheuresultingspaeus seltiens ey, hecrackaged for use or
filtered under aseptic conditions angﬁgophilized, the ch,:ﬁp?iliz.ed preparation being combined with a

sterile aqueousTFHEHTEH? pPRIYABIRIAGH RIRATIBHP U R T &3pRKETHSEEERIRAP ARBREIHEESpBsitions can
also contain othee phavdpacealitigrlly-aecamtpbie adxitany subsiancesRssaaueddpappioximate
physiological conditions, such as pH adjusfing bufferin nts icity adjustin ents and the
like, for exampl&vSBUNHH 38@?’3?«5‘@1&&%?%&?&@3/9 é%léé%’l %%1%%%&0 %@%%%%%Oéﬁlgﬁgé‘? alcium
chloride, etc. Additienadlyipthertiposomevsthspensiarpadaytinglude lipid-protective agents which protect
lipids against free-radical and lipidperoxidative damages on storage. L,ipophilic free-radical quenchers,
such as alphatqggptierohand walerseipe HOnSREEHISAR RIS s ¢ BS G aXanInG, aFe suitable.
101191The concentration of the iiposomes of the present invention in the fluid phaiiiiaceutical
formulations caff VaR{FwRIEIans OfibmmsssnHareabioncro oy FRINBr agledshabii 2(£0% to as
much as 30 to 58w d\ weigbtpndindlk beiseleatedpsiranty Dy:fitd Malumesyadseosities, etc., in
accordance with the particular mode of administration selectecg.ﬁ For example, th concgntration may
be increased toPRIWEY TRETHLTHABAL RLSELISRBASHIH THRHHAER RS HE FAHIR RN EEBHHBIE in patients
having atherosclerasis:assbtiatad aongesiventteditiaitutie: dipsevaracbypesiensioithAlierzatively,
iposome pharmacetical composiions comppsed ot itaing oids may.badiuted to jow
concentrations 10 fesSen milammation &t the site of administration; 101201 The anmount of liposome
pharmaceuticalcoonepusitiongsinirister et iliddep endanrp ecrdbetpaltiostard hermpeutic Bntity entrapped
olle he InesaminUn36asE SIBbSIARGAIGLIDR R plgenman BrlIgARed, a0 the
judgment of the clinician. 39 Generally the amount of liposome pharmaceutical composition
administered will be sufficient to deliver a therapeutically effective dose of the particular therapeutic
entity.



[0121)Inc quantity of Liposome pharmaceutical composition necessary to deliver a therapeutically
effective, dose can be determined by routine in vitro and in vivo methods, common in the art of drug
testing. See, for example, D.B.Budman, A.H.Calvert, E.K.Rowinsky (editors). Handbook of Anticancer
Drug Development, LWW, 2003. Therapeutically effgctive dosages for various therapeutic entities are
well known to those of skill in the art; and according to the present invention a therapeutic entity
delivered via the pharmaceutical Liposome composition of the present invention provides at least the

same, or 2-foldy grfalchsarllr intchbiaher Aoty A hercidine biadagibyadeninstesng the same

amount of the therapeutic entity in its routine non-liposome formulation. }'&%ica ly the dosages for the

Liposome phafiReaiRed S5Hpo s oraes Bra ARG IO H YAR R SERVERH bR 8485 and about
500 mg of the theirrpkeitiproiitys petikilog Y of oty Meaigliipmoshafténg betigeoméaoidt 0.1 and about
100 mg therapeutic entity/kq, of b weight. 101221 Typically, the liposome rmaceutical
composition of%rémpl)f%g%%% ﬁ\%ﬁ ?Pnr%r lﬁréaéé’ ed'asd opeié% (?rS %H(}%Ié%c?%%?@ﬁ%na%% %uid solution
or sugpension.elgoWéuéopsmmhm&gsumw@imbmim@@mpmwmwiquidﬁa}ehﬁ;les prior to
njection can alaR AR ERRIBd. L5, BMAGAIION. A AP Relel iviaiRi MR ANROIRIGRaed tablet or
gel capsule according to known methods in the art. 101231The liposome composition of the present
invention can beithdminknetediivrang. way whichiizrstiedly aceebanaiadichemaladeperd on the
condition or injyry, being tratedh; Epssible admisishation soulrsdna MAeIRIGEHONT. Dy parateral routes

such as intramuscular, subcutaneous, intravenous, intraarterial, intraperitoneal, intraarticular,
intraepidural, iNd8MBERLTPETNERES sedienay oral, HadantopRtHa Rk IFaLRRfcOA/igEd ical, or

pulmonary, e.gantJRialation:brnthasielivery o lipesemall:duas forunaiad acsaeding, to the
invention, to tumors of the central nervous systeg%], H%“ilow sustained i%racr%nial infusion of the

liposomes direSHYHIBhEMNBH R ERIRIE SR A AENORH G BB DS AP advantage.
See Saito, et atoigatiiey Ressasah Gl .6shd) s@872; 2602 04t dviamyoteetaat, ol (Newfiedncology, vol.
66, p. 1-9, 2004, The compesions may.alea e dieelhe applied. (o lissue, surfpces, Sustained
release, pH ,16“33préln81én release, or oter spéc ¢ chemical or environmental condition mediated
release administrasioneis also specifically included in the invention, e.g., by such means as depot
injections, or erodible implants. EXAMPLES 101 24JThe following examples are intended to illustrate

but not to limit {hggmyventieroiiapyYyanieknshape-obfarapeithe i dliciiuer implieidy. While they are
typical of those that might be used; other procedures, methodologies, or techniques known to those

skilled in the artHTRY SHtEHOAIVCR BELERAT ERANIL B 2P HIEPFATOR-OHIRE SBRIBHE P8 stituted
ammoniutn salisi3fiods T tialkydammordiuinrend distlkylaniroobicloetiulfate tsokutipnsrasedutfor loading
drugs (e.g.; doxorubicin).into liposomes were prepared by diluting, sulfuric acid with water to a
concentration of éjggcﬁgéen%]&ﬁ%n t?trrgﬁ%ré}[ﬁ?étgﬁlﬁﬁ[ 58?ga§%%f%r%1\e/\tiliﬁo(s)%rgeo(fogl \I/)gl?llgtOyngfft §ln%ines. The
substituted amirrescoseddnithisexberplecwprativiethylamindydrinregtsylamimeodihdiinylavine,

diethylamine, oy diefhanajaming, Afler e, Addifinn Qhihsamines; the sesuliing selyi @ uag diluted to

a final concentration of 0.2 M of the substituted ammonium salt. Osmolality was determined using a
dew point osméthetgs TRl prissartes vh redhfifg sgbstitated aIRsraRIRTORTEEH S (iYHS setisalutions are

shown in the Tahle ik Helowestahifuhi REeBaTIRS:Alaraus disldammanignand isialkylampon um
sulfate solutions SaltOsmolality, mmol/kg,pH Dimethylammonium sulfate4725.65 o

an entity contained in or loadable to the lipdsome composition of the present invention is

a weakly basic and membrane-permeable (iipophiiié} entity, e.g., an amine-containing or

nitrogen base entity.

[0085]  In one embodiment, the entity contained in the liposome composition of the

present invention is a therapeutic agent.

[0086] In another embodiment, the entity contained in the liposome composition is an
anticancer entity. A partial listing of some of the commonly known commercially

approved (or in active development) antineoplastic agents by classification is as follows.



Dimethylethanolammonium sulfate5095.72 Diethylammonium sulfate5195.85 Trirnethylammonium
sulfate4975.81 Triethylammonium sulfate5595.33 EXAMPLE 2. Preparation of liposomes with
entrapped dialkylammonium and trialkytammonium salts, and loading of a substance into these
liposomes. 101261Distearoylphosphatidylcholine (BSPC), cholesterol (Chol), and N-(methoxy-
poly(ethylene glycol)-oxycarbonyl)-distearoylphosphatidylethanolamine (PEG-DSPE) 41 (prepared
from poly(ethylerie glycol) with mot. weight 2,000) were co-dissolved in chloroform in a molar ratio of
3:2:0.015, and the chloroform was removed at 55-60 C by rotary evaporation. The dried lipid film was
then hydrated K8 blutiorusterEite sdhseralRyrostiTamgiagsmoRidn Wardeystetin Example 1 at

60 C for 30 mne:Jhg:Hipidisgpensiamwas extuded cnderMassprathiauol e siacked
polycarbonate track-etched membrane filters with the pore size of 0.1 1,un (Corning Nuclepore). The

liposome size HEEHITHEINSY GlSENAALRE HgHE SRRy 4Bt e UPPro R 2$0-120 nm.
linencapsulatech tHiilydarar i e-o-Satkylasp ik Ui salisiwe ra remopece fraim shamtfernal medium
of the liposomes, by .gel filtratjon, using a cross-i dextran gel (Sephadex G-75, Amersham
Pharmacia Bioé%f%%%%;%ﬁ %o?ﬂar%lﬁeeigﬁgﬁ’%m’;’ %3%?8 ns%ill%n%%rﬁf‘}l/\fﬁ%lﬁﬁsé’nd the liposornes
were collected Ghsalvoid-ValmietfnaClioh g tine TotaphninDRxo rubicinAtidy 6ohiapidenUSIPO(1§ophilized
powder containj veight parts of lactose per.1 partof doxorubicin) was added to.the liposomes at a
concentration ?P%%%Yg% g%b%gfn%ﬁ%gﬁ%orsagﬁﬁgdﬁ%oessp%g fﬁ?a‘)%ﬁ%“e’ %)‘%?L?%%vl\;fg%dh %Tcg at 55 C for 45
min, chilled on iéerfbrciio Mirxandonnchicapdobaidtd dripwaisresiiovédibgogarfiftamiintbheowratography
using a Sephadp s, SUMRAAMILLERRSRUaRhsae, Bl Fingpresence of free

doxorubicin (characterized by the appearance of a slower moving red colored band) was visually

undetectable. THepetodstompieiRcBadtAIiFbSemeste Araly#ed T phe/sphbinsiazanet
doxorubicin acesthiao Exampiea Ao, Hh(spesipphrigmericinatied), rasprotely- The

resulting drug loading efficiencies are shown in Table 2. Table 2. Loading of doxorubicin in liposomes
with entrapped SORITOHEPTH BFSIRY 2 AR BaAIAFRFASIR ] e FigdtedRIgPRo S ol vAkE-150
pgiumol. Liposamerasitappethsatz:Dmgiphegaholipicisatoknirapine mihadipesqmeasafpg/prnol)Efficiency
(%) Trimethylarpmon_'um ﬁfulf teé40.bﬁ §0.3593.8t5.7 Tﬂg&%[am%nqntiu R%Ié‘%ge163.81 dt 16.41109.2
11.6 Diethylamrr{bor)ﬁh?nn%u 218158 76" 18 3910575 7 8'Dire (fflet Shofammonium sulfate155.08
8.51103.4 11.6Aminoglutethimide, Testolactone and others; Enzymes, Proteins and Antibodies--

Asparaginase, Interleukins, Interferons, Leuprolide, Pegaspargase, and others; Vinca
Alkaloids--Vincristine, Vinblastine, Vinorelbine, Vindesine; Taxanes--Paclitaxel,

Docetaxel.

[0088]  Mechanism-Based Classes: Antihormonals--See classification for Hormones
and Hormonal Analogues, Anastrozole; Antifolates--Methotrexate, Aminopterin,
Trimetrexate, Trimethoprim, Pyritrexim, Pyrimethamine, Edatrexate, MDAM,;
Antimicrotubule Agents--Taxanes and Vinca Alkaloids; Alkylating Agents (Classical and
Non-Classical)--Nitrogen Mustards (Mechlorethamine, Chlorambucil, Melphalan, Uracil
Mustard), Oxazaphosphorines (Ifosfamide, Cyclophosphamide, Perfosfamide,
Trophosphamide), Alkylsulfonates (Busulfan), Nitrosoureas (Carmustine, Lomustine,
Streptozocin), Thiotepa, Dacarbazine and others; Antimetabolites--Purines, pyrimidines
and nucleosides, listed above; Antibiotics--Anthracyclines/Anthracenediones, Bleomycin,
Dactinomycin, Mitomycin, Plicamycin, Pentostatin, Streptozocin; topoisomerase
Inhibitors--Camptothecins (Topo I), Epipodophyllotoxins, m-AMSA, Ellipticines (Topo
IT); Antivirals--AZT, Zalcitabine, Gemcitabine, Didanosine, and others; Miscellaneous
Cytotoxic Agents--Hydroxyurea, Mitotane, Fusion Toxins, PZA, Bryostatin, Retinoids,

Butyric Acid and derivatives, Pentosan, Fumagillin, and others.



42 EXAMPLE 3. Preparation of liposomes containing various dialkyl-, trialkyl-, and
heterocyclic-substituted ammonium sulfate salts and loading of doxortibicin into these liposomes.
101271The substituted ammonium sulfate salt solutions were prepared as in Example 1 using
commercially available alkyl-substituted, hydroxyalkyl-substituted and - heterocyclic amines.
Liposomes were foimed as in Example 1, except that instead of the lipid film hydration step, the neat
lipids were dissolved in ethanol (approximately 100 fl of ethanol for every 50 itmol of phospholipid) and
mixed with the iu stituted ammonium g@lt solution at 60-65C so that the resultinﬁ lipid dispersion

contained abotit’fg ol 4% BIERAABINE ADoK B RBHGBERT FBELINGAS KEREM BRENEY BY Relding
doxorubicin sodutiosp(2stgitttdnbRESYhicHaredsaling phh6ib)ite thatipasamdsatiainatio of 155 ug

drug/nmol Iiposorﬁe Phos holi‘pid (EP.L and he%tirPEg at 518 C for 45 min in al.hot water bath. The resulting
. vinilunine, a de1 Ocetine, né\cmltu ule’depo Wefnélg%or establ 1zm§ a%enl,
liposornes were separated from any re'sidual unencapsulate xorubicin and analyzed for drug and

lipid content asninBixanipkaabil e results aretstrommintabisl 3r 48iTallé Salandingcttxstubicin into

Iiposom_es Witi’bp@(grc%p&%g §§F‘§@l5/~mlq%?e‘?h§%ﬁ?§%%&‘§9 %m,]gg@{hxkﬁﬁrj@{%_and hetgrocyclic
ammonium salts solutions. Amine used to prepare su _stﬁ)tuted ammonium salt Osrnolatity, m mo I/kg
drug load, mg/RimelhpbspHipsidiashdng iielendpadsidiamathyleingnacag receptor-binding

agent, tyrosine kinase inhibitor, phosphatase inhibitor, cycline dependent kinase inhibitor,

enzyme inhibitor, aurora kinase inhibitor, nucleotide, polynicleotide, and

farnesyltransferase inhibitor.

[0090] In another embodiment, the entity contained in the liposome composition of the
present invention ié a therapeutic agent of anthracycline compounds or derivatives,
camptothecine compounds or derivatives, ellipticine compounds or derivatives, vinca
alkaloinds or derivatives, wortmannin, its analogs and derivatives, or pyrazolopyrimidine

compounds with the aurora kinase inhibiting properties.

[0091] In yet another embodiment, the entity contained in the liposome composition of
the present invention is an anthracycliné drug, doxorubicin, daunorubicin, mitomycin C,
epirubicin, pirarubicin, rubidomycin, carcinomycin, N-acetyladriamycin, rubidazone, 5-
imidodaunomycin, N-acetyldaunomycine, daunoryline, mitoxanthrone; a camptothecin
compound, camptothecin, 9-aminocamptothecin, 7-ethylcamptothecin, 10-
hydroxycamptothecin, 9-nitrocamptothecin, 10,1 I-methylenedioxycamptothecin, 9-
amino-10,1 I-methylenedioxycamptothecin, 9-chloro-10,11-
methylenedioxycamptothecin, irinotecan, topotecan, lurtotecan, silatecan, (7-(4-
methylpiperazinomethylene)-10,1 1 -ethylenedioxy-20(S)-camptothecin, 7-(4-
methylpiperazinomethylene}-10,1 1-methylenedioxy-20(S)-camptothecin, 7-(2-N-
isopropylamino)ethyl)-(20S)-camptothecin; an ellipticine compound, ellipticine, 6-3-
aminopropyl-ellipticine, 2-diethylaminoethyl-ellipticinium and salts thereof, datelliptium,

retelliptine.

[0092]  In yet another embodiment, the entity contained in the liposome of the present
invention is a pharmaceutical entity including, without limitaion any of the following:
antihistamine ethylenediamine derivatives (bromphenifamine, diphenhydramine); Anti-

protozoal: quinolones (iodoquinol); amidines (pentamidine); antihelmintics (pyrantel);



149.4 7.9 96.4 1 4.9 Triethylamine 559 149.6 6.9 96.5 + 4.3 Dimethylethanolamine 509 163.1 1 6.6
105.31 4.5 Dirnethylamine 472 158.6+- 7.4 102.3 4.9 Diethylamine 519 156.713.0 101.1 1 8.5
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anti-schistosomal drugs (oxaminiquine); antifungal triazole derivatives (fliconazole,
itraconazole, ketoconazole, miconazole); antimicrobial cephalosporins (cefazolin,
cefonicid, cefotaxime, ceftazimide, cefuoxime); antimicrobial beta-lactam derivatives
(aztreopam, cefimetazole, cefoxitin); antimicrobials of erythromycine group
(erythromycin, azithromycin, clarithromycin, oleandomycin}; penicillins
(benzylpenicillin, phenoxymethylpenicillin, cloxacillin, methicillin, nafcillin, oxacillin,
carbenicillin); tetracyclines; other antimicrobial antibiotics, novobiocin, spectinomycin,
vancomycin; antimycobacterial drugs: aminosalicycle acid, capreomycin, ethambutol,
isoniazid, pyrazinamide, rifabutin, rifampin, clofazime; antiviral adamantanes:
amantadine, rimantadine; quinidine derivatives: chloroquine, hydroxychloroquine,
promaquine, gionone; antimicrobial gionolones: ciprofloxacin, enoxacin, lomefloxacin,
nalidixic acid, norfloxacin, ofloxacin; sulfonamides; urinary tract antimicrobials:
methenamine, nitrofurantoin, trimetoprim; nitroimidazoles: metronidazole; cholinergic
quaternary ammonium compounds (ambethinium, neostigmine, physostigmine); anti-
Alzheimer aminoacridines (tacrine); anti-Parkinsonal drugs (benztropine, biperiden,
procyclidine, trihexylhenidyl); anti-muscarinic agents (atropine, hyoscyamine,
scopolamine, propantheline); adrenergic dopamines (albuterol, dobutamine, ephedrine,
epinephrine, norepinephrine, isoproterenol, metaproperenol, salmetrol, terbutaline);
ergotamine derivatives; myorelaxants or curane series; central action myorelaxants;
baclophen, cyclobenzepine, dentrolene; nicotine; beta-adrenoblockers (acebutil,
amiodarone}); benzodiazepines (ditiazem); antiarrhythmic drugs (diisopyramide,
encaidine, local anesthetic series--procaine, procainamide, lidocaine, flecaimide),
quinidine; ACE inhibitors: captopril, enelaprilat, fosinoprol, quinapril, ramipril;
antilipidemics: fluvastatin, gemfibrosil, HMG-coA inhibitors (pravastatin); hypotensive
drugs: clonidine, guanabenz, prazocin, guanethidine, granadril, hydralazine; and non-

coronary vasodilators: dipyridamole.

[0093]  According to the present invention, the entity contained in the liposome
composition of the present invention can also be a pre-entity, e.g., a pro-drug or an agent
that is capable of being converted to a desired entity upon one or more conversion steps
under a condition such as a change in pH or an enzymatic cleavage of a labile bond. Such
conversion may occur after the release of the pro-drug from the liposome interior at the

intended site of the drug/liposome action. However, the pre-entity can be converted into



Diisopropylamine 533 159.9* 6.2 103.2 1 4.1 Tris(hydroxymethyl)-minornethane 423 179.9 15.3 116.1
+11.5 1-Piperidineethanol 506 153.57.1 99.0 + 4.5 4-Methylmorpholine 465 152.49.8 983 6.2
Piperidine 479
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the desired active entity inside the liposomes of the present invention prior to the use of
the liposomes as a delivery vehicle, e.g., administration to a patient. For example, an
entity can be modified into a pre-entity so that it is easier to be loaded into the liposomes
and then it can be converted back into the desired entity once it is inside the liposomes of
the present invention. In this manner, according to the present invention, the entities that
are generally not amenable to “active”, “remote” or other gradient-based loading
methods, can be effectively loaded into liposomes, e.g., into the liposome interior space,

in their native, unmodified form.

[0094]  Globally cationic compounds, that is, compounds capable of attaining a net
positive ionic charge under the liposome loading conditions, especially the compounds
containing a titratable amine, are known to effectively load into liposomes exhibiting
transmembrane jon gradients. If an entity of interest is an organic compound and is not
not a globally cationic compound having a titratable amine, a derivative thereof having
the requisite ionic properties can be prepared by a suitable modification, e.g., according to
the methods described in Woodle et al., in WO 96/25147. For example, an amine group
can be introduced by esterification of a hydroxyl group of the entity with an amino acid.
Alternatively, a hydrophobic group can be introduced into a water-soluble compound to
aid in its partition into the liposome membrane and subsequent traversing of the
membrane to the intraliposomal compartment, /.e., inside the liposomes. Another useful
modification to create a liposome-loadable pre-entity is the formation of a carbonyl group
adduct, e.g., ahydrazone, an oxime, an acetal, or a ketal. A modified amino-containing
group can be hydrolyzed or otherwise chemically split from the modified compound after
the loading of the modified compound into the liposomes according to the present -
invention. Typical processes to intraliposomally regenerate the entity from a pre-entity
are hydrolysis, photolysis, radiolysis, thiolysis, ammonolysis, reduction, substitution,
oxidation, or elimination. These processes can be effected, without limitation, by the
change of pH or by an enzymatic action. For example, paclitaxel or docetaxel, a non-ionic
entities, are converted into their 2°-(diethylaminopropionyl)- or 7°-
(diethylaminopropionyl) esters, which are weak bases (pre-entities). After loading into the
liposomes by any known method, including, without limitation, “active”, “remote”,
“transmembrane-gradient-based” or “solubility gradient based™ methods, and/or the

methods of the present invention, the intraliposomal 2°~(diethylaminopropionyt)-



158.5 12.5 102.3 + 8.2 I-Methylpyrolidine 492 153.6 + 12.3 99.1 + 7.8 Dimethylpiperazine 378 158.01
6.5 101,9 4.3 EXAMPLE 4 . Preparation of triethylammonium polyphosphate (TEA-Pn) solution.
10129)Linear sodium poly(phosphate) having 13-18 phosphate units per molecule (Phosphate glass;
CALGON(r), obtained from Sigma Chemical Compapy) was dissolved in water to a concentration of
about 1.3 M phosphate. The solution was passed through a column packed with 120 mL of sulfonated
polystyrene-divinylbenzene copolymer cation exchange resin beads (Dowex 50Wx8-200, Dow
Chemical Co.) in the hydrogen form. The column was pre-equilibrated with aqueous 3 -3.6 M HC1 to
bring the resinBatSRyRlrsgeR foiras Bidonasheeeaitrrachoriedwste tid naatal it veliden ml of the

sodium polyphgephate,salutionnyas appledan the columneang slutad withdeionizad Hd0.dbe column
eluent was monitored using.a conductivity detector. The column outflow carresponding to the

conductivity peSRWaLSHFSIAY Thasris aPHaadyamitie tausts s e SofarBA GRS BiyYed for
residual sodiunhéypetentiapietryitisingla segivireosiive glass:elecimiaand ionphasphate content

using an inorgani osphate assay as in J%gg?lggple . The solution having residyal sodium content of
less than 1 % Wé’seg'i}ﬂlfi%gto %{aﬁfﬂ%’ﬁ“ f)ﬁosp 1§y€(l)°n§é‘ﬁ‘i‘}“§tf8)ﬁ38? 6‘,’"3%’%%?%ﬁé%§’6?ﬁﬁbn typically has a
TEA concentratiduhdiing 260 &8 dvipphlrglduFabihitand psi-natality of 430-480 mmol/k2

[0095]  According to the present invention, the liposomes contained in the liposome
composition of the present invention can be any liposome known or later discovered in
the art. In general, the liposomes of the present invention can have any liposome
structure, e.g., structures having an inner space sequestered from the outer medium by
one or more lipid bilayers, or any microcapsule that has a semi-permeable membrane
with a lipophilic central part where the membrane sequesters an interior. A lipid bilayer
can be any arrangement of amphiphilic molecules characterized by a hydrophilic part
(hydrophilic moiety) and a hydrophobic part (hydrophobic moiety). Usually amphiphilic
molecules in a bilayer are arranged into two dimensional sheets in which hydrophobic
moieties are oriented inward the sheet while hydropfxilic moieties are oriented outward.
Amphiphilic molecules forming the liposomes of the present invention can be any known
or later discovered amphiphilic molecules, e.g., lipids of synthetic or natural origin or
biocompatible lipids. Liposomes of the present invention can also be formed by
amphiphilic polymers and surfactants, e.g., polymerosomes and niosomes. For the
purpose of this disclosure, without limitation, these lipasome-forming materials also are

referred to as "lipids".

- [0096]  According to the present invention, the liposomes contained in the liposome
composition of the present invention can also be targeting liposomes, e.g., liposomes
containing one or more targeting moieties or biodistribution modifiers on the surface of
the liposomes. A targeting moiety can be any agent that is capable of specifically binding
or interacting with a desired target. In one embodiment, a targeting moiety 1s a ligand.
The ligand, according to the present invention, preferentially binds to and/or internalizes
into, a cell in which the liposome-entrapped entity exerts its desired effect (a target cell).
A ligand is usually a member of a binding pair where the second member is present on or
in a target cells or in a tissue comprising the target cell. Examples of ligands suitable for

the present invention are: the folic acid, protein, e.g., transferrin, growth factor, enzyme,



EXAMPLE 5. Removal of unentrapped polyphosphate salts from liposorne preparations.
(0130]Liposomes (120 nm in size) with entrapped fluorescent marker 8- hydroxypyrenc trisulfonate
were prepared according to Kirpotin, et al., Biochemistry 36:66-75, 1997, and mixed with the solution
of sodium polyphosphate. The mixture was loaded gy size exclusion columns containing cross-linked
dextran beads (Sephadex G75), 6% agarose beads (Sepharose 68-CL), or 4% agarose beads
(Sepharose 48-CL), all from Amersham Pharmacia, and eluted with MES-Dextrose buffer (pH 5.5).
The effluents were assayed for phosphate content using the phosphate assay of Bartlett (1959), and
for the Iiposom@éBﬁeW@@pé&Mﬂ&bﬁéﬁ%ﬁf%%%g %fe‘fj-;&ﬁﬂgfhéf fapiydatries, Sepharose

CL-613 provideg,sempigit sepssation: ehhaiRohmbesrhate frprsthe diposampesiat geample/column
bed volume ratig of 13. EXAMPLE 6. Preparing solution of triethylarnmonium sucrgseoctasullate

(TEA-SOS). 1013 eiantalieessesliadiratbgaduivrsmird URSTHPL HRET R Y SIWMBMHH of sucrose
derivative in which aflttydgoxyk graepsifiave-barmedisighuie teidog s etlc3 uarpsenaciasiibaie. (SOS)
sodium salt was purcl?aseéj fr%m Torotngge@.esearch Chemicals, '{oronto, Capada,lpin (?699020. Six
grams of sodiurh SHErGSE o%%solﬁ}fla BWwas diFEONEdTTES7 T of daionized ’\%ia?e}gt%ng’i\]/se a final
concentration ofieboliz2d3Nachithe sellfate groaunpsheTimbsdlutivh wasgreagadotionadxgirdnge as in
e e L SEALOR afuFTaseacias Yy Ie.Acid pRiARed 86 ARan SYChanARCAuFn effluent was

then titrated with neat triethylarnine to5.7 (neutralization point), and the pH and osmolality of the

solution were det8itiHER3THEREsIRrgHSolFsH RabiiERalduldieaenearsy lamibiieeconcentration of
0.643 M, pH 5.£,,808 & Ogelality é@@tg@mcamwé%%@mm residiahsedivmRWASan

undetectable by potentiotnetry (less than 0.1%). EXAMPLE 7. Liposomes loaded with Irinotecau
(CPT-11) using8&B&Mtder iSRG (S HrEbEraRis Arfdlin e rivg feaelsser it HaPResence of
blood plasma. 4&pimonium salt solutions. Phosphate polymers were chosen because of their
biodegradability and because polyphosphates are found naturally in the cells, as opposed to other

synthetic polymeric-anions (paql ate, dextran.sulfate, he like), Also,.the.viscasity of solutions
of low molecu:grﬁé%g ht égf%%%gggyé{ézh\?\fa@ o‘%@é%%égﬁt[ﬁgg 6%’3(%!!1 éI}JSBF‘y"r?fetf’gq‘. a %ﬁg’ E
polyphosphatesanierecprodbesifrienohcJOp8S iThexfolib atorzin ivebeus e fon pré patatibanbbsalt

solutions. 1, %géﬂmeﬁqmmmh%x&l%gmmn%%r@s-érﬁ-i%%emﬁ_h@é?amn@igr%ﬁeéproduct

No. P-8510, "Phosphate Glass, Practical Grade", also known as sodium hexametaphosphate or by the
brand name CARGONion i9irsBAIRESERL D SRASHESPISA 0 19a5P 30 AP HBS EHORIAS Sigma

(Product No. T-288Rkidehetrasosicsmpyrenhesehals-daeanydaies N adn20éd0hl2-prrahased from
Sigma (Product No. P-9146 4. lon exchange resins tIgé)wex 50Wx4 (4% Cé%ssflinl%?_\(}j\l?sulfonated

polystyrene resih 248508 ﬁ%gﬁ)d‘k?ﬂltccl’i%aé(é‘aq% BIYTHE S R NS! BEYFBOBTEPDEWEX 13CP.-W2
(8% cross-linkegtsuifonatad polystyeenetiesincapd0t:meshikpurchased froonmSigmadRtodudt No.

1-8880) were used interchangeably. The.resins were washed by decantation in the following order:
e times with AEIHICH WA SoEo R A HLTae Ehsa S ARE Rl SR e tmes
with water, twicdesithcinNetDpbithtiet gindemwitki{onselitHreetidiestwith IN ha, and three times with

water. After the decantation, the resins were in Htfonn.
[0098]  According to yet another embodiment of the present invention, the liposome

composition of the present invention can be provided in a kit comprising a container with
the liposomes, and optionally, a container with the entity and an instruction, e.g.,
procedures or information related to using the liposome composition in one or more
applications. Such instruction can be provided via any medium, e.g., hard paper copy,

electronic medium, or access to a database or website containing the instruction.

[6099]  The liposome membrane composition of the present invention can be made by
any suitable method known to or later discovered by one skilled in the art. In general, a
variety of lipid components can be used to make the liposomes of the present invention.
Lipid components usually include, but are not limited to (1) uncharged lipid components,

e.g., cholesterol, ceramide, diacylglycerol, acyl(poly ethers) or alkylpoly(ethers); (2)



5. Trimethylamine (TMA), aqueous solution 40%, from Aldrich Chemical Co. (Product No. 43, 326-8).
The concentration was established by acid titration to be around 5.9 N. 6. Triethylamine (TEA),
99%, HPLC Grade, from Fish (Product No 04884). The concentration by acid titration was 6.9-7_1 N.
[01341Water was purified through reverse osmosis,ipn exchange, and organic removal to achieve
organic free "16-1S MOIlun" quality. 10135]Aqueous solutions of pyrophosphate, triphosphate, and
polyphosphate salts were prepared by ion exchange method. Solutions of sodium polyphosphate (3g

in 25 mL of water), pyrophosphate (4g in 27 mL of water), or polyphosphate (6.7g in 30 mL of water)
were loaded ondneatshnmidshtairiag deovidlowedddiiersfsarisprastinangs 46 resin prepared

as above. The golypRowAsRIviadWithwater (andfactignanere collegiadsJihe dractiors showing

acidic pH (pH.<3) were pooled, Triplicates of 0.5-rnL aliquots of the pooled fraction containing the
phosphate acid'wefeimbet Wi o6t Gosrdrhanehatidasacaitirb Pac i iaensrly sl snaisbint of pH
4.5-5.0 (Fisherqanahglicad-sokition} ¢o defaiminel nerapdbiclha Do aes fastivasrites ar exchange

were titrated with Fimetﬂ}/lam'&ne to obtai trimet% lammonium salts) to pH 5.4-5.5. After titration, the
the 3 -
DS e ALY i X

solutions were AT I TELERLARAI 18 Sohsin 56w ST ST RS Farm B R Yose to 0.5

N. 101361 Trimgtiy{athyimnigiycand iogiihdsphadpicthaseifates, wehd gngparceg Joylgiluting 1.39 m L of

concentrated (17.9 sul hide gcid with SO mL water, and titrating the diluted solution.with neat
:(Iila Ml)?scero &%ﬁj‘gmene %%Cém‘)-c ramide gpé#?c onic pr'[léséaélvya Q;ac

triethyl amine or 5&’&’9 us tfime Ine er the control of @ pH-mete alénce f)’o'int (pH

5.1-5.5). The véitrmwel@mmémwm@@iﬁQQMﬂPWétm@th.ﬂi@?laﬁﬁmémhybgmmhfunnidﬁtrate solution
was prepared by, disgolving, }251?%91—%%9&?&@—&%%%9@@cffi@és. mﬂoﬁ?m&@mﬂéﬂ:t No. C-1909)

in 20 mL of water, and titrating the solufion with aqueous trimethylarnine to the point of equivalence.
The volume waSadiiste@iioss hpidswith Wedtes. Jo 28 rere sbiitisrdosieranthecttss eaIGyela 0.2-uni

cellulose acetate filter using positive pressure. Osrnotality and pH of the solutions was measured using
a vapor pressufel osmorvatenanipidlassyealemeteleectrcdaHomatt, respsctivelyart baanarmality of the

anion in the phosphate. salutions was. determined by Qlu osphomolybdate spectrophotometric
asny (see BTSSR LSH mydr S R R SRY RISl B araly ook imo
account only therauiaidifushctioradignodps thateavki sukrdtaitialhz ionined atqokbBit Gation aormality was

determined on {os Bes af{ne AddedHRISUAMOPIRARS:.FE AARSHAHiRRS had the following
properties (Table 4): 4

formulation to increase the lifetime of circulation via reducing liposome clearance by
liver and spleen, or to improve the stability of liposomes against aggregation during
storage, in the absence of circulation extending effect. While inclusion of PEG-lipids in
the amount 1 mol% or above of the liposome lipid is asserted to have a several-fold
prolongation of the liposome blood circulation time (see, e.g., U.S. Pat. 5,013,556), we
have surprisingly discovered that liposomes of the present invention are quite long-
circulating, and the addition of PEG-lipid to the liposome composition only extended the
circulation longevity for less than two-fold, if at all. In addition, charge-modulating
(titratable) lipids can be used to help delivery of liposome encapsulated entities to
cytosolic or nuclear targets via facilitating some classes of entities escaping the confines

of endosomal pathway.

[0101]  In one embodiment, the liposomes of the present invention include lecithin,
cholesterol, and an amphipathic polymer. The lecithin included in the liposomes of the
present invention can be a natural lecithin, a hydrogenated natural lecithin, a synthetic
lecithin, 1,2-distearoyl-lecithin, dipalmitoyl lecithin, dimyristoyl lecithin, dioleoly!
lecithin, I-stearoyl-2-oleoyl lecithin, or I-palmitoyl-2-oleoyl lecithin whereas the
amphipathic polymer can be a polyethylene glycol-lipid derivative, e.g., polyethylene
glycol phosphatidylethanolamine, polyethylene glycol-diacylglycerol, or



Table 4. Properties of substituted ammonium salt solutions for CPT-1 | loadno liposolll es.  Salt cation
normality anion normality pH Osmolality  (mmollkg) T1MA citrate 0.58
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polyethyleneglycol-ceramide derivative, where the poly(ethylene glycol) portion has
molecular weight from about 250 to about 20,000, most commonly from about 500 to
about 5,000. In another embodiment, the lecithin and cholesterol ratio in the liposomes of
the present invention is about 3:2 by mole. In yet another embodiment, the amphipathic
polymer is at least 0.1 mole% of the liposome-forming lipid in the liposomes of the
present invention. In yet another embodiment, the amount of an amphipathic polymer is
between 0.1 mole% and 1 mole% of the liposome-forming lipid in the liposomes of the
present invention. Preferably, the amphipathic polymer is a neutral polymer, 1.e. possesses
under the drug loading conditions the net ionic charge of zero, for example, PEG-
diacylglycérol, PEG-dialkylgiycerol, or PEG-ceramide. It was unexpectedly discovered
that inclusion of ionically neutral amphipathic lipids up to PEG-lipid content of about 5.7
mol.% of total lipid afford high efficiency liposome loading of, e.g., vinca alkaloids, such
as vinorelbine, while in the case of anionically charged PEG-DSPE the loading
efficiency noticeably declined at the PEG-lipid content of 1.6 mol.% or more (Example
72).

| [0102]  Instill another embodiment, the liposomes of the present invention contain a
camptothecin derivative, e.g., a camptothecin prodrug such as irinotecan and is comprised
of lecithin and cholesterol, e.g., at a ratio of about 3:2 by mole, and an amphipathic
polymer, e.g., at an amount of at least 0.1 mole % or less than 1% of the liposome-

forming lipid.

[6163]  Liposomes of the present invention can be made by any method that is known
or will become known in the art. See, for example, G. Gregoriadis (editor), Liposome
Technology, vol. 1-3, 1st edition, 1983; 2nd edition, 1993, CRC Press, Boca Raton, FL.
Examples of methods suitable for making liposome composition of the present invention
include extrusion, reverse‘phase evaporation, sonication, solvent (e.g., ethanol) injection,
microfluidization, detergent dialysis, ether injection, and dehydration/rehydration. The
size of liposomes can be controlied by controlling the pore size of membranes used for
low pressure extrusions or the pressure and number of passes utilized in microfluidisation
or any other suitable methods. In one embodiment, the desired lipids are first hydrated by
thin-film hydration or by ethanol injection and subsequently sized by extrusion through

membranes of a defined pore size; most commonly 0.05 pm, 0.08 pm, or 0.1 pm.



0.60 5.1 791 TMA sul fate 0.50 0.50 5.4 625 TMA pyrophosphate 0.44 0.54 5.4 651 TMA triphosphate
0.57 0.68 5.4 695

31

[0104]  Liposome compositions containing the substituted ammonium and/or
polyanion of the present invention inside the liposomes can be made by any suitable
methods, e.g., formation of liposomes in the presence of the substituted ammonium
and/or polyanion of the present invention, e.g., in the form of salt. The substituted
ammonium and/or polyanion outside of the liposomes can be removed or diluted either
following liposome formation or before loading or entrapping a desired entity.
Alternatively, liposome composition containing the substituted ammonium and/or
polyanion of the present invention can be made via ion exchange method directly or via
an intermediate free acid step having a gradient of substituted ammonium of the present
invention, e.g., substifuted ammonium salt of polyanionized sugar or polyol. Such
liposomes can be neutralized using the amine or its salt with a volatile acid, e.g.,
carbonate. The resulting liposome solution can be uséd directly or alternatively the salt
contained therein can be removed if desired, e.g., by evaporation and crystallization

followed by dissolution in an aqueous medium.

[0105}  Preferably, the liposome composition of the present invention has a
transmembrane concentration gradient of the substituted ammonium and/or polyanion,
e.g., the concentration of the substituted ammonium and/or polyanion salt inside the
liposome is higher, usually at least 100 times higher, than the concentration of the

substituted ammonium and/or polyanion in the medium outside the liposome.

[0106] In one embodiment, the concentration of the substituted ammonium and/or
polyanion salt inside the liposome is at least 100 times higher than the concentration of
the substituted ammonium and/or polyanion salt in the medium outside the liposome and
is at least at a concentration of about 10mM, 50mM, 0.1M, 0.2M, 0.5M, 0.6M, 0.7M, or
1.0M,_wherein molarity ts calculated based on the substituted ammonium. In another
embodiment, the concentration of the substituted ammonium and/or polyanion salt inside
the liposome i1s at least 100 times higher than the concentration of the substituted
ammonium and/or polyanion salt in the medium outside the liposome and is at a

concentration of about 0.65M or about 1.0M.

{0107}  In addition, the liposome composition of the present invention usdaHy has a pH
outside which 1s compatible with or helpful for maintaining the stability of a desired

entity during the loading process, along with the high loading efficiency, e.g., above 90%



TMA polyphosphate 0.49 0.58 5.5 336 TEA sulfate 0.54 0.50 5.35 719 101391Cholesterol and DSPC
were purchased from Avanti Polar Lipids, Alabaster, Alabama, USA. PEG-DSPE (PEG mol. weight
2,000) was from Shearwater Polymers, Huntsville, AL, USA. DSPC, cholesterol, and PEG-DSPE in the
weight ratio of 3:1:0.1 (molar ratio approximately 3:2,0.03) were dissolved in chloroform (Fisher;
Optima grade, stabilized with amylene) at 60 ing/mL of DSPC. The solution was dispensed into Pyrex
tubes at 30 mg of DSPC (0.5 mL) per tube and slowly evaporated at reduced pressure using rotary
evaporator at 60 C. The lipid films were dried under vacuum (100 micron mercury, oil pump) for 30-60

minutes at rooS tERTPEATIECTOTLL DR/ RS dierd 1idrded By gemiefarekidy in the above
aqueous salt sgltions-ai L8 el a2Rraninuiernlibg, liRids farmed apnilcsishepsian (ultiamellar

vesicles). This milky suspension was subjected tg five cycles of freezing in the mixture of dry ice and
isopropanol (-S6RE SFMAUTEYY SHAR AR R aRNehet Hahs BH6Y e s mirlivas Prhgrnse lipid
suspension waseextanddad O Hnes Jetaid bl o; stk s fthiblyditiwestdokedipslycarbprades membrane
filters (Nucleopore, .Whafiman E%%e sitze 0.1 pm usitn a man aIIX opera&ed recigﬁocating extruder
(Avanti Polar Llpciasl)nﬁé)af‘ev I}ft LA trThE Ektitued Cilrﬁos%rh%sv\}\?eraés%%% 260C for five minutes
and guenched #doapliabed @pHEPot five mMimespElenhithe lipodonieswere separated from the
gradient-forming salt solution into the loading buffer IVIES-Dextrose (50 g/L of Dextrose ACS, 0.975

WI, of 2-(N-moypfgino)-ethangsuifonic AeidntilEmie ancsHlg SN AW Ioaded or entrapped
into the liposomes by incubating the desired entity with the liposomes of the present
invention in an aqueous medium at a suitable temperature, e.g., a temperature above the
component lipids’ phase transition temperature during loading while being reduced below
the phase transition temperature after loading the entity. The iﬁcubation time is usually
based on the nature of the component lipids, the entity to be loaded into the liposomes,
and the incubation temperature. Typically, the incubation times of few minutes to several
‘hours are sufficient. Because high entrapment efficiencies of more than 85%, typically
more than 90%, are achieved, there is usually no need to remove unentrapped entity. If
there is such a need, however, the unentrapped entity can be removed from the
composition by various mean, such as, for example, size exclusion chromatography,
dialysis, ultrafiltration, adsorption, or precipitation. It was unexpectedly found that
maintaining of the low ionic strength during the incubation of an entity, such as, in
particular, a camptothecin derivative or a vinca alkaloid derivative, with the liposomes of
the present invention, followed by the increase in ionic strength at the end of the
incubation, results in higher loading efficiency, better removal of unentrapped drug, and
better liposome stability against aggregation. Typically, the incubation is conducted, e.g.,
in an aqueous solution, at the ionic strength of less than that equivalent to 50 mM NaCl,
or more preferably, less than that equivalent to 30 mM NaCl. Following the incubation, a
concentrated salt, e.g., NaCl, solution may be added to raise the ionic strength to higher
than that of 50 mM NacCl, or more preferably, higher than that of 100 mM NaCl. Without
being bound by a theory, we hypothesize that the increase of ionic strength aids
dissociation of the entity from the liposome membrane, leaving substantially all entity

encapsulated within the liposomal interior space.

[0109]  In general, the entity-to-lipid ratio, e.g., drug load ratio obtained upon loading

an entity depends on the amount of the entity entrapped inside the liposomes, the



48 of 5M NaOH to bring the pH to 6.4) by gel-chromatography on Sephadex G-75. Liposomes appear
in the void volume fraction (approximately 30% of the column bed volume). 101421CPT-11 (Irinotecan
hydrochloride) preparation containing 0.860 mg of the CPT-11 base per 1 mg of the solid was
dissolved in 0.001N 1-10 to make a stock solution 0f16.5 ing/mL CPT-1 t base. This solution was
mixed with the liposomes in MESDextrose buffer to achieve the ratio of 150 jig CPT-11 per 1 ninol of
liposome phospholipids. The mixture was incubated at 55 'C in a water bath, with occasional gentle
shaking (approximately every five minutes) for 30 minutes, then quickly chilled in ice water (0-4 C).
The liposomesopienseteaicdh finpe thalpisr edpautaritne And/ by rgbiachroristosrbphy on Sephadex

G-75, using M?%@%%%Q%%H%Es@%@@ﬁ%ﬁ%@t&ﬁi@f %Wﬂ%%%ﬂﬁ@@%@éﬁﬁ%{oph0t0memC
assay (Example 71), and the phospholipids determined using an extraction assay (Example 70).

101431In vitro GPud PEIBRER W5 SErabiatidiet Pring rbgisacipvadnsaediingie prERSRtE st 50%

human plasmaaw@s siydiednasialaws chpiezan hveandanaplasmapasiRawvetaasma e, centrifuged
at 14,5009 for 10 minutes, and filtered _througgé 0.45-nm cellylose acetate syringe filter. The liposome
o) 5o LRGN BT o

preparations with TERFE B TR WKFe' Staflisdd by Saddhg @ hFIUGH & 2 Uk ctaftfige cellulose
acetate (SECA9sigrie-syringedfidtécudibdroh tbé theilipbd demeswers tnixed withdE tifcebplasma in

sterle 1.5- nih copolymer, EApendatt iubes. seplech A1 Ingibated an aeeking iatform at 37 C for 24

I
t )
hours. Blank sar%ple containe m sterile extrose ins of liposomes. The liposomes

were isolated Hygetichromeatograpiioons adveaded broggitinkeldpRYsaaigandse lget(Bepivardse CL-2B,
Pharmacia; 10 gl PegYPHRENINNG A4 IV el 20N BIRRESNA .4 ALYIELAFBS-5). The

liposornes appeared at the void volume fraction, while plasma proteins and released drug (if any) were
retarded by theXgIo fTthe liiprsssin & fidkctions!oiert agsalrsafdrecpityicans phespholipidst ahd the
deg|ph03ph0|iﬁi€’$i15§§l9r(@%%§t. tatio)was determingd Readingsaldbshlanis samplesiplasma only)

were subtracted from the readings of the liposome-containing samples. Percent of the drug remaining
in the liposome a8 HEATBABFIAPHER TREd B%faveiagmgaaa@{ﬂrum@w&%@%wﬂ% input
drug/lipid ratio (drughipitratioption ie inauhatian st pRsma). 7 e hading-antt4eleasendasa are
summarized in Table 5. 49 Tabéﬁ 5 Igoading cg CI?T-l% i“&? Ig)?sornjspégith Iertiaré alkytla monium
salts and in vitrS FSELEE TGS ﬁ'bd IR PrOS S S ST DIRSIRA PEN LB S LA SO Ron Before
incubation withpptasm &adben incub atsniwithaptas h a2 drugitipi d, encapgiuledid melr 0g/ lip b ceug, remaining

and more preferably, from about 0.15 to about 1.5 moles of the drug per mole of the
liposome lipid. In one embodiment, the entity-to-lipid ratio, e.g., drug load ratio of
camptothecin derivatives is at least 0.1, e.g., 0.1 mole of camptothecin derivative per one
mole of liposome lipid, and preferably at least 0.2. In another embodiment, the entity-to-
lipid ratio, e.g., drug load is at least about 300 mg entity (e.g., vinca alkaloid or a
derivative thereof) per mg of liposome-forming lipid. In yet another embodiment, the
entity-to-lipid ratio, e.g., drug load is at least about 500 mg entity (e.g. camptothecin
derivative or camprothecin prodrug) per mg of liposome-forming lipid. Surprisingly, the
invention afforded stable and close to quantitative liposomal encapsulation of a
camptothecin derivative drug, e.g., irinotecan, at the drug-to-lipid ratio of over 0.8 mmol
of the entity per 1 g of liposome lipid, over 1.3 mmol of entity per 1 g of liposome lipid,

and even at high as 1.7 mmol entity per 1 g liposome lipid (see Example 74).

[0110]  If the liposome comprises a phospholipid, it is convenient to express the entity
content in the units of weight (mass) amount of the drug per molar unit of the liposome
phospholipid, e.g., mg drug / mmol of phospholipid. However, a person skilled in the art
would appreciate that the drug content can be equivalently expressed in a manner

independent of the presence of phospholipids in a liposome, and furthermore, can be



ratio efficiency (%) ratio encapsulated (%) TMA sulfate 127,2 5.6 84.8 132.1 6.9 103.8 10.0 TMA
pyrophosphate 136.2 9.0 90.8 6.0 132.3 5.0 97.1 IL 10.1 TmA triphosphate 132.9 88.6 129.2
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equivalently expressed in terms of a molar amount of the drug per unit (mass or molar) of
the liposome lipid content. For example, a liposome containing 3 molar parts of
distearoylphosphatidylcholine (DSPC, molecular weight 790), 2 molar parts of
cholesterol (molecular weight 387), and 0.015 molar parts of poly(ethylene glycol)-
derivatized distearoylphosphatidylethanolamine (PEG-DSPE, molecular weight 2750),
and containing a drug doxorubicin (molecular weight 543.5) at the drug/lipid ratio of 150
mg/mmol phospholipid, the same drug content can be equivalently expressed in terms of

mg drug/mg total lipid as follows:

(a) Calculate the molar amounts of liposome lipid components normalized to the molar
unit of liposome phospholipids (DSPC and PEG-DSPE in this example) by dividing the
molar quantity of a component by the total of the molar quantities of the liposome
phospholipids:

DSPC 3/(3+0.015) = 0.99502

Cholesterol 2/(3+0.015) = 0.66335

PG-DSPE 0.015/(3+0.015) = 0.00498
(b) Calculate the mass amount of total liposome lipid corresponding to a unit molar
amount of liposome phospholipid and the components molecular weights:

Total lipid, mg/mmol phospholipid = 0.99502x790 + 0.66335x387 +
0.00498x2750 = 1056.48
(c) Calculate the mass amount of drug per mass unit of total lipid by dividing the drug
content expressed in mass units per molar unit of phospholipid by the number obtained in
step (b):

Doxorubicin, mg/mg total lipid = 150/1056.48 = (.14198.
(d) Calculate the molar amount of the drug per unit mass of total lipid by dividing the
number obtained én step (¢) by the drug molecular weight (in this case, 543.5) :

Doxorubicin, mmol/g total lipid = 0.14198/543.5x1000 = 0.261.
(e) Calculate the molar part of phospholipids in the liposome lipid matrix:

Phospholipid molar part = (total moles of phospholipids)/(total moles amount of
lipids) = (3+0.015)/(3+2+0.015) = 0.6012.

® Calculate the molar ratio of doxorubicin to total lipid.



97.3 TMA-Pn 134.4 + 9.3 89.6 + 6.2 135.0+ 7.4 100,4 12.4 TEA sulfate 131.1 6.587.4 + 4.4 125.2 +
5.0 95.5 8.6 EXAMPLE 8.1n vivo stability of the liposomes loaded with CPT-11 using pyrophosphate,
triphosphate, polyphosphate, citrate, and sulfate trialkylammonium salts. [01441While camptothecin
liposotnes may show acceptable drug leakage in blggd plasma in vitro, the drug may leak more quickly
in the blood circulation in vivo. Therefore, a panel of CPT-11 liposome formulations was screened for
drug stability in the blood circulation in vivo using a single time point assay in mice. 101451The
liposomes werg preparenbandiboadadayvith P bidlipsidegarivprbifpiixample it Hoeutalipwing

modifications. Instead, of using.PEG-DSPE from Shearwatcy Pol rs, simjlay PEG-DSPE
from Avartti Pcﬁg{?{f?ﬁ?gg?ﬁh 8%8?%% fan #%5&8‘818%@?@ W&?ét ﬁegﬁ(?éiﬁggt?{;%ﬁ %h%bg*ogéd/tissue

samples, a nonexchangeable radioactive label, [3F1]-Cholesteryl hexadecyl ether ([31-1]-CHE;
(Amersham, USNAvas Bitte thto thiéi eriorotereaniitiercofipibadids i thahasmbohpefreizs mCiimmol

of phospholipidgthe Jipid sesHanswers.dispansadinio Ry tibem at 45 ma;pbRRE C/tube, and lipid
films were formed by rotary evaporation/vacuum drying. Lipid films were hydrated in 0.7 mL of the

gradient-forminty BOBdIRIAP A RoREAY AR ES Mt RS S AE LRI (REMPBEs MBS With

entrapped phogphiatezespiainog sattsawrs: detepined by radioactivity scintillation counting. The
preparations without entrapped phosphate-containing salts were also assayed for phospholipids

without extractf 35 desgribed In ExAMAIS. 19, a0 wsed as IR adieastiviy sienderd Bgrtions of
the Ilposome- ug mixtures prepare nfOf e Isoaéllng were saved an asgaye 0]
of the present invention usually has an osmotic strength (osmolality) which helps to keep
the liposomes stable against osmotic damage (swelling and/or burst) without sacrificing
the loading capacity of the liposomes. In one embodiment, the osmolality of the liposome
composition of the present invention is in the range of 0.1 to 1.5 mol/kg or, preferably,
0.2 to 1.0 mol/kg. Surprisingly, we found that liposomes of the present invention are
stable against adverse effect of high intraliposomal osmotic strength on the drug loading.
Intraliposomal osmolarities of as high as 0.727 mol/kg were well tolerated, resulting in
practically quantitative loading of a drug up to the theoretical maximum of stoichiometric
exchange of intraliposomal substituted ammonium ions for molecules of the drug (in the
case of irinotecan, one drug molecule per one substituted ammonium ion), even though
the osmolarity of the extraliposomal aqueous medium during the co-incubation of the
. drug and the liposomes was close to the physiological value of about 0.3 mol/kg

(Example 74).

[0114] ‘In general, the liposome composition of the present invention is quite stable
during storage, e.g., as measured by the percentage of entrapped entity released outside of
the liposomes or still maintained inside of the liposomes after a certain time period from
the initial loading of the entity inside the liposomes of the present invention. For
example, the liposome composition of the present invention is stable at 4°C for at least 6
months, e.g., less than 10% of entrapped entity is released 6 months after the initial
loading of the entity. In one embodiment, the liposome composition of the present
invention is stable at 4°C for at least 2 years, e.g., less than 20% of entrapped entity is

released 2 years after the initial loading of the entity.

[0115]  Itis advantageous for a liposome-entrapped entity to remain encapsulated in

the liposome until the liposome reaches the site of its intended action, e.g., in the case of a



50 confirm the pre-loading ratio of the added CPT-11 to the liposome lipid prior to loading ("input
ratio"). Volume-averaged mean and standard deviation of the Liposome size distribution were
determined by quasi-elastic light scattering (QELS) using Gaussian model. The properties of these
liposomes are summarized in Table 6, Table 6. Chagacterization of CPT-11 loading into
[BH1-0-1E-labeled liposo vivo stability study es for in Entrapped salt solution drug/lipid ratio drug/lipid
ratio loading liposome size, before loading after loading efficiency (%) (meati+SD) nm TMA citrate

159.2 + 3.5

liposomal antitumor drug administered in a patient, a tumor. The liposomes of the
present invention showed surprising stability against the release (leakage) of the
entrapped entity under in vivo conditions, e.g. in the blood of a mammal. The exposure
time needed for 50% release of the entrapped entity, e.g. drug, from the liposomes (half-
release time) in the blood of a rat in vive was more than 24 hours. In particular, liposomes
loaded with vinca alkaloid drugs, e.g., vinblastine, vincristine, and vinorelbine, showed
remarkable stability against drug leakage in vivo, with half-release time of at least 24
hours, or the amount of entity remaining encapsulated after 24 hours in the blood in vivo
at least about 50% of the pre-administration value. Typically the half-release time over
33 hours , or the amount of encapsulated entity remaining encapsulated after 24 hours in
the blood in vivo at least about 60%, was observed; and even the half-release time over
46 hours, or the amount of encapsulated entity after 24 hours in the blood in vivo at least
about 70% of the pre-administration value, was common. Sometimes the half-release
time for an encapsulated drug in the blood in vivo was over 93 hours, and even over 120
hours. The liposome loaded with camptothecin derivatives, such as topotecan and
irinotecan, dlso showed exceptional in vivo stability in the blood, with 79-85% of the
original drug load remaining encapsulated after 24 hours. Remarkably, the liposomes of
the present invention, while having such low in vivo drug release rate in the blood
circulation, showed substantial in vivo antitumor activity exceeding that of the free drug

(i.e administered as a solution).

[0116]  The liposomes of the present invention provided unexpected combination of
the high efficiency of the entrapped therapeutic agent and low toxicity. In general, the
activity of a therapeutic entity liposomally encapsulated according to the present
invention, e.g., the anti-neoplastic activity of a camptothecin derivative in a mammal, is at
least equal to, at least two times higher, or at least four times higher than the activity of
the therapeutic entity if it is administered in the same amount via its routine non-liposome
formulation, e.g., without using the liposome composition of the present invention, while
the toxicity of the liposomally encapsulated entity does not exceed, is at least twice, at

least three times, or at least four times lower than that of the same therapeutic entity

administered in the same dose and schedule but in a free, non-encapsulated form. For
example, it is generally known that liposomal encapsulation of anti-cancer camptothecin

derivatives by the published methods of others results in the increased toxicity (lower



156.7 + 3.6 98.5 4.4 122.1 + 25.3 TMA sulfate 156.1 + 2.5 156.1 + 3.1 100.0 3.6 122.2 28.4 TMA
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37

maximum tolerated dose, lower 50% lethality dose) compared to unen'capsulated drug.
See U.S. Pat. 6,355,268; U.S. Pat. 6,465,008; Colbern, et al. Clinical Cancer Res. 1998
v. 4, p. 3077-3082; Tardi, et al. Cancer Res., 2000, v. 60, p.3389-3393; Emerson, et al.
Clinical Cancer Res. 2000, v. 6, p.2903-2912. Liposomally encapsulated camptothecin
pro-drugs, such as irinotecan (CPT-11), which is a water-soluble, cationic camptothecin
pro-drug derivative, have substantially higher, e.g. at least 4 times, and even 10 times,
higher antitumor activity assessed in an in vivo tumor model than the drug in the absence
of a liposomal formulation, e.g., in a free (solution) form. This is even more remarkable
since a therapeutic compound, e.g., a camptothecin pro-drug, requires enzymatic
activation, e.g., by the action of endogenous non-specific carboxylesterase, but accofding
to the present invention is encapsulated substantially within the interior space of the
liposome. On the other hand, surprisingly, the toxicity of camptothecin prodrug such as
CPT-11 in the liposomal form (drug/lipid mass ratio over 0.1 , e.g., 0.2-0.6 or more})
according to the present invention was over 2 times, over 3 times, and even over 4 times
lower that than of the free (unencapsulated) pro-drug CPT-11. Moreover, a prolonged
drug release from the CPT-11 liposomes in vivo was achieved, with more than 50%, and
even more than 70% (79-86%) of the original drug content still remaining in the
liposomes 24 hours after administration into the bloodstream, and with half-release times
in excess of 24 hours, typically in excess of 48 hours. The prolonged remanence of the
drug in the liposome in vivo was associated with higher antitumor effect. Surprisingly,
the slowest in vivo CPT-11 release and the highest antitumor activity was observed in the
liposomes containing low-molecular polyanionized sugﬁr derivative (sucrose octasulfate)

rather than a polymeric anion (polyphosphate) (Example 15).

[0117]  According to another embodiment of the present invention, the liposome
composition of the present invention can be provided as a pharméceuticaﬁzé&nposition
containing the liposome composition of the present invention and a carrier, e.g.,
pharmaceutically acceptable carrier. Examples of pharmaceutically acceptable carries are
normal saline, isotonic dextrose, isotonic sucrose, Ringer's solution, and Hanks' solution.
A buffer substance can be added to provide pH optimal for storage stability. For example,
pH between about 6.0 and about 7.5, more preferably pH about 6.5, is optimal for the
stability of liposome membrane lipids, and provides for excellent retention of the

entrapped entities. Histidine, hydroxyethylpiperazine-ethylsulfonate (HEPES),



TMA polyphosphate 170.5 8.0 162.4 4.0 953 6.8 123.0 12.7 TEA sul late 153. 3.3 154.9 + 4.9 101.0
5.3121.1 18.0 [0146]Six-week-old female CD-1 mice (Charles River) received tail vein injections of
these liposomal CPT-11 formulations at the dose of 10 mg/kg (0.2 mg CPT-11/mouse) in duplicate.
Eight hours later, the mice were anesthetized and eygsanguinated through open heart puncture. The
blood was collected into heparinized syringes (10-20 pi of 1000 Il/m1 heparin US?) and transferred into
weighed tubes containing 0.4 ml of the phosphate-buffered physiological saline solution (PBS)

containing 0.04% EDTA (Gi RL, n.ice. The tubes were.weighed tq,determyine,weights of
the oo samil L DR L S M S e I
supernatants covnegnirigiPRSedistad pladmifrwersasasedddedrugadcipossmelligideassays. CPT-11

was quantified by, flugremelric assavEEXRMRIadY NaLiPgsemeipid was Auantfied oy

quenching-corrected radioactivity scintillation counting. The lijposome and phospholipidradioactivity

standards were¥5ahtAErH prapalien it presrng dHiesd PERER MY e Uit G thatSafiTained
encapsulated was.raiculaied by dividing thedrdei@dipastivityyrafieminctheplassasapaples by the

drug/radioactivity ratig of the injected liposomes, Due to the fast glimjnation of free CPT-1 | from the
blood (see ExafiPIE®BgP SPINERISGHA! LB "o tile CRRtE 2 Ay SIHSRIHTE LRPRHYE the assays
readings were eongisiereshindicaiive qfsineoblpadcorient efdipasonat chipdsirne dpidbPercent of

injected lipid dose.(% 5Rl ID.) remainin the circulation was calculated assuyming 10 Ogc;of the
ectod bolus SHTANBEL ER e  E BaTb SHENT E o e LEAPTiarie, ame

hernatocrit of 4&%1{1’@«1@&&4@@5?sumaﬁbmﬂdmgabferma' a;bfdfjbrm vhzters_ta@it_itycoﬁditio_ns
O - encap syl A RN AR e e 000 BN AL SR BABRIBOSAMEs M g 812 single point (8
injected dose, [

hours) post injectloﬁ/.08 ol.D.,% 0 Liposonte-entrapped saltDrug/lipid ratio, %
ofLiposome lipitiedium prior to administration.

[0118]  The pharmaceutical liposome compositions can also contain other
pharmaceutically acceptable auxiliary substances as required to approximate
physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting
agents and the like, for example, sodium acetate, sodium lactate, sodium chlornide,
potassium chloride, calcium chloride, etc. Additionally, the liposome suspension may
include lipid-protective agents which protect lipids against free-radical and lipid-
peroxidative damages on storage. Lipophilic free-radical quenchers, such as alpha-

tocopherol and water-soluble iron-specific chelators, such as ferrioxamine, are suitable.

[0119]  The concentration of the liposomes of the present invention in the fluid
pharmaceutical formulations can vary widely, i.e., from less than about 0.05% usually or
' at least about 2-10% to as much as 30 to 50% by weight and will be selected primarily by
fluid volumes, viscosities, etc., in accordance with the particular mode of administration
selected. For example, the concentration may be increased to lower the fluid load
associated with treatment. This may be particularly desirable in patients having
atherosclerosis-associated congestive heart failure or severe hypertension. Alternatively,
liposome pharmaceutical compositions composed of irritating lipids may be diluted to

low concentrations to lessen inflammation at the site of administration.

[0120]  The amount of liposome pharmaceutical composition administered will depend
upon the particular therapeutic entity entrapped inside the liposomes, the disease state

being treated, the type of liposomes being used, and the judgment of the clinician.



pre-injection value%T.D. in the blood TMA citrate80.2 w 7.818.8 w 3.4 TMA sulfate70.1 4.823.6 1.8
'['MA pyrophosphate67.3 Wi 9.223.2 3.1 TMA tnphosphate70.6 w. 6.024.9W 8.2 TMA
polyphosphate107.5 8.924.3 3.4 TEA sulfate76.6 w 13.123.6 w 0.1 101471All preparations showed
the level of drug encapsulation after 8 hours in the Rlood in vivo at 70-80% of the pre-injection level,
while the liposomes containing polyphosphate were the most stable (drug encapsulation remains at
about 100%). EXAMPLE 9. Blood pharmacokineties of CPT-11 liposornes prepared using
riethylammoniutgneaiyphesphais: 3043450 fammiationieblinesamalGRihididesngi tiethylammonium

polyphosphate salt was prepared as outlined in Example 3. The lipids - DSPC, chalesterol, and
N(methoxy-pofHEFSRiHE GiKEIF MRiPsBetH s etestiGPss B pEr iB e ap SBE) WiCFBHIAvanti Polar
Lipids, Inc.) - were combined as dry powders in the molar ratio of 3:2:0.015 and dissolved in 100%
ethanol (USP ¢fads], apphoxuentisyrai 1iGomeglafrthechpits) amgpesgb Cnécgsphaioristokinetic studies,

3H-cholestcryl tﬁ@?&?gﬁ%iSﬁ@ﬁéé@ﬂv"&'@é@aﬂ%‘&?&gﬁ%%{ﬁr%(ffﬂ%%] Bn?ormﬁmwam%%g, fo the

lipids in the amount of 0.5 mCi/mmol of phospholipids as a non-exchangeable radioactive lipid label.

The aqueous &t of the AU (018 Rt tPSialphso AR, PHBSBRBwakl Sréfyaied as in Example
4. TEA-Pn solytiene(JQ; e ethe plumersi adged &hang buasophsegwiih, the/ipid sglution at 60- 65

C and stirred at this temperature until a homogeneous milky suspension of multilarnellar vesicles was

formed. This sUSSEREISIFES EGHIASA518 e S THPYE Jre RIS SRITSR RS BB SRO WA LR BRSed filters

(Coming Nuclegrag)! witihdhe; paeasizedaf90n EgrehUsinghasgoniiassutie @xtruden (kigexia
Biomembranes{%at 60-65 "C, aInEj resultin?cz unilarnellar Iié)osomes were quicklﬁ chi‘gfd itn ice and then
let attain ambieAt EAATPRFSIIE! ERRENBT SHERIIHRR P BE 58Ty BHEL S aRE SIE e &5 MEved by gel
chromatographyos Sepliddosedd, <8 ¢otldinghkitediviththibES<Dextiogetiiffed (5 inM MES, 50 git_
dextrose, pH adjusted to 6.5 with NaOH). 9]A stock .solution of CPT-11 (Irdnotecan hydrochloride)
containing 20 iﬁgﬁ}h %CW%%%%&n eﬁé%OFr)ll R/\L/%]é? \1/vgrsa}z)aled)lglecdﬁ gtlﬁd%%len Illtpséggtrlﬁgél%%'gpgrsﬁé]}ﬁpid ratio of
150-200 rng/minohplosphbipiadydheldbre geixturdalas noutpitetaity et asioped hgitafiors for 45- 60

minutes at 60-62..C, The incybationmixiure. mas ekl caqied-dawn. apd.incubated fr, kg minutes at

0 C, then allowed to attain ambient temperature. 1/20 of the volume of 2.88 M NaC1 was added to

adjust to physisdidagiahiesrergtr dhd e ritra-the YeRIoPare Prhanteais-H8URE CPT-11 (as

opposed to theigiugLncapsHlatedryitinthgriposome interior). Unencapsulated drug was removed by
gel chromatography on Sephadex G-25 or G-75 column (Atnersham Phaimacia) eluted with HBS-6.5

buffer (5 irtM 244-(2- hydroxyethyp-piperazino)-ethylsulfonic acid (ﬁHEP, , 144 mM NatCI H 6.5).
Liposome fract LA bta T BoTe e b PR e SR B S
stored at 4-6 Criafare! ase (athexliposomiestsbirectherattelized $ydipiol aoneperrationlensyer,

concentration; gf)ch RAICIE 5iA-351% FeMRI& S&B&E%%[‘Tﬁ%i'aa%ﬁt}‘?&}ﬁﬁ@g@ $izehk0g am and
CPT-11 content of 139 IS mg of CPT-1 | base per mmol of phospholipids. [0150]The longevity of the

liposome lipid a9 Wﬁ@éﬁﬁ‘f@ riy@elﬁCtW@O@ié@ﬂ g lnebe formulated into an enteric-coated tablet or

gel capsule according to known methods in the art.

{0123]  The liposome composition of the present invention can be administered in any
way which is medically acceptable which may depend on the condition or injury being
treated. Possible administration routes include injections, by parenteral routes such as
intramuscular, subcutaneous, intravenous, intraarterial, intraperitoneal, intraarticular,
intraepidural, intrathecal,_or others, as well as oral, nasal, ophthalmic, rectal, vaginal,
topical, or pulmonary, e.g., by inhalation. For the delivery of liposomally drugs
formulated according to the invention, to tumors of the central nervous system, a slow,
sustained intracranial infusion of the liposomes directly into the tumor ( a convection-
enhanced delivery, or CED) is of particluar advantage. See Saito, et al., Cancer Research,
vol.64, p. 2572-2579, 2004; Mamot, et al., J. Neuro-Oncology, vol. 68, p. 1-9, 2004._The

compositions may also be directly applied to tissue surfaces. Sustained release, pH




characteristics of drug release from the liposomes in vivo were studied in female SpragueDawley rats
(190-210g) with indwelling central venous catheters. The rats were injected with a 0,2-0.3 mL bolus of
311-CHE-labeled Irinotecan liposomes (0.05 mmol phospholipids, or 7-8 mg CPT-11 per kg of the
body weight). Blood samples (0.2-0.3 mL) were drayyn at various times post injection using
heparin-treated syringe. The withdrawn blood volume was replenished using phosphate buffered
physiological saline. The blood samples were diluted with 0.3 ml of ice-cold PBS containing 0.04%
EDTA, Weighegs,ean%the lood cell&lwere sfp ated%lfty centrifl@ation. Th tsurf)erqa agt fluids were
collected and A88S]ed F6F TR T L Ui THE fI RO Rt B S P RSN 54 A d P he
Liposome lipid déielikyasoimtilaitio npradicaliiivityl edadntingetsingican ventionsildnetbodsis Thediposome
preparations with_known dru -3H-CHE-iipid concentration 53 were used as standards.
Radioactivity stahdar Ssgbﬁrtg?% %%ﬁmlg%swnt of diluted rat plasma to account for quenching. The
amount of CPT-11 and the liposorne lipid in the blood was calculated assuming the blood volume in mi
as 6.5% of the body weight in grams, and the hematotfit'Bt46%6. The total amount of the lipid and the
drug in the blo s expressed as cito of injected dase (%.1.D., %]D) a lotted against
post-injection t(iigle. ' he@grg(gg%%fl%Fﬁ{ﬁn?géﬁa?ﬁ?n“g} Fﬁ%ﬁ% |ﬁg§8tr%éestv%%§0%%q%b é?g}f t%/va?f{/}a?ng the
drug/lipid ratio in 4he ibloodr ssraples: hytheetlnegtlipictdtiorofplecitje cYebilqgbsprare sy (takenfas 100%).
Because the p | o) a Nt wi xpanential kineti ' ity in
comlogartnim o e e o e e I e e R e s v,
Liposomes, weté ke duidreti from tHerpastdiy be #sedata to monoexponential decay equation using the
TREND option of the Microsoft EXCEL computer program (Microsoft Corp., USA). The results are
shown on Figure |. FremAherbgst fi pgyametarss the Hineibhabrlivesdardipignndidiug swrse 16.4 hours
and 661 hours, respectively. Under these conditions, free CPT-11 clears from the circulation very
rapidly (see ExHie 69)rif0iBramiveiblo odddirikipicratio wenvediad diphiasicishdetdpaditite CPT-11
release from thg. IROSAINGS, (GGG, Pk I NS AR 20 NOES, 1 B5IeR3E0T TG dallpwedhwas linear

over time (R=0.992) giving evidence for zero-order release kinetics. Only after about 75% of the drug
was released avParHoarcarte @t firthet Mk baeEaMBHBSITEF s D hibaprsviHeomssgomes

released the dryg.aka, 6PnsiARE rate-QliBRA3 8%met tRedniiRideadMau iy us. RO Bidhe drug was

released over the period of approximately 14 hours. Zero-order release of the drug is an atfractive
quality in sustalHBYFelREEBrSHRGIRNERL" G.S {HEBY AR AR Y FEIELE B AS TR VST time.
EXAMPLE 10. Astittins( efficacytiab €idiidd liposomes: preparech isingatiaihylammerfithe
polyphosphate a atinstt Rreast ganc%rl%<e80%rqfﬁst inwrellu gt(rfpli]%:%e 1521Ant§/umcl)1r ggﬁgggtgﬂf CPT-11
Liposomes was Studied in TR Moder o human breast carcmbmauélfgfﬂff a Oés&rogen- ependent
ductal adenocédfbmpmeethet dveseinresses @& B2 (HERR)rectptosalt Biluipdscell slwene iobtained
from American Jype Gultyre Collection (Rockville, MD). A BT-474 sub-line with higher tumor growth
rate was established from a tfast-growing xenograft tumor nodule raised as described below. The cells
were propagated in vitro in RPMI-1460 medium with 10% fetal calf serum, OA 54 mg/mL streptomycin
sulfate, and 1000}t BERFSIFR i1 0156 Akdkanmeg Uit sreler P rear NCR Y iMEMSle mice
(4-6 week old; Taeonic Farms) were subcutaneoushgoplaRteshial/tlhe base of gail) with 60-day
sustained-release-0.72-mg estradiol-pelle hnovative-Research-of-Ameriear-tnae.), and in two
days were inochigted dapepaneotidhitih the upper back ared’with 0.1 MI_ suspéfsion containing
2x107 BT-474cg]l5dp, pelharewth-mediim, fie tumor progreggion was monitorgebby palpation and
caliper measurements of the tumors along the largest (length) and smallest (width) axis twice a week.
The tumor sizeS WEMHFERN e e weekly from the calidér measurements-88ing the formula
(Germ. R.1., et @i JQid anaat e hemather. Rep. 3:188): Tumor volume = [(lersgth) x (width)211 2
101531At day 3.at§te inocul,ationélr‘(h_e tumor reached an avga ge size of 200 3 and the animals
were randomly aSSigHEd TS B’ 6lips of 13-15 animals. [0X54]Liposornal CPT:1l was prepared as in
Example 8 (drugiphospholipid ratio 192 ingimmol; average liposome size 86.8 nm). Free and liposomal

CPT-11 were diluted wi ll\#g',[?-* 2_)%8%%% \él pé?%tﬁg%@‘%nilwqghceﬁ?%lg %ﬁ\ﬁ&%h? ﬁ&gﬁ{s Were injected
H 4

via the tail vein with free CPT- | - r vehicle on ays ‘and 25 post
tumor inoculation. Thé“é?u&'—‘clg a|n?ﬁ%nfgmﬁéfgi’oah%dvg%aré"é%/%grlaastu éwsea 8%!“6 8%3%&’??1’/@ per
injection, whichyig 3¢ averageofihesirses [erartedivz g ligsplie ferthe GRInLinsiydies in rodent

tumor models. . : .
poly(ethylene glycol)-oxycarbonyl)-distearoylphosphatidylethanolamine (PEG-DSPE)



10155]To assess treatment-related toxicity, the animals were also weighted twice weekly. The
observations were made until day 60 post inoculation, at which time the estrogen supplementation
pellet was exhausted. Average tumor volumes across the groups were plotted together and compared
over time. As shown in Figure 3, while free CPT-li reduiced the rate of tumor growth, in the group that
received liposomal treatment the tumors regressed dramatically. While at day 36 in the control group
the tumors reached the maximum allowable size averaging 3,500 mrn3, and at day 46 in the group

reated with res:Gud Nt NMARMSIE ML A0 MIRIRLAYeTa8e JLEE e HRSPoNt Aone of

the animals in theliposorne-treated group had a palpable tumor, 55 [01561The treatment related
toxicity was asduesearBy B tRIARIICCHf HAIPHAIS: Pt evdilghe (mguressproarfat Jrodp Fevealed any

significant toxigifyT e Méeiabh ofrinesraimata N6 £oRtehgieHRIMRS CARSiRIenHYJRetasing. There
was a slight decrease in the average body weight of the animals receiving liposomal CPT-1 |, by about

3.3%, on the d&ybY 'Y Hefiyiammantm il ierdhiadde Waepltd e Horevdrmahdisdiaifimals
reached their expestadiveigbtyThig decsepssdindiesmganhagdyuamightyvasaotstatstisalbasignificant

by Student's t-test compared to.pretreatment weight (p=0Q.274). Thus, all treatments were tolerated
without signific‘ﬁﬁ?%ﬁpc%)tgi’tirél‘% ﬁhﬁ é’f?ﬁézﬁﬁfé%ﬂ‘f‘ég% ﬁ?fgéﬁﬁué#e&%?ilﬁagﬁsé)&’ By'fGading of the
drug via pre-enireppeddieripaiyehisitheliebt substitnged caminomwppsalir(trieihyliEridomum) of a
polyanionic. biedegradable atymer. (palvRitoshnaIR) shawed exiendedblood e, sysigined release
characteristics, and increased anttumor activi y In the stu ied tumor model without an appreciable
increase in toxkeityrnEXRadPRE the Gpepparcathvectlssbivsmentiof € PDstiliokelbdelipesgphes prepared
using put-eniragegel ietavianumanikiysaltva sliect RLARGSaM izt dilgdinidipiprnd the nature

of pre-entrapped anion. [01581Two 7protot pe formulations of CPT-11-loaded Liposomes were
prepared, one bigifseethelingorBnes v@ith“ﬁ)rlﬁl‘éhﬁ%ﬁ%él TEACPHEARH breVBtHSWIIE prsiénudipped
TEA-SOS. Preparglion oftbesaibirasayaesfisiidadsing folipwing Ranufacitinthstens dQ15911)
Combining the *ids by co-dissolving in ethanol. The lipid matrix composition consisted of
1,2-Distearoyl-%ﬁ@pﬂﬁo@ﬁﬁ’éﬁ@ﬁcmﬁﬁé)? BHIGA RS 79673 BT POarRSsY. 8 198 ERolesterol
(Choi) (Mod weigyhaB8 Jizi motan pattsotdthe shodHyligidd Neéantege: methoxybpelyietsylerfer
g,lycol)-oxycarbony1)-1,2- distearqylphosphatidyl ethanolami Mol. weight 2787) (REG-DSPE) 0.015
molar parts (ap%)rgﬁ?o? Erﬁol%}ﬁ?é@g gln%lmg %Hﬁuﬁg%g%é%ﬁ%éﬁq%é‘ég&g%ﬁf roaltél?r}_ipids,
Birmingham, A@mmmbeamgla(&@ghwﬁt@' (gxiadm) Ghasdpuﬁbrﬁgéﬁﬁrbtwﬁf@albi@mnﬂ Dry lipids
were weighed with ’x&% preuacy At L0 dmauna &%%?E&P&?%@d%?%ﬁg LAINGEA0E, cpspRned with

absolute ethanol at the ratio suitable for the lipid dispersion step w. Because of the high transition

temperature of IYSPE (BERI0HsE bRaddtiton walsytypresiRfab&forhferafisbdeoorineincieatesolution was

obtained. 56 [@16Q4RdRreRaning e TEAREIRNG I BArsQS-eoltions.aediv:Ralvnbosphate
(n-13-18) was from Sigma Chemical Co.,P 8510. Sodium sucrose octasulfate was_purchased from
Toronto Resea?éﬁs@?fgW@ﬁFQWB?B e e tnHIRC M OB S HBSHNS Jparing efREacHSWIF and
dissolved in waterig provide?1.2-2.5 N solutions. Anion exchangers Dowex 50Wx8-200 or Dowex
HCR-W2 in H'-form (available from Sigma) were used to convert the sodium salts into free acids.
Before the firstyge, Ehﬁ(r%ﬁkﬁglw&mﬁ%ﬁji% LRI, §n\€94§‘t;5‘8§§o%tﬁﬂﬁsf8§81 ngil-Sa%'&‘“O”S’
followed by decanting: IS) 1.0-1.2 M aqueous HC12 times; (2) Water 2 times; (3) 1.0-1.2 M aqueous
NaOH 2 times:i{jkwamponiimes (G Yot drpgntmgpedinsdailo, YfimesimHe suspension of washed
resin in water wag packed-URdeT gravity flow in a SUigRIg §ige, ol aRRr ap ih G B to have at least
8 inL of the packed resin for each mL of the sodium salt solutions. The resin was further equilibrated

by passage of 2 column volumes of 3.0-16 M aqueoi eiomes (ug/pmol)  Efficiency (%)

Trimethylammonium sulfate 140.74 + 10.35 93.84 5.7
Triethylammonium sulfate 163.81 = 16.41 109.2 £11.6
Diethylammonium sulfate 158.16 4+ 18.34 1054 +£7.8

Dimethylethanolammonium sulfate 155.08 £ 8.51 103.4+£11.6




followed by 5 column volumes of water or until the conductivity of the eluate falls below Imicro-S. After
use, the columns were regenerated by sequential passage of: 1.-1.2 M 11C1- 3 column volumes;
3.0-3.6 M liC1- 2 column volumes; water - at least 5 column volumes, or until the conductivity of the
eluate falls below 1 ttS, and stored under 0.2-urn filtgred water at room temperature. The Pn and SOS
sodium salt solutions were applied on the drained surface of the column (approximately 1 ml for each
4 ml of the packed resin volume) and allowed to flow under gravity at the rate of about 1-2 mlimin for

the resin bed size of EXARPIE 3The GAVMR NS BSIGH W Eonvaithe Thacek aisings tasirsior
conductivity. The fraclionsevébe}in s s ighar SAMSHRIM B waessrl asled Jimore concentrated
solutions of polyacidsiaterigaeiiantdhr-colpeiiomaan start at 20-50 mS, but at the expense of

somewhat higher loss of the gradient-forming salt. In the case of polyphosphoric acid, the collected
solution is kepttEifiberakbd (4T ehtintheramirmal fiteaibndtepiresaigse wkthe dyydrblptigplestability of
the phosphodigsigr, bendakgui bl ciSaiga slalasnanid ave aipliatdasadnan 0.7 (ypically
about 0.4) and conductivity of about 120-200'mS. Optionally, thé amine titration step is performed
without delay BeEaRSE S STBIAL it/ Be OB oSphra%t bW BImE L CxgratiBiswigidainke(99.5-h%
purity) from Fisher.qin QB waserddatifiate theagidsolitiansakiaiagskéramaier %@Sﬂnge- The
normality of neat TEA was determined by potentiornetric titration. 0.100-mL Aliquots of TEA (0.100 ml)

were taken int@ IO SASHIm righeAR Phaerhnpici afaitet g tvitie G‘ﬁ’sﬂt&@ gtaRaardsolution to

the pH end poiat(glasselaaooskel eb okt rEheisalGplatadsrimakbh(Rd Mowascless trthe 57
theoretical valu%of 7.17N. A measured volume of the polyphosphoric (Pn) acid or sucrose octasulfuric

(SOS) acid softii8iClas titrated with neat TEA under the control of pl-I (glass) electrode. Thorough
stirring was required to disperse the amine. Titration endpoint was pH 5.6-6.2. The volume of added
TEA was accul@téBl recopaetitTtie paflingeros toeted! sdRitionaddis srieastiadinasdits ¢dncentration of

TEA was calcylaigg qpﬁ'@@@ﬁ%ﬁ@t&@%ﬂ@%@aE%é,\twﬂwgoéaqég%wm Wpder, \gaﬁ_@gf#ﬁq as
necessary to adjust the TEA concentration to required 0.550.05 N 01 0.650.03 I\fL as indicated below.

The amount of ReSiERI&IPSEERNAY RiftHE- O BESiRER TEN-Ph b TER B0 S <ottt WA detBfmined by
potentiometry using SOGHBIHREleative G ass-glactods (Epmnghcagsnhiaf dbeosabitianiyas diluted
with 19 rnL of Waé%,éggd the sod#LIlm. oncentrati,onE\l\ivas %?ete ined Esin%tge increg%egt method
according to th& 8 AT SRR FRAALE. SR AR R USOEPRLFAIS P EBUIUIR WREIdss than 1
miVI, typically less than 0.5 The obtained TEA-Pn or TEA-SOS solutions were passed through 02 tni
cellulose acetate sterile filter using positive pressure feed. The final pH and osmolality of the solutions
was measured and recorded. We use pH calomel micro-combination all-glass electrode for pH
measurements, and vapor pressure/dew point osmometer for osmolality measurements. The solutions
were stored refrigerated until use. [016113). Preparing lipid dispersion in the gradient-forming buffer by
mixing of ethanolic solution of the lipids with the gradient-forming buffer. The lipids were dispersed in
the gradient-forming salt solution using ethanol mixing method. All steps were performed at 60-65C.
The lipids were dissolved in 100% Ethanol USP at a concentration of about 0.5-0.6 1\4 of DSPC in a
chemical resistant glass pear-shaped flask or tube. The gradient-forming salt solution (TEA-Pn or
TEA-SOS) was pre-warmed to 60-65C and added to the ethanolic lipid solution at once, and the
components were thoroughly mixed by swirling and/or vortexing. The final amount of ethanol was
about 10 vol.%. For preparations of the scale in excess of 0.1 mmol phospholipid, the resulting
suspension was placed on a rotary evaporator at 60-65C and vacuumized with rotation until the
evolution of ethanol stopped, as manifested by the end of foam formation. For the scale of 0.1 mmol
phospholipid or less, ethanol was not removed from the lipid dispersion at this step. The resulting lipid
suspensions were kept at 60-65C and used promptly for the extrusion step. 58 1016214). Sequential
extrusion of the lipid dispersion through defined pore membranes. For the lipid suspension volumes up
to 1 trit we used a manually operated reciprocating extruder supplied by Avanti Polar Lipids. The
extruder is charged with 19 mm track-etched filter membranes and thennostatted by virtue of a metal
heating block. For the volumes from Ito 10 mL, we used a thennostatted, gas pressure operated,
unidirectional flow extruder from Lipex Biomembranes. The extruder is charged with 25 mm filter
membranes. The lipid suspensions were repeatedly extruded at 60-65C using manual feed or argon
gas pressure, as appropriate, through a series of 2 stacked polycarbonate membrane filters (the filters
from Corning-Nuclepore and Osmonics Corp. were equally suitable) having nominal pore sizes of 100
nm, 20 nm, or 50 nm. Where the effect of liposorne size was of interest, the extrusion was stopped at
100 am, 80 mu, or 50 nm step. The exact type of filters used and number of extrusions is indicated
below for each experiment. The extruded liposomes were kept at 60-65C for about 15 min. and quickly
cooled down to 2-4C in an ice bath. After about 15 mim in the ice bath, the liposomes were allowed to
reach room temperature. 1016315). Removal of extraliposomal gradient-forming buffer and transfer of
the Liposomes into a drug-loading buffer Non-encapsulated gradient-forming salt was removed, and

the liposomes were transferred into the drug loading buffer using size exclusion chromatography
(REC Tanneaential flow filtration hollow fiber dialvveie of nthear cealahle octen fran he 1iced in eceale-iin




[016517). Removal of uneneapsulated CP 7'-1J, transfer of the Liposomes into the storage buffer, final
filtration, and storage. Unencapsulated drug was removed and the liposomes were transferred into the
storage buffer using size exclusion chromatography. The storage buffer contained 20 mM HEPES, 135
mM NacCl, pH 6.5 (adjusted with NaOH) in water, and was 0.2-micron vacuum-filtered before use.
Gel-chromatography. on Sephadex 0-75 (Amersham Pharmacia Biotech) was performed essentially
as described under Step 2 above: CPT-11 liposornes eluted from the column (void volume fraction)
were assayed for liposome phospholipid and CFT-1 | (by spectrophotometry, see Examples 70 and
71), and volume-weighted mean patrticle size by QELS. The drug concentration was adjusted, if
necessary, to be in the range of 2.0-4.0 mg/mL. The liposomes were filtered through 0.2 micron
polyethersulféAdsstelitadinereambissapiidmiransp anbeatimpecdirmsaBs yprsisdiene vials (Corning
Cryo-Vials) osuBiREdineklsdiefycap doypsiicae dcnthcgiass Malsstirappriodmately 70-80% of the vial
volume. The ";0’0; -i-; bt o u .s ofality, - dru T s : i 2. Effect of
drug/lipid ratio on the drug Igaéing efficiency and in Vivo drug rete ng
liposomes 10ABBiBEShes with entrapped aditiBdl(k 0.65N RGRIIBEPSF TEA-PHIHES 1% 0smolality

531 mu-Lot/kg,wereiprepared following the procgglure of Exappple.bly The 60 ligid dispersion was
extruded ten times through two stacked 100 nm pore size polycarbonate filters. Liposome lipid matrix

also incIudedT{%?fM?@l—’leE at 05 mCilmmol phospﬁé)?ipid. The | 68§Siﬁegsize befo?g'ﬁ?u"g%ading was
98.5 34.3 rumihdipbssmeswere loaded at initi@p drug-to-ph@sphdlipid ratios 852004300, 400, and
500 mg CPTA;mpglpbospholipid. The drug ang-phospholipid gmpunts in the §pesonges were
determined by spectrophotometry according to Example 71, and_by phospholipid

extraction-dig}é’§ [BIBil& phosphomolybdate assal’of Examplie®72t Fédbectively! #0691 To evaluate in
vivo drug reldasepatejdmenmethod of Example 8 §#&s followed.s¥8e gosomes weie infected via tail
vein into 6-wegkRld female pivissowensier mice {ppdy weight38-22-3) at a dogg; qf.5mg CPT-1 1/kg.

At 8 and 24 hours post injection, the mice, in grougg of 3, were anes%hetized, and exsanguinated via
open heart pdAcRFE FREBHod was mixed with O iriL of ice ddId0/04% EDTATHPES the blood

cells were sepadvatedry@gehtdfugation, and the plsma concenfizatioh.®f CPT-1 Povas fizasured by

spectrofluoroggtnyas described in Example 71. Ligid was defegmingsdpy measyging. e amount of
[311:1-CHE using quenching-corrected liquid scintillation countin(fqd,E and the amount of drug retained in

the iiposomed WaE¥RaI88 by dividing the detéffhined drudAfid o by the drUGigi8 ratio in the
injected lipostrineshyBepausecof the fast blood cleztance of fresOPI6E 1, resulting i@ blood level,
we assumedthat-altassayed-drug-was-inthetiposomat-form-16168fThe resuitsarepresented in

Table 8. The differences between drug retention among the groups were not statistically significant. As
a result of these stubiesMRERénErfaatr teatahtietheiap iy g bR 3phe sad Mhmol will not
adversely affect erf@lfbté{’dﬁng or in vivo stability. This ratio was adopted for further studies. Table 8.
The effect of grygipid [atie Bhe G BH3RIRG @mc%n yiveArdshreieRtion imbingiecan TEA-Pn

liposomes (average + stanqlar/gl dewatlongiDrdugRipSi, ratigf1 taglr}réuol phospho(lii,pidl 1Cll:)rug remaining in
it injection vailE THELS GRS pEBLRRined fom Siema Chemical Company) Was dissolve
in water to a concentration of about 1.3 M phosphate. The solution was passed through a

column packed with 120 mL of sulfonated polystyrene-divinylbenzene copolymer cation
exchange resin beads (Dowex S0Wx8-200, Dow Chemical Co.) in the hydrogen form.
The column was pre-equilibrated with aqueous 3 — 3.6 M HCl to bring the resin into
hydrogen form, and washed with deionized water to neutral pH. Fifteen ml of the sodium
polyphosphate solution was applied on the column and ejuted with deionized H,O. The
column eluent was monitored using a conductivity detector. The column outflow
corresponding to the conductivity peak was titrated with neat triethylamine to pH 5.5-6.0.
The solution was analyzed for residual sodium by potentiometry using a sodium-sensitive
glass electrode and for phosphate content using an inorganic phosphate assay as in

Example 1. The solution having residual sodium content of less than ! % was diluted to a



% loaded 1 After 8 hours After 24 hours 200 205.4 104.2 54.69.9 9.772,2.23 300 286.3 95.4
85.2-4-14.3 ) 14.52+2.51 348.8
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final phosphate concentration of 0.55 M. The solution typically has a TEA concentration
0f 0.52-0.55 M, pH of 5.5-6.0, and osmolality of 430-480 mmol/kg

EXAMPLE 5. Removal of unentrapped polyphosphate salts from liposome
preparations.

{0130]  Liposomes (120 nm in size) with entrapped fluorescent marker 8-
hydroxypyrene trisulfonate were prepared according to Kirpotin, et al., Biochemistry
36:66-75, 1997, and mixed with the solution of sodium polyphosphate. The mixture was
loaded on size exclusion columns containing cross-linked dextran beads (Sephadex G-
75), 6% agarose beads (Sepharose 6B-CL), or 4% agarose beads (Sepharose 4B-CL), all
from Amersham Pharmacia, and eluted with MES-Dextrose buffer (pH 5.5). The
effluents were assayed for phosphate content using the phosphate aésay of Bartlett (1959),
and for the liposome content by spectrofluorometry. Of the studied gel-chromarography
carries, Sepharose CL-6B provided complete separation of the polyphosphate from the

liposomes at the sample/column bed volume ratio of 13.

EXAMPLE 6. Preparing solution of triethylammonium sucroseoctasulfate

(TEA-SOS).
[0131]  Sodium sucrose octasulfate (equivalent weight 144.8) is the sodium salt of
sucrose derivative in which all hydroxyl groups have formed sulfuric acid esters. Sucrose
octasulfate (SOS) sodium salt was purchased from Toronto Research Chemicals, Toronto,
Canada, p/n S699020. Six grams of sodium sucrose octasulfate was dissolved in 16.57 ml
of deionized water to give a final concentration of about 2.5 N of the sulfate groups.. The
solution was treated by ion exchange as in Example 4. The solution of
sucroseoctasulfuric acid obtained as an ion exchange column effluent was then titrated
with neat triethylamine to pH 5.7 (neutralization point), and the pH and osmolality of the
solution were determined. The resulting solution had the calculated triethylammonium
concentration of 0.643 M, pH 5.7, and the osmolality of 530 mmol/kg. The presence of

residual sodium was undetectable by potentiometry (less than 0.1%).

EXAMPLE 7. Liposomes loaded with Irinotecan (CPT-11) using substituted
ammonium salts: preparation and in vitro drug release in the presence of
blood plasma,

[0132]  In this example, sulfate, citrate, pyrophosphate, triphosphate, and linear

polyphosphate (13-18 mer) were studied as anions in the liposome-entrapped substituted




87.2 81.5+18.3 117.312.6.14 500 518,9 103.8 113 4741.44 61 EXAMPLE 13. Drug loading
efficiency of CPT-11 loading into TEA-SOScontaining liposomes: effect of Liposome size and in vivo
drug retention in mice. 101691Liposomes with entrapped solutions containing prepared as in Example
11 using gradient forming solution having 0.643 N TEA-SOS, pH 5.7, osmolality 530 inmol/kg. Lipid
dispersion was extruded ten times through two stacked polycarbonate filters with the pore size of 50
run, 30 nm, or 100 nm. Liposome lipid matrix also included [31-1]-CHE at 1.5 rnCilmmol of liposome

phospholipid. TheIRASAME: SAGWAS 9SiaIREMLAYDYICHANL S6alicHngr 13 liposomes Were
loaded with CPT-11 at initial drug-to-pho.spholipid ratios of a%?roxmateJy 550 mg Irinotecarilmmol of

phospholipid. T eFigabaean Hie 8Tl B LY QYS! BANRUY AT 58 e 3 ABRRFSA Examples
70 and 71. 19%3Q1keRalaawiss i ebster Jpice (8-, weeksx average: e A0 ams) Weke injected via

tail vein with these CPT-]| | liposome formulations at a drug dose of 10 mg/kg. The mice were sacrificed
at 24 h and the'BosH%: §%8ﬂ8§ié’§ R aBE TSI PP PPERP RIS SE O NSTdE s R Bkample 11.

The results areogismpoBized inakableQydlakle detrinotepandeadirgdnd in vivo drug retention in
TEA-SOS liposomes

[0133]  The following materials were used for preparation of salt solutions.

1. Sodium polyphosphate, NaO-[PO;Na],-Na, n=13-18, purchased from
Sigma (Product No. P-8510, “Phosphate Glass, Practical Grade™, also known as sodium
hexametaphosphate or by the brand name CALGON);

2. Pentasodium tripolyphosphate, NasP3Oyg, purchased from Sigma (Product
No. T-5883); 3. Tetrasodium pyrophosphate decahydrate, NasP,O7 10H,0,
purchased from Sigima (Product No. P-9146).

4. Ion exchange resins Dowex 5S0Wx4 (4% cross-linked sulfonated
polystyrene resin, 100-200 mesh) purchased from Sigma (Product No. 50X4-200) or
Dowex HCR-W?2 (8% cross-linked sulfonated polystyrene resin 50-100 mesh) purchased
from Sigma (Product No. I-8880) were used interchangeably. The resins were washed by
decantation in the following order: three times with deionized water, twice with 1N HCl
(3x excess over the resin by volume), three times with water, twice with IN NaOH, three
times with water, three times with 1N HCl, and three times with water. After the
decantation, the resins were in H'-form.

5. Trimethylamine (TMA), aqueous solution 40%, from Aldrich Chemical
Co. (Product No. 43, 326-8). The concentration was established by acid titration to be
around-5.9 N.

6. Triethylamine (TEA), 99%, HPLC Grade, from Fisher (Product No.
04884). The concentration by acid titration was 6.9-7.1 N. ‘

[0134]  Water was purified through reverse osmosis, ion exchange, and organic

removal to achieve organic free “16-18 MOhm™ quality.

[0135]  Agqueous solutions of pyrophosphate, triphosphate, and polyphosphate salts
were prepared by ion exchange method. Solutions of sodium polyphosphate (3g in 25
mL of water), pyrophosphate (4g in 27 mL of water), or polyphosphate (6.7g in 30 mL of

water) were loaded on the column containing 100 mL (bed volume) of the ion exchange



Extrusion membrane pore size, um 50 80 100 LiposomeDrug load. mgDrug, remaining in the 1 ...
,,i'f.e., urnirinorecankmolfiposnmes alwr 24 mean SDphospholipidhours in mice, % of .pre-injection
value S7,6.128,1579.31 2,4.2' 79.22.S _ 5115.1 571.169.782.6: ").1 (0,8115.2C %77 327(86.2 ..
7.7 101711Surprisingly, the liposomes with hiethylgmmonium salt of sucrose octasulfate, a
non-polymeric polyanionized organic hydroxylated organic compound (sugar),

resin prepared as above. The column was eluted with water, and fractions were collected.
The fractions showing acidic pH (pH<3) were pooled. Triplicates of 0.5-mL aliquots of
the pooled fraction containing the phosphate acid were diluted with 20 mL water and
titrated with 0.100 N NaOH to the end point of pH 4.5-5.0 (Ffsher analytical solution) to
determine normality. The pooled fractions after ion exchange were titrated with
trimethylamine (to obtain trimethylammonium salts) to pH 5.4-5.5. After titration, the
solutions were diluted, if necessary, to obtain a final concentration of

trimethylammonium close to 0.5 N.

[0136]  Trimethylammonium and triethylammonium sulfates were prepared by
diluting 1.39 mL of concentrated (17.9 M) sulfuric acid with 80 mL water, and titrating
the diluted solution with neat triethylamine or aqueous trimethylamine under the control
of a pH-meter to equivalence point (pH 5.1-5.5). The volume was adjusted to 100 mL

with water.

[0137]  Trimethylammonium citrate solution was prepared by dissolving 1.572 g of
citric acid monohydrate ACS from Sigma (Product No. C-1909) in 20 mL of water, and
titrating the solution with aqueous trimethylamine to the point of equivalence. The

volume was adjusted to 25 mL with water.

[0138]  The solutions were filtered through a 0.2-um cellulose acetate filter using
positive pressure. Osmolality and pH of the solutions was measured using a vapor
pressure osmometer and glass-calomel electrode pH-meter, respectively. The normality
of the anion in the phosphate solutions was determined by blue phosphomolybdate
spectrophotometric assay (see Example 70) after acid hydrolysis (5 min. 100 °C, 3N
H,SO4). Anion normality took into account only the acidic functional groups that are
substantially ionized at pH 5.5. Cation normality was determined on the basis of the

added trialkylammonium base. The obtained solutions had the following properties
(Table 4):




provided dramatically better (4-5 fold) in vivo drug retention in liposomes compared with similar
liposomes with a polyanionic polymer (polyphosphate). EXAMPLE 14. Blood pharmacoltinetics of
CPT-11-loaded SOS-TEA Liposomes in rats. 101721Liposomes (100 nm extrusion membrane pore
size) were prepared as described in Example 12 The liposomes was administered intravenously at a
dose of 10 mg CPT1 I/kg to two nine-week-old female Sprague Dawley rats (Harlan) (body weight
about 200 g) with indwelling central venous catheter at a dose of 10 mg CPT-11/kg (17.6 62 tnnol of
phospholipidsikg). Blood samples were taken at prescribed time points and analyzed for drug and
liposome lipid Eabitetht BEohptiraaipiebsitTied aamonere @lpidssensdethd Dol injaedt il dose/nil of
plasma and the % gug retained inside the liposome at each time point, plotted against post injection
time, and half-lives for I|posome I|p|d as weII as half lives for drug release from the liposomes, were
calculated by-best-fitto-amoneexpenen nede . B). :
CPT-l | loaded®>TEA-SOS I|posornes W%f%“%%@%ﬁ’?’ muEhOAGEPtHEN th% of the S|m}i?aryrEA PN
liposomes. EXAMPLE 15 Ant|tumor act|V|ty of free CPT 11, and CPT 11 encaps(udMedlqglo TEA Pn
and TEA-SOS=conta tposome Ry e ce-hearing-stbeutaneo
colon carcmon@”(@l Gf”%) [0173)The Ilposorﬂéé were prepare?ml 5 in Examspfe 11 using
solution with 0969 MsiliEAs pH 6.1, and osmolakty 531 nu-not/kgsor TEA-SQJ solution with 0.643 M
TEA, pH 5.7, smol I|t)<ﬁ?30 mmol/kg. The xtrusion mclﬁ glo pass ges throug gﬁt o stacked
polycarbonate Fnepore size 10 n The resulti g5 EA-Pn a (fTEA SO r)/osomes had
the size of 1121MA5rﬁomupantd 120.5+42.5 ningTespectively (ndegn+ SD of ilve size distiisution). The
liposomes wer. de PT 11 atthe i drug/phosph s ratio of 300 mg/m é The
resulting I|pos(;‘f'rnl\/?¢i,§l %6%/ grug content of ZP%SG +26.5 (93o/?lggjd|ng efflcfilgncy) and ?g 9+22.5 mg
(100% Ioadmg“é&ﬁcﬁ@!h“@y) of CPT 11/mmol pﬁdvﬁphollpld for thé TEA- Pn an‘iﬁﬁEA SOS?é)?muIatlons
respectively. [0
and propagated in DMEM medlum supplemented with 10% fetal calf serum, 50 II/ml pen|C|II|n G, and

50, ughrtf, of stfdgfimycihdatiatel ap8PEP Sy womisasedmmended B?‘%hé’@tﬁépﬁé?bN@R nubm

homozygous afymic nalenudednies (G meskeldwasiaht @dpast 16.8kwers aktaipsehiigm Charles
River. The mice were inoculated subcutaneously in the right flank with 0.1 mL of the suspension

containing 5 x188'E&lksidpdinted v tite gotiritetidmitRodtattibiotedcEBiar tayter the

animals haVInqﬁwneratwmwlmmmegejwe{em;mﬂa m&ameﬂ?.ﬁemmow.e (eiassigngchie ¢gh@ldreatment
groups accordln%8 fo%om ethgﬁ Tpe an ?lvi&e ra I§ed accordmg % thte tIpmor size, and
divided into 6 ¢X g é‘&y Mers SEHEGPBURS SPRTERRAISr8tp were
fanned by randobalyasélectingt (ﬁ)ié’@r(ﬁrﬁahﬂmmxeiabh zmzles oaﬂe/gmapometﬂ\at iedeachpiresatment group all
tumor sizes were e lly repres S st vein
injections, at the .n%%lé\?%r?% o\@ Oé%ys 0 (t)%’:::fo ( ‘égﬁfﬁéa%gﬁoﬂ‘é‘e m(r%%tr(%%%&[l}f{ %6)1 c?%#ed saline
pH 6.5); 2) Free:@PTy1 350 mig)key, ﬁﬁﬁ@lﬁmefwaa@ﬂ@éhwppfépaﬁred 5 rngimL solutlon in unbuffered
physiological saline; 3) TEA-Pn hposomal CPT-11 at 25 mg/kg per injection; 4) TEA-Pn liposomal
CPT-11 at 50 mo/Ag perl)la;ac;ti@mlﬁbsl'@ﬁ»@@ﬁt&p@@ogaal&mmqg At @6 me/kaqpeoinjeation; 6)
TEA-SOS I|posop1al CPT- tSOI@%é]k% per |nj anlmal eight and.tumor size were
monitored twm%ovb'e@kfyat g?fbed &artﬁple 6 ”‘T“ne v(\)/rer?éiﬁt of't lﬁ%%us was'8lbtracted from the
animal welgh|n@méswtseimob&tamapma&lsbmdyywembtﬁsfﬁharmm&stmtefobsemwoﬁ)ir@aldgys
following tumor ineelafion. Whendbe. fmors n e aipup eached 205 pfthe motise badyyweight, the
animals in the group were eutﬁ%lzeén hefe were omp éte tumor egressmn In some groups without
the signs of turaidr&griswihrantites entent Hteitlyidriventssivasfironr thdadihboiirmsddéatibn site from these

animals were cgllactsdancbRIGRENMRRIPFAAthRIogIRah _RNANSIS far eRUN AL IIRONARNSan,

pore size 0.1 pum) using a manually operated reciprocating extruder (Avanti Polar Lipids)
heated at 60 °C.

{0141}  The extruded liposomes were kept at 60 °C for five minutes and quenched in
ice water (0-4 °C) for five minutes. Then, the liposomes were separated from the
gradient-forming salt solution into the loading buffer MES-Dextrose (50 g/L of Dextrose
ACS, 0.975 g/L of 2-(N-morpholino)-ethanesulfonic acid (MES), and sufficient amount



101751The results of this study are shown in Figures 6 and T Free CPT-11 had only minor effect on
the tumor growth. All liposomes had pronounced effect resulting in tumor regression later followed by
regrowth in most animals. 50 mg/kg dose was more effective than 25 mg/kg dose in both TEA-Pn and
TEA-SOS CPT-I | liposomes. Average tumor doubligg times calculated from the tumor size data
(Fia.7) were: control - 4.2 days; free drug, 50 mg/kg -4.8 days; TEA-Pn liposomal drug, 25 mg/mg
-43.6 days; TEA-Prt liposomal drug, 50 mg/kg - 47.5 days; TEA-SOS liposomal drug at 25 mg/kg -
48.2 days, andoF EX-Sei5lipasorgal g ab 20 ynghkg hrovardptpay s dephlitg e was not reached).
Thus, liposom I‘CPT-I:eLS%regglrrgandt?ccor ing to t}ge (ft)resgnt inve}qtlo was a% (!ﬁast abOl% 0-fold more
active than the }%%S(a}rjug, ven at the game 4ose and's alggﬁoﬁ(l%.a[fn%xpe%?e f/:,c? A8YS cPT-11
liposomes weregunominently more effective in reducing tumor growth than TEA-Pn CPT-I | iiposomes
administered at the same dose. While in the groups treated with free drug and TES-Pn liposomal drug
at 50 mg/kg pefpipiggtiontheng Wﬁ(%@@aﬁﬂ%%&%%@}j%%%%@%ﬂm@ e @rRLBSHRCeivVing 25
mg/kg of each liposornal formulation, one animal (9.1%) was tumor-free at the end of study, and in the
group receivingc%g”ngﬁﬁﬁéfWEW%é%“ﬁﬁ%‘é%mI £ 1o LN SH: e theke it BRIy R nimals
(36.4%) were tymarsfiggwitkigat-sighsef Teig roviion 6h{Rdiked We eragpmaiitsstedseme toxicity. The
animals receivipg free CPT-11, but not liposomal CPT-11, experienced temporary morbidity (loss of
alertness, hum@gaﬁ%gﬁljlfg?rrmﬁéglﬂﬁ tagﬁ?ggggé%%imﬂﬁ%%oﬂ?@ﬁéﬂ%?%%? drag injection. The
animals receivipigpfrée PRS- Theuffered pesrmanentdass Hf @lhoutGlerdhieigit durisigitseatment, and
did not recover, The animals receivin th liposomal CPT- rmulations experien ransient
Wweigitfoss at 4 Lo B e s L AR SRR o about
9% (at 50 mg/kigy vfathe Pretreathhe ipvstuessariticesvemuiadyrandineehpormallwedghtgThyegefore, the
toxicity of I'posgmam{&gqaw&%{?fe{@emwﬁhﬂgﬁb@élt%me&-L@@ﬁ%mgwﬁugea\e{m@té@e efficacy of

the liposomal drug was substantially higher. The weight loss was reversed when the drug treatment

was finished, affdHaN & vscbRie rel IHEP IFSRGHEWItRIS T tBiHIAF orBifitpoPhesabdwaths. Later
on, the animalsigaipad-weight soRcemifantysyite tmaE regressions. In the saline :;ontrol group,
animals that developed large tumors experienced weight loss evidently due to tumor-related morbidity.

Overal, the ingspix e dhig lprauationliers e dgesogsed mlo e dnosgrmes aving
pre-entrapped anionized sugar (sucrose octasultate) proved to be't 2’ most éfficacious while
having less toxisitsetivan thenbnulipo sbamal wrugudixpay RLBE WSS FToxichyoffieaddipesemal CPT-11

in mice. 10177 Acuia toxieitiesof fiae, Gl \LLsandipesamerencansyiaied &l 1 prapgred according

P.
to the present invention were compared gy determining the maximum tolerated dose (MTD) following
single i.v. injectiBliasretGiale frnEn s ey iafee PlorTB1Ms e Bl BwisH Fidteraléere used:

1017911) CPT-kA{ieetscanddydipehigiide) preparation-havinglinetecancHydrochiprige 98.9% by
EIPLC, and moisture 7.6%. In_this stu‘ﬁ%/ drug formulations were Brepared on the "as is" basis, without
correction for ti& MBTSHIFE (ortdiht B T ROTSEAK RS EOREERL- 16Y 861 R BdeSHEI CRPT-11
(Ls-CPT-11) was prepayedaspireua@tiptes] dsaisinsntipidubatdoafD&SRE 206 fmeh. pantsGholesterol
133 mol. parts, PEG-DSPE 1 mol. part; entr d solution TEA-SOS having 0.65 NI TEA, pH 6.4;
drug loaded int“o%%%%%m%g}% Iﬂﬁ\lff ﬁ@&f’% u fénrﬁga% gglé%(etrlglsées,%[?ﬁ(%%,eal %‘6%? orhﬁ’ﬁsr?%e%t the input
drug/lipid ratio "HES@OSHMQ@dMgﬁIﬁWbI@T_ ply_ltgsbﬁuﬁmdtogmﬂbngﬂefﬁ@mWwaslha@@%&"/hiposome siz_e
(volume average mean desianriardeviaton by, QLY. 0 3E0M, LiBgsames e prmulated in

the vehicle, 20 mNiIl H S-Na, 135mM NacCl; ptl 6.5. Drug concentrations in the injectéd formulations
were as stated WMHREFASE g brlbi4 buffer (HBS-5). The liposomes appeared at the void volume

fraction, while plasma proteins and released drug (if any) were retarded by the gel. The
liposome fractions were assayed for CPT-11 and phospholipids, and the
drug/phospholipids ratio (output ratio) was determined. Readings of the blank samples
(plasma only) were subtracted from the readings of the liposome-containing samples.
Percent of the drug remaining in the liposomes after the incubation was determined by
dividing output drug/lipid ratio by the input drug/lipid ratio (drug/lipid ratio prior to

incubation with plasma). The loading and release data are summarized in Table 5.




1018113) Free CPT-] | solution. Free drug stock solution was prepared by dissolving Irinotecan
Hydrochloride in 5% aqueous dextrose at 22 ing/mL, and sterilized by 0.2-urn filtration. This stock
solution was diluted with sterile 5% dextrose prior to injection. [018214) Animals. Female Swiss
Webster mice, 6-8 week old, were from Harlan. USA. 10183]N1TD determination generally followed
the protocol adopted by the United States National Cancer Institute Developmental Therapeutics
Program. The protocol included the following three steps: 101841Step I): Range-seeking step with the
dose escalation factor of 1.8. The groups of two animals were injected into the tail vein with increasing
doses of the free or liposomal Irinotecan, beginning with the dose of 60 mg/kg, and continuing with the

dose escalatioq,factor,of: 1 8¢ UBYL ACHES OUAILY ORI RIRURAIAHAIAIN (IO 24 fay post injection) is

observed in any of the animals. The dose one step below the mortality/terminal morbidity dose is
recorded. [0Y4F1 8357 PF: thEATHB IR ERREG s v #HE'#8%% escalation factor of 1.15. The atups of two
animals werennggiectinto e tail vBdowithcinarpasing gases ohtie fiiesafdiposopakitinotecan,
beginning with the dose recorded at Step-1--and-con Suz; 'm eose€ r'mal or-of 1.15,
until acute mortality or terminal mor||typ(within ) d)ay post injec%io?ll) is observed in any of the
animals. The dose one step below & mortality/tefirieEyiietbitityy dose is retsibeddgtétative MTD.

[01861Step ¥ aligaton step. The groupsef b anumalsis injected vk gail veinyigth fogg or liposomal
Irinotecan at ative MTD determi atStep 2. T imals are_ folloyed f days, the animal
body weight iqts%?eéja?a%%? [?‘l%:té Week%/%gzn:a9§&ompa9r%§I %v%ﬁ the p}re%i%jgeé%gc\)ln Wé)i;ﬁft @{e?neral health of
the animals i$Mdbgephetblialertness,gfddming, feddihg, excretal&kih, fur, ancdPimiticous membrane
conditions, afmpulation, breathing, 66pasture). likdyringsthe obggryatipn perigg) there is no mortality,
progressive morbidity, or weight loss in excess of 15% of the pre-injection baody wejght, the dose is
considered td Vé{%éeated as acute %1nlg1cegi%jecti<§?1‘ﬂl\ﬁ4ﬁ If anﬁosf%ﬁ:ess'% effe%?s5 étcgc r, the experiment
is repeated at the next lower dose by a factor 1.15. [01871To obtain additional statistics for validation
step, the body weight dynamics of surviving animals was followed for up to 11 days post injection. The
dose of more than%ﬁ‘ §"1%801J ey gﬁéf’i?hgl’é@%ﬂ%@?ﬁfﬂd% |b%%‘ Hawitéster because of the
concentration and E?/é‘ﬁg ﬁR/@Itﬁh%'é"?la [t AP ORTE rELE STE5: ala
seeking study of C Jla Y Yormurations in mice.

{0144]  While camptothecin liposomes may show acceptable drug leakage in blood

SEAEEREEYS Table 10. Table 10. MTD

plasma in vitro, the drug may leak more quickly in the blood circulation in vivo.
Therefore, a panel of CPT-11 liposome formulations was screened for drug stability in the

blood circulation in vive using a single time point assay in mice.

[0145]  The liposomes were prepared and loaded with CPT-11 as described in Example
6, with the following modifications. Instead of using PEG-DSPE from Shearwater
Polymers, we used similar PEG-DSPE from Avanti Polar Lipids. To afford
quantification of the liposome lipid matrix in the blood/tissue samples, a non-
exchangeable radioactive label, [*H]-Cholesteryl hexadecyl ether ([*H)-CHE;

(Amersham, USA) was added to the chloroform solution of the lipids in the amount of
0.25 mCi/mmol of phospholipids. The lipid solutions were dispensed into Pyrex tubes at
12 mg of DSPC/tube, and lipid films were formed by rotary evaporation/vacuum drying.
Lipid films were hydrated in 0.7 mL of the gradient-forming substituted ammonium salt
solutions. Lipid concentration in the liposomes with entrapped phosphate-containing
salts was determined by radioactivity scintillation counting. The preparations without
entrapped phosphate-containing salts were also assayed for phospholipids without
extraction as described in Example 70, and used as lipid radioactivity standards. Portions

of the liposome-drug mixtures prepared for the loading were saved and assayed to
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confirm the pre-loading ratio of the added CPT-11 to the liposome lipid prior to loading
(“input ratio”). Volume-averaged mean and standard deviation of the liposome size
distribution were determined by quasi-elastic light scattering (QELS) using Gaussian

model. The properties of these liposomes are summarized in Table 6.

Table 6. Characterization of CPT-11 loading into [3H]-CHE—labeled liposomes for in
vivo stability study

Entrapped salt solution  drug/lipid ratio  drug/lipid ratio  loading liposome size,

before loading  after loading efficiency (%) (meantSD) nm

TMA citrate ‘ 1592+£3.5 156.7+3.6 98.5+44 12214253
TMA sulfate 156.1 £2.5 156.1 £3.1 100.0+ 3.6 122.2 +28.4
TMA pyrophosphate 164658 156.6 443 952+ 6.0 121.1£19.9
TMA triphosphate 163.6 £5.7 156.0+3.2 95353 1224+ 129
TMA polyphosphate 170.5+ 8.0 162.4 4.0 95.3%6.8 123.0+ 127
TEA sulfate 153.4£3.3 1549449 101.0£53 121.1%18.0

[0146]  Six-week-old female CD-1 mice (Charles River) received tail vein injections of
these liposomal CPT-11 formulations at the dose of 10 mg/kg (0.2 mg CPT-11/mouse) in
duplicate. Eight hours later, the mice were anesthetized and exsanguinated through open
heart puncture. The blood was collected into heparinized syringes (10-20 ul of 1000
U/l heparin USP) and transferred into weighed tubes containing 0.4 mi of the
phosphate-buffered physiological saline solution (PBS) containing 0.04% EDTA (Gibco
BRL), kept on ice. The tubes were weighed to determine weights of the blood samples,
blood cells were separated by centrifugation at 9,000g for 5 minutes, and supernatants
containing PBS-diluted plasma, were saved for drug and liposome lipid assays. CPT-11
was quantified by fluorometric assay (Example 71). Liposome lipid was quantified by
quenching-corrected radioactivity scintillation counting. The liposome and phospholipid-
radioactivity standards were counted in parallel with the plasma samples. Percent of the
drug that remained encapsulated was calculated by dividing the drug/radioactivity ratio in
the plasma samples by the drug/radioactivity ratio of the injected liposomes. Due to the
fast elimination of free CPT-11 from the blood (see Example 69) and the known stability
of the PH]-CHE against lipid exchange, the assays' readings were considered indicative

of the blood content of liposomal CPT-11 and lipid. Percent of injected lipid dose (%
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I.D.) remaining in the circulation was calculated assuming 100% of the injected bolus
entered the circulation; blood volume being 6.3% of the mouse body weight, and

hematocrit of 45%. The resulis are summarized in Table 7.

Table 7. In vivo stability of CPT-11-encapsulation and circulation longevity of CPT-11-

loaded liposomes in mice at a single point (8 hours) post injection. %1.D., % of injected

dose.
Liposome-entrapped salt Drug/lipid ratio, % of Liposome lipid,
pre-injection value % 1.D. in the blood

TMA citrate - 802478 18.8+3.4

TMA sulfate 70.1 £ 4.8 23.6x1.8

TMA pyrophosphate 67392 232£3.1

TMA triphosphate 70.6 £ 6.0 249+8.2

TMA polyphosphate 107.5£ 8.9 243+34

TEA sulfate 76.6 £ 13.1 23.6%0.1

[0147]  All preparations showed the level of drug encapsulation after 8 hours in the
blood in vivo at 70-80% of the pre-injection level, while the liposomes containing

polyphosphate were the most stable (drug encapsulation remains at about 100%).

EXAMPLE 9. Blood pharmacokinetics of CPT-11 liposomes prepared using
riethylammonium polyphosphate.

[0148]  The formulation of liposomal CPT-11 using triethylammonium polyphosphate
salt was prepared as outlined in Example 3. The lipids — DSPC, cholesterol, and N-
(methoxy-poly(ethylene glycol) (M.w. 2000)-oxycarbonyl)-DSPE (PEG-DSPE) (all from
Avanti Polar Lipids, Inc.} — were combined as dry powders in the molar ratio of 3:2:0.015
and dissolved in 100% ethanol (USP grade, approx. 0.15 mL/100 mg of the lipids) at 62—
65 °C. For pharmacokinetic studies, *H-cholesteryl hexadecyl ether CH-CHE, obtained
from Amersham Pharmacia) was added to the lipids in the amount of 0.5 mCi/mmol of
phospholipids as a non-exchangeable radioactive lipid label. The aqueous solution of
TEA-Pn (0.5 M triethylammonium, pH 5.7-6.2) was prepared as in Example 4. TEA-Pn
solution (10 times the volume of added ethanol) was mixed with the lipid solution at 60—
65 °C and stirred at this temperature until a homogeneous milky suspension of
multilamellar vesicles was formed. This suspension was extruded 15 times through 2

stacked polycarbonate track-etched filters (Corning Nuclepore) with the pore size of 100
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nm using argon pressure extruder (Lipex Biomembranes) at 60-65 °C, and resulting
unilamellar liposomes were quickly chilled in ice and then let attain ambient temperature.
Ethanol and unincorporated polyphosphate salt were removed by gel chromatography on
Sepharose CL-4B column eluted with MES-Dextrose buffer (5 mM MES, 50 g/L
dextrose, pH adjusted to 6.5 with NaOH).

[0149] A stock solution of CPT-11 (Irinotecan hydrochloride) containing 20 mg/mL
Irinotecan base in water was added to the liposomes at a drug/lipid ratio of 150-200
mg/mmol phospholipids, and the mixture was incubated with occasional agitation for 45-
60 minutes at 60-62 °C. The incubation mixture was quickly cooled down and incubated
for 10 minutes at 0 °C, then allowed to attain ambient temperature. 1/20 of the volume of
2.88 M NaCl was added to adjust to physiological ionic strength and improve the removal
of membrane-bound CPT-11 (as opposed to the drug encapsulated within the liposome
interior). Unencapsulated drug was removed by gel chromatography on Sephadex G-25
or G-75 column (Amersham Pharmacia) eluted with HBS-6.5 buffer (5 mM 2-(4-(2~
hydroxyethyl)-piperazino)-ethylsulfonic acid (HEPES), 144 mM NaCl, pH 6.5).
Liposome fractions eluted in the void volume were combined, sterilized by 0.2 micron
filtration, and stored at 4-6 °C before use. The liposomes were characterized by lipid
concentration, drug concentration, and particle size as in Example 7. The liposomes had
the average size of 108 nm and CPT-11 content of 139 + 18 mg of CPT-11 base per mmol
of phospholipids.

[0150]  The longevity of the liposome lipid and liposome drug in the blood and the
characteristics of drug release from the liposomes inn vivo were studied in female Sprague-
Dawley rats (190-210g) with indwelling central venous catheters. The rats were injected
with a 0.2-0.3 mL bolus of *H-CHE-labeled Irinotecan liposomes (0.05 mmol
phospholipids, or 7-8 mg CPT-11 per kg of the body weight). Blood samples (0.2-0.3
mL) were drawn at various times post injection using heparin-treated syringe. The
withdrawn blood volume was replenished using phosphate buffered physiological saline.
The blood samples were diluted with 0.3 ml of ice-cold PBS containing 0.04% EDTA,
weighed, and the blood cells were separated by centrifugation. The supernatant fluids
were collected and assayed for CPT-11 using the fluorometric procedure of Example 71,
and for the liposome lipid label by scintillation radioactivity counting using conventional

methods. The liposome preparations with known drug and *H-CHE-lipid concentration
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were used as standards. Radioactivity standards contain equal amount of diluted rat
plasma to account for quenching. The amount of CPT-11 and the liposome lipid in the
blood was calculated assuming the blood volume in ml as 6.5% of the body weight in
grams, and the hematocrit of 40%. The total amount of the lipid and the drug in the blood
was expressed as % of injected dose (% [.D., %ID) and plotted against post-injection
time. The percent of drug remaining in the liposomes was calculated by dividing the
drug/lipid ratio in the blood samples by the drug/lipid ratio of the injected liposomes
(taken as 100%). Because the plots generally showed good agreement with
monoexponential kinetics (linearity in semi-logarithmic scale), blood half-lives of the
drug, the lipid, and of the drug release from the Iiposémes, were calculated from the best
fit of the data to monoexponential decay equation using the TREND option of the
Microsoft EXCEL computer program (Microsoft Corp., USA). The results are shown on
Figure 1. From the best fit parameters, the blood half-lives for lipid and drug were 16.4
hours and 6.61 hours, respectively. Under these conditions, free CPT-11 clears from the

circulation very rapidly (see Example 69).

[0151]  The blood drug/lipid ratio revealed biphasic character of the CPT-11 release
from the liposomes (Figure 2). In the first 24 hours, the release of drug followed was
linear over time (R=0.992) giving evidence for zero-order release kinetics. Only after
about 75% of the drug was released at 24 hour time point, further release became non-
linear. For 24 hours, the liposomes released the drug at a constant rate of about 3.6% of
the initial load/hour. Thus, 50% of the drug was released over the period of approximately
14 hours. Zero-order release of the drug is an attractive quality in sustained release

formulations, as the rate of drug release remains constant over time.

EXAMPLE 10. Antitumor efficacy of CPT-11 liposomes prepared using
triethylammonium polyphosphate against breast cancer xenografts in nude
mice
[0152]  Antitumor efficacy of CPT-11 liposomes was studied in the model of human
breast carcinoma BT-474, an estrogen-dependent ductal adenocarcinoma that over-
expresses C-ErbB2 (HER2) receptor. . BT-474 cells were obtained from American Type
Culture Collection (Rockville, MD). A BT-474 sub-line with higher tumor growth rate
was established from a fast-growing xenograft tumor nodule raised as described below.

The cells were propagated in vitro in RPMI-1460 medium with 10% fetal calf serum, 0.1
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mg/mL streptomycin sulfate, and 100 U/ml Penicillin G in T-150 flasks, and split 1:3
every week. NCR nu/nu female mice (4-6 week old; Tacbnic Farms) were
subcutaneously implanted (at the base of tail) with 60-day sustained-release 0.72-mg 17f-
estradiol pellets (Innovative Research of America, Inc.), and in two days were inoculated
subcutaneously in the upper back area with 0.1 mL suspension containing 2x1 0" BT-474
cells in cell growth medium. The tumor progression was monitored by palpation and
caliper measurements of the tumors along the largest (length) and smallest (width) axis
twice a week. The tumor sizes were determined twice weekly from the caliper
measurements using the formula (Geran, R.1, et al., 1972 Cancer Chemother. Rep. 3:1-

88):

Tumor volume = [(length) x (width)*] /2
[0153]  Atday 13 after inoculation, the tumor reached an average size of 200 mm” and

the animals were randomly assigned to three groups of 13-15 animals.

[0154] Liposomal CPT-11 was prepared as in Example 8 (drug/phospholipid ratio 192
mg/mmol; average liposome size 86.8 nm). Free and liposomal CPT-11 were diluted with
MES-dextrose vehicle to 5 mg/ml of CPT-11 base The animals were injected via the tail
vein with free CPT-11, liposomal CPT-11, or vehicle only on days 14, 18, 21, and 25
post tumor inoculation. The drug-containing formulations were given at the dose of 50
mg CPT-11/kg per injection, which is the average of the doses reported in the literature

for the CPT-11 studies in rodent tumor models.

[0155]  To assess treatment-related toxicity, the animals were also weighted twice
weekly. The observations were made until day 60 post inoculation, at which time the
estrogen supplementation pellet was exhausted. Average tumor volumes across the
groups were plotted together and compared over time. As shown in Figure 3, while free
CPT-11 reduced the rate of tumor growth, in the group that received liposomal treatment
the tumors regressed dramatically. While at day 36 in the control group the tumors
reached the maximum allowable size averaging 3,500 mm®, and at day 46 in the group
treated with free drug the tumors were about 1,000 mm’ at average, at the same time point

none of the animals in the liposome-treated group had a palpable tumor.
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[0156]  The treatment related toxicity was assessed by the dynamics of animals’ body
weight (Figure 4). Neither group revealed any significant toxicity. The weight of the
animals in the control group was consistently increasing. There was a slight decrease in
the average body weight of the animals receiving liposomal CPT-11, by about 3.3%, on
the day of the last treatment. This weight loss was reversed, however, and the animals
reached their expected weight. This decrease in the mean body weight was not
statistically significant by Student’s t-test compared to pretreatment weight (p=0.274).

Thus, all treatments were tolerated without significant toxicity.

[0157}  Thus, the liposome formulation of CPT-11 obtained by loading of the drug via
pre-entrapped sterically hindered substituted ammonium salt (triethylammonium) of a
polyanionic, biodegradable polymer (polyphosphate) showed extended blood life,
sustained release characteristics, and increased antitumor activity in the studied tumor

model without an appreciable increase in toxicity.

EXAMPLE 11. Comparative assessment of CPT-11 loaded liposomes
prepared using pre-entrapped triethylammonium salts: effect of liposome
size, drug/lipid ratio, and the nature of pre-entrapped anion.

[0158]  Two prototype formulations of CPT-11-loaded liposomes were prepared, one
using the liposomes with pre-entrapped TEA-Pn, and the other with pre-entrapped TEA-

SOS. Preparation of these liposomes included the following manufacturing steps.

{0159] 1) Combining the lipids by co-dissolving in ethanol. The lipid matrix
composition consisted of 1,2-Distearoyl-SN-phosphatidylicholine (DSPC) (Mol. wt. 790)
3 molar parts (59.8 mol.%); Cholesterol (Chol) (Mol. weight 387) 2 molar parts (39.9
mol.%); and N-(omega-methoxy-poly(ethylene glycol}-oxycarbonyl)-1,2-
distearoylphosphatidyl ethanolamine (Mol. weight 2787) (PEG-DSPE) 0.015 molar parts
(approx. 0.3 mol.%). DSPC and PEG-DSPE were purchased from Avanti Polar Lipids,
Birmingham, Alabama. Cholesterol (highest purity grade) was purchased from
Calbiochem. Dry lipids were weighed with the accuracy of +0.1 mg in a borosilicate glass
contamner and combined with absolute ethanol at the ratio suitable for the lipid dispersion
step below. Because of the high transition temperature of DSPC (55°C) the dissolution

was typically performed at 55-60°C until clear solution was obtained.
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[0160]  2) Preparing the TEA-Pn and TEA-SOS solutions. Sodium polyphosphate
(n=13-18) was from Sigma Chemical Co., p/n P 8510. Sodium sucrose octasulfate was
purchased from Toronto Research Chemicals, Toronto, Canada, p/n S699020. The salts
were weighed down and dissolved in water to provide 1.2-2.5 N solutions. Anion
exchangers Dowex 50Wx8-200 or Dowex HCR-W2 in H'-form (available from Sigma)
were used to convert the sodium salts into free acids. Before the first use, the resins were
washed by stirring with 3 volumes of the following solutions, followed by decanting: (1)
1.0-1.2 M aqueous HCI 2 times; (2) Water 2 times; (3) 1.0-1.2 M aqueous NaOH 2 times;
(4) Water 2 times; (5) 1.0-1.2 M aqueous HCL, 2 times. The suspension of washed resin
in water was packed under gravity flow in a suitable size chromatography column to have
at Jeast 8 mL of the packed resin for each mL of the sodium salt solutions. The resin was
further equilibrated by passage of 2 column volumes of 3.0-3.6 M aqueous HCL,
followed by 5 column volumes of water or until the conductivity of the eluate falls below
Imicro-S. After use, the columns were regenerated by sequential passage of: 1.-1.2 M
HCI - 3 column volumes; 3.0-3.6 M. HC1 - 2 column volumes; water - at least 5 column
volumes, or until the conductivity of the eluate falls below 1 uS, and stored under 0.2-um
filtered water at room temperature. The Pn and SOS sodium salt solutions were applied
on the drained surface of the column (approximately 1 ml for each 4 ml of the packed
resin volume) and allowed to flow under gravity at the rate of about 1-2 ml/min for the
resin bed size of 75-150 mL. The column was eluted with water. The eluate was tested
for conductivity. The fractions with 10 mS or higher conductivity were collected. If more
concentrated solutions of polyacids are required, the collection can start at 20-50 mS, but
at the expense of somewhat higher loss of the gradient-forming salt. In the case of
polyphosphoric acid, the collected solution is kept refrigerated (0-4°C) until the amine
titration step because of the hydrolytic instability of the phosphodiester bond at low pH.
The collected eluates would have a pH of less than 0.7 (typically about 0.4) and
conductivity of about 120-200 mS. Optionally, the amine titration step is performed
without delay because the stability of polyphosphate at low pH. HPLC-grade
triethylamine (99.5+% purity) from Fisher, p/n 04884 was used to titrate the acid
solutions obtained from ion exchange. The normality of neat TEA was determined by
potentiometric titration. 0.100-mL Aliquots of TEA (0.100 ml) were taken into 20 ml of
water in}triplicate. The aliquots are titrated with 0.1 N HCl standard solution to the pH

end point (glass electrode) of 5.5-6.0. The calculated normality (7.07 N) was close to the
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theoretical value of 7.17N. A measured volume of the polyphosphoric (Pn) acid or
sucrose octasulfuric (SOS) acid solution was titrated with neat TEA under the control of
pH (glass) electrode. Thorough stirring was required to disperse the amine. Titration
endpoint was pH 5.6-6.2. The volume of added TEA was accurately recorded. The
volume of titrated solution was measured, and the concentration of TEA was calculated
on the basis of the added TEA volume and normality. Water was added as necessary to
adjust the TEA concentration to required 0.55+0.05 N or 0.65+0.03 N, as indicated
below. The amount of residual sodium in the obtained TEA-Pn or TEA-SOS solutions
was determined by potentiometry using sodium-selective glass electrode (Corning). One
mL of the solution was diluted with 19 mL of water, and the sodium concentration was
determined using the increment method according to the electrode manufacturer’s
manual. The amount of residual sodium was less than 1 mM, typically less than 0.5 mM.
The obtained TEA-Pn or TEA-SOS solutions were passed through 0.2 pm cellulose
acetate sterile filter using positive pressure feed. The final pH and osmolality of the

" solutions was measured and recorded. We use pH calomel] micro-combination all-glass
electrode for pH measurements, and vapor pressure/dew point osmometer for osmolality

measurements. The solutions were stored refrigerated until use.

[0161]  3). Preparing lipid dispersion in the gradient-forming buffer by mixing of
ethanolic solution of the lipids with the gradient-forming buffer. The lipids were
dispersed in the gradient-forming salt solution using ethanol mixing method. All steps
were performed at 60-65°C. The lipids were dissolved in 100% Ethanol USP at a
concentration of about 0.5-0.6 M of DSPC in a chemical resistant glass pear-shaped flask
or tube. The gradient-forming salt solution (TEA-Pn or TEA-SOS) was pre-warmed to
60-65°C and added to the ethanolic lipid solution at once, and the components were
thoroughly mixed by swirling and/or vortexing. The final amount of ethanol was about
10 vol.%. For preparations of the scale in excess of 0.1 mmol phospholipid, the resulting
suspension was placed on a rotary evaporator at 60-65°C and vacuumized with rotation
until the evolution of ethanol stopped, as manifested by the end of foam formation. For
the scale of 0.1 mmol phospholipid or less, ethanol was not removed from the lipid
dispersion at this step. The resulting lipid suspensions were kept at 60-65°C and used

promptly for the extrusion step.
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10162]  4). Sequential extrusion of the lipid dispersion through defined pore
membranes. For the lipid suspension volumes up to | mL we used a manually operated
reciprocating extruder supplied by Avanti Polar Lipids. The extruder is charged with 19
mm track-etched filter membranes and thermostatted by virtue of a metal heating block.
For the volumes from 1 to 10 mL, we used a thermostatted, gas pressure operated,
unidirectional flow extruder from Lipex Biomembranes. The extruder is charged with 25
mm filter membranes. The lipid suspensions were repeatedly extruded at 60-65°C using
manual feed or argon gas pressure, as appropriate, through a series of 2 stacked
polycarbonate membrane filters (the filters from Corning-Nuclepore and Osmonics Corp.
were equally suitable) having nominal pore sizes of 100 nm, 80 nm, or 50 nm. Where the
effect of liposome size was of interest, the extrusion was stopped at 100 nm, 80 nm, or 50
nm step. The exact type of filters used and number of extrusions is indicated below for
each experiment. The extruded liposomes were kept at 60-65°C for about 15 min. and
quickly cooled down to 2-4°C in an ice bath. After about 15 min. in the ice bath, the

liposomes were allowed to reach room temperature.

10163}  5). Removal of extraliposomal gradient-forming buffer and transfer of the
liposomes into a drug-loading buffer. Non-encapsulated gradient-forming salt was
removed, and the liposomes were transferred into the drug loading buffer using size
exclusion chromatography (SEC). Tangential flow filtration, hollow fiber dialysis, of
other scalable step can be used in scale-up manufacture. It is advantageous to ensure the
complete removal of the extraliposomal polyanion by treatment of the liposomes with an
anion-exchange resin {e.g., Dowex-1 or Dowex-2 quaternary ammonium cross-linked
polystyrene beads). Drug-loading buffer contained 50 g/L anhydrou; Dextrose USP, and
5 mM tissue-culture certified HEPES in water, adjusted to pH 6.5 with NaOH. The buffer
was vacuum-filtered through 0.2 micron Nylon filter (Whatman). The extruded liposomes
were chromatographed on a column with Sepharose CL-4B (Pharmacia) and eluted with
the drug-loading buffer. The liposomes appeared in the void volume fraction and were
collected, based on the eluate turbidity, in the volume of about 2x of that applied. The
eluted liposomes were assayed for phospholipid concentration according to Example 70,

particle size by QELS, and stored at 4-6°C.

[0164]  6) Incubation of liposomes with the drug. Stock solution of CPT-11 (Irinotecan

Hydrochloride) was prepared immediately before mixing with the liposomes by



200 7 206 19.920.119.0 209 1110 20.5121.1211.7 dIM 9012 1SO 9

dissolving Irinotecan Hydrochloride in water to achieve concentration of 20 mg/mL drug
base. The pH of the solution was between 4.0 and 5.0. The drug solution was filtered
through 0.2 micron polyethersulfone (PES) sterile filter using positive pressure. Aliquots
of the liposomes in the drug loading buffer produced at the step 5 above were mixed at
room temperature with the stock Irinotecan solution to achieve the drug/lipid input ratio
in the range of 0.15-0.55 g of drug for mmol of liposome phospholipid. Particular input
drug/lipid ratios are indicated below, where appropriate. The pH of the mixtures was
adjusted to 6.5 with 1 M NaOH, the mixtures in glass vials were incubated on the
thermostatted water bath at 58-62°C with slow agitation for 30-45 min, quickly cooled
down in ice-water bath (0-2°C), and left at this temperature for 15 min. Then the
liposomes were allowed to warm up to room temperature for the next step (removal of
unencapsulated drug and transfer into the storage buffer). This step resulted in the
encapsulation efficiency of more than 95%, typically 98-100% in the whole range of

studied drug/lipid ratios.

[0165] 7). Removal of unencapsulated CPT-11, transfer of the liposomes into the
storage buffer, final filtration, and storage. Unencapsulated drug was removed and the
liposomes were transferred into the storage buffer using size exclusion chromatography.
The storage buffer contained 20 mM HEPES, 135 mM NaCl, pH 6.5 (adjusted with
NaOH) in water, and was 0.2-micron vacuum-filtered before use. Gel-chromatography.
on Sephadex G-75 (Amersham Pharmacia Biotech) was performed essentially as
described under Step 2 above. CPT-11 liposomes eluted from the column (void volume
fraction) were assayed for liposome phospholipid and CPT-11 (by spectrophotometry, see
Examples 70 and 71), and volume-weighted mean particle size by QELS. The drug
concentration was adjusted, if necessary, to be in the rangé 0f2.0-4.0 mg/mL. The
liposomes were filtered through 0.2 micron polyethersulfone sterile filters and aseptically
dispensed into sterile polypropylene vials (Corning Cryo-Vials) or PTFE-lined screw-cap
borosilicate 4-mL glass vials to approximately 70-80% of the vial volume. The vials

were aseptically closed (in air), labeled, and stored at 4-6°C.

EXAMPLE 12. Effect of drug/lipid ratio on the drug loading efficiency and
in vivo drug retention of TEA-Pn-containing lipesomes

[0166]  Liposomes with entrapped aqueous 0.65N solution of TEA-Pn, pH 6.1,

osmolality 531 mmol/kg, were prepared following the procedure of Example 11. The
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lipid dispersion was extruded ten times through two stacked 100 nm pore size
polycarbonate filters. Liposome lipid matrix also included [*H}-CHE at 0.5 mCi/mmol
phospholipid. The liposome size before drug loading was 98.5 + 34.3 nm. The liposomes
were loaded at initial drug-to-phospholipid ratios of 200, 300, 400, and 500 mg CPT-11/
mmol phospholipid. The drug and phospholipid amounts in the liposomes were
determined by spectrophotometry according to Example 71, and by phospholipid

extraction-digestion-blue phosphomolybdate assay of Example 72, respectively.

[0167}  To evaluate in vivo drug release rate, the method of Example 8 was followed.
The liposomes were injected via tail vein into 6-week-old female Swiss Webster mice
(body weight 18-22 g) at a dose of 5 mg CPT-11/kg. At 8 and 24 hours post injection, the
mice, in groups of 3, were anesthetized, and exsanguinated via open heart puncture. The
blood was mixed with 0.4 mL of ice~cold 0.04% EDTA in PBS, the blood cells were
separated by centrifugation, and the plasma concentration of CPT-11 was measured by
spectrofluorometry as described in Example 71. Lipid was determined by measuring the
amount of [*H]-CHE using quenching-corrected liquid scintillation counting, and the
amount of drug retained in the liposomes was calculated by dividing the determined
drug/lipid ratio by the drug/lipid ratio in the injected liposomes. Because of the fast blood
clearance of free CPT-11, resulting in low blood level, we assumed that all assayed drug

was in the liposomal form.

[0168]  The results are presented in Table 8. The differences between drug retention
among the groups were not statistically significant. As a result of these studies, we
concluded that increasing the drug load up to 500 mg/mmol will not adversely affect drug

loading or in vivo stability. This ratio was adopted for further studies.

Table 8. The effect of drug/lipid ratio on the drug loading and in vive drug retention in

Irinotecan TEA-Pn liposomes (average + standard deviation).

Drugdipid ratio, mefmmol phospholipid | Drug remaining m the liposames, % of pre-
injection value

: Inpus Cutput_ | % loaded M , | After 8 hours { After 2%1_?)Q1if$

300 2084|1042 54.6399 (9722223

A T28e3 954 85.214.3 i45m2st

400 3RS (872 81.5+18.3 17310614
00 5189|1018 66.819.0 1347814 |
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EXAMPLE 13. Drug loading efficiency of CPT-11 loading into TEA-SOS-
containing liposomes: effect of liposome size and in vivo drug retention in
mice. ‘

[0169]  Liposomes with entrapped solutions containing prepared as in Example 11
using gradient forming solution having 0.643 N TEA-SOS, pH 5.7, osmolality 530
mmol/kg. Lipid dispersion was extruded ten times through two stacked polycarbonate
filters with the pore size of 50 nm, 80 nm, or 100 nm. Liposome lipid matrix also
included [*H]-CHE at 1.5 mCi/mmol of liposome phospholipid. The liposome size was
determined by dynamic light scattering. The liposomes were loaded with CPT-11 at
initial drug-to-phospholipid ratios of approximately 550 mg Irinotecan/mmol of
phospholipid. The drug loaded liposomes were sized by QELS and assayed as described
in Examples 70 and 71.

[6170]  Female Swiss Webster mice (8-10 weeks, average 27-30 grams) were injected
via tail vein with these CPT-11 liposome formulations at a drug dose of 10 mg/kg. The
mice were sacrificed at 24 h and the blood was collected and assayed for CPT-11 and

liposome lipids as in Example 11. The results are summarized in Table 9.

Table 9. Irinotecan loading and in vivo drug retention in TEA-SOS liposomes.

Extrusion Lipasome | Drug load. mg | Druy remaining in the
membrans stze, nm Irinctecandnmol | lposomes afier 24
pore size, no | mean SD phospholipid hours 1 mice, Yo of
e o L prEcinjection value
S 3764281 ‘31{135_232‘ 1792438
WO RSSaIsd TS p69. 1 R26 20
100 TGRS T ser 1307 €27

[0171]  Surprisingly, the liposomes with triethylammonium salt of sucrose octasulfate,
a non-polymeric polyanionized organic hydroxylated organic compound (sugar),
provided dramatically better (4-5 fold) in vivo drug retention in liposomes compared with

similar liposomes with a polyanionic polymer (polyphosphate).

EXAMPLE 14. Blood pharmacokinetics of CPT-11-loaded SOS-TEA
liposomes in rats.

10172}  Liposomes (100 nm extrusion membrane pore size) were prepared as described
in Example 12 The liposomes was administered intravenously at a dose of 10 mg
CPT11/kg to two nine-week-old female Sprague Dawley rats (Harlan) (body weight
about 200 g} with indwelling central venous catheter at a dose of 10 mg CPT-11/kg (17.6
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umol of phospholipids/kg). Blood samples were taken at prescribed time points and
analyzed for drug and liposome lipid content as in Example 9. The data were expressed
as the % injected lipid dose/ml of plasma and the % drug retained nside the liposome at
each time point, plotted against post injection time, and half-lives for liposome lipid, as
well as half-lives for drug release from the liposomes, were calculated by best fit to a
monoexponential kinetic model (Fig. 5). The half-life of drug release from CPT-11
loaded TEA-SOS liposomes was 56.8 hours, much longer than that of the similar TEA-Pn

liposomes.

EXAMPLE 15. Antitumor activity of free CPT-11, and CPT-11 encapsulated
into TEA-Pn and TEA-SOS-containing liposomes in athymic nude mice
bearing subcutaneous xenografts of human colon carcinoma (HT-29).

[0173]  The liposomes were prepared as in Example 11 using TEA-Pn solution with
0.65 M TEA, pH 6.1, and osmolality 531 mmol/kg, or TEA-SOS solution with 0.643 M
TEA, pH 5.7, and osmolality 530 mmol/kg. The extrusion included 10 passages through
two stacked polycarbonate membranes with pore size 100 nm. The resulting TEA-Pn and
TEA-SOS liposomes had the size of 112.3+15.5 nm and 120.5+42.5 nm, respectively
(meant SD of the size distribution). The liposomes were loaded with CPT-11 at the input
drug/phospholipids ratio of 500 mg/mmol. The resulting liposomes had the drug content
of 465.6 + 26.5 (93% loading efficiency) and 499.9+22.5 mg (100% loading efficiency)
of CPT-11/mmol phospholipid for the TEA-Pn and TEA-SOS formulations, respectively.

[0174]  HT-29 cells were obtained from American Type Culture Collection, Rockville,
MD, and propagated in DMEM medium supplemented with 10% fetal calf serum, 50
U/ml penicillin G, and 50 pg/mL of streptomycin sulfate at 37°C, 5% CO; as
recommended by the supélier. NCR nu/nu homozygous athymic male nude mice (6 week
old, weight at least 16 g) were obtained from Charles River. The mice were inoculated
subcutaneously in the right flank with 0.1 mL of the suspension containing 5 x 10° cells
suspended in the growth medium without antibiotics. Eleven days later the animals
having tumors with the size between 150 mm® and 350 mm® were assigned to the
treatment groups according to the following method. The animals were ranked according
to the tumor size, and divided into 6 categories of decreasing tumor size. Six treatment
groups of 11 animals/group were formed by randomly selecting one animal from each

size category, so that in each treatment group all tumor sizes were equally represented.
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Starting at day 13, the animals received four tail vein injections, at the intervals of 4 days,
of the following preparations: 1) Control (HEPES-buffered saline pH 6.5); 2) Free CPT-
11 50 mg/kg, administered as freshly prepared 5 mg/mL solution in unbuffered
physiological saline; 3) TEA-Pn liposomal CPT-11 at 25 mg/kg per injection; 4) TEA-Pn
liposomal CPT-11 at 50 mg/kg per injection; 5) TEA-SOS liposomal CPT-11 at 25 mg/kg
per injection; 6) TEA-SOS liposomal CPT-11 at 50 mg/kg per injection. The animal
weight and tumor size were monitored twice weekly as described in Example 10. The
weight of tumor was subtracted from the animal weighing results to obtain animal body
weight. The animals were observed for 60 days following tumor inoculation. When the
tumors in the group reached 20% of the mouse body weight, the animals in the group
were euthanized. There were complete tumor regressions in some groups without the
signs of tumor regrowth at the end of study. The tissues from the tumor inoculation site
from these animals were collected and preserved for pathological analysis for residual

tumor cells.

{0175}  The results of this study are shown in Figures 6 and 7. Free CPT-11 had only
minor effect on the tumor growth. All liposomes had pronounced effect resulting in
tumor regression later followed by regrowth in most animals. 50 mg/kg dose was more
effective than 25 mg/kg dose in both TEA-Pn and TEA-SOS CPT-11 liposomes.
Average tumor doubling times calculated from the tumor size data (Fig.7) were: control -
4.2 days; free drug, 50 mg/kg - 4.8 days; TEA-Pn liposomal drug, 25 mg/mg - 43.6 days;
TEA-Pn liposomal drug, 50 mg/kg - 47.5 days; TEA-SOS liposomal drug at 25 mg/kg -
48.2 days, and TEA-SOS liposomal drug at 50 mg/kg - over 56 days (doubling time was
not reached). Thus, liposomal CPT-11 prepared according to the present invention was at
least about 10-fold more active than the free drug, given at the same dose and schedule.
Unexpectedly, TEA-SOS CPT-11 liposemes were prominently more effective in reducing
tumor growth than TEA-Pn CPT-11 liposomes administered at the same dose. While in
the groups treated with free drug and TES-Pn liposomal drug at 50 mg/kg per injection
there were no animats without tumor regrowth, in the groups receiving 25 mg/kg of each
liposomal formulation, one animal (9.1%) was tumor-free at the end of study, and in the
group receiving 50 mg/kg of TEA-SOS liposomal CPT-11 formulation, at the end of

study 4 animals (36.4%) were tumor-free without signs of regrowth.
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[0176]  The drug manifested some toxicity. The animals receiving free CPT-11, but
not liposomal CPT-11, experienced temporary morbidity (loss of alertness, humped
posture, ruffled fur, decreased mobility) for about one hour after drug injection. The
animals receiving free CPT-11 suffered permanent loss of about 6% of weight during
treatment, and did not recover, The animals receiving both liposomal CPT-11
formulations experienced transient weight loss at the time between second and third
injections averaging about 5% (at 25 mg/kg) or about 9% (at 50 mg/kg) of the pre-
treatment value, and eventually attained normal weight. Therefore, the toxicity of
liposomal drug was not more than that of the free (non-liposomal) drug, while the
efficacy of the liposomal drug was substantially higher. The weight loss was reversed
when the drug treatment was finished, and all animals recovered their weight without
terminal morbidity or toxic deaths. Later on, the animals gained weight concomitantly
with tumor regressions. In the saline control group, animals that developed large tumors
experienced weight loss evidently due to tumor-related morbidity. Overall, the liposome
drug formulation where the drug was loaded into the liposomes having pre-entrapped
polyanionized sugar (sucrose octasulfate) proved to be the most efficacious while having

less toxicity than the non-liposomal drug.

EXAMPLE 16. Toxicity of free and liposomal CPT-11 in mice.

[0177]  Acute toxicities of free CPT-11 and liposome-encapsulated CPT-11 prepared
according to the present invention were compared by determining the maximum tolerated

dose (MTD) following single i.v. injection in regular (immunocompetent) mice.
[0178]  The following materials were used:

{61791} 1) CPT-11 (Irinotecan Hydrochloride) preparation having Irinotecan
Hydrochloride 98.9% by HPLC, and moisture 7.6%. In this study drug formulations were
prepared on the “as is” basts, without correction for the moisture content or the Irinotecan

base content.

[0180]  2) Liposomal CPT-11 (Ls-CPT-11) was prepared as in Example 11, using lipid
matrix of DSPC 200 mol. parts, Cholesterol 133 mol. parts, PEG-DSPE | mol. part;

entrapped solution TEA—SOS having 0.65 M TEA, pH 6.4; drug loaded into liposomes in
5 mM HEPES buffer, 5% dextrose, pH 6.5,at 60°C for 30 min at the input drug/lipid ratio
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500 mg drug/mmol of phospholipid. Loading efficiency was >99%. Liposome size
(volume average mean # standard deviation by QELS): 101 = 37 nm. Liposomes were
formulated in the vehicle, 20 mM HEPES-Na, 135 mM NaCl; pH 6.5. Drug

concentrations in the injected formulations were as stated in the Tables below.

[0181]  3) Free CPT-11 solution. Free drug stock solution was prepared by dissolving
Irinotecan Hydrochloride in 5% aqueous dextrose at 22 mg/mL, and sterilized by 0.2-pm

filtration. This stock solution was diluted with sterile 5% dextrose prior to injection.

[0182] 4) Animals. Female Swiss Webster mice, 6-8 week old, were from Harlan,

USA.

[0183] MTD determination generally followed the protocol adopted by the United
States National Cancer Institute Developmental Therapeutics Program. The protocol

included the following three steps:

{0184}  Step 1): Range-seeking step with the dose escalation factor of 1.8. The groups
of two animals were injected into the tail vein with increasing doses of the free or
liposomal Irinotecan, beginning with the dose of 60 mg/kg, and continuing with the dose
escalation factor of 1.8, until acute mortality or terminal morbidity (within >1 day post
injection) is observed in any of the animals. The dose one step below the

mortality/terminal morbidity dose is recorded.

[0185]  Step 2): Range-seeking step with the dose escalation factor of 1.15. The
groups of two animals were injected into the tail vein with increasing doses of the free or
liposomal Irinotecan, beginning with the dose recorded at Step 1, and continuing with the
dose escalation factor of 1.15, until acute mortality or terminal morbidity (within >1 day
post injection) is observed in any of the animals. The dose one step below the

mortality/terminal morbidity dose is recorded at tentative MTD.

[0186]  Step 3): Validation step. The group of 5 animals is injected 1.v. (tail vein) with
free or liposomal Irinotecan at tentative MTD determined at Step 2. The animals are

followed for 7 days, the animal body weight is recorded twice weekly and compared with
the pre-injection weight. General health of the animals 1s observed (alertness, grooming,

feeding, excreta, skin, fur, and mucous membrane conditions, ambulation, breathing,




20.919,9219521.5 29.119.519.a20.2 (01881Thus, while the MTD of free CPT-11 was 80
mg/kg, the MTD of liposomal CPT-II, surprisingly, was not achieved even at the highest administered
dose of 324 mg/kg. Therefore, liposome encapsulation of CPT-11 according to the present invention
has reduced the drug toxicity at least 4-- fold. EXAMPLE 17. Storage stability of CPT-11-loaded
TEA-SOS liposornes against drug leakage. 10189]Five batches of liposomal CPT-Il were prepared
using the TEA-SOS method

posture). If during the observation period there is no mortality, progressive morbidity, or
weight loss in excess of 15% of the pre-injection body weight, the dose is considered to
be validated as acute single injection MTD. If any of these effects occur, the experiment

1s repeated at the next lower dose by a factor 1.15.

[0187]  To obtain additional statistics for validation step, the body weight dynamics of
surviving animals was followed for up to 11 days post injection. The dose of more than
324 mg/kg of the liposomal Irinotecan was impossible to administer because of the

concentration and injection volume limitations. The results are presented in Table 10.

Table 10. MTD seeking study of CPT-11 formulations in mice.
RESULTS

Step 1oncrease dose by a Bataraf 1.8
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2 1.6 204 313 wd 208 pd 314 wd
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(Example 11), at the drug/lipid input ratio u1500-550 rrigimmol phospholipM. The Liposomes were
prepared using membrane extrusion through polycarbonate membrane with 80 nm or 100 nm pore
size, as indicated in the table below. The Liposomes were 0.2- pm filter sterilized and stored at
3.4-14.5 mg/mL of CPT-11in 135 mM NaCl, 20 mM, HEPES-Na, pH 6.5 (storage buffer), at 4-8C. After
the indicated storage time, the leaked drug was removed by gel-chromatography on Sephadex G-75
using the storage buffer as eluent. The drug and phospholipid concentrations in the liposomes before
and after gel-chromatogsaphy were assayed using spectrophotometry method and acid digestion-blue
phosphomolybdate method, respectively, as described i Exgmiples7e°aid 7. CPT-11 liposomes
prepared according t&'the ﬁj‘i’r‘%qn‘t‘iﬁgﬁhﬁ‘bﬂl‘yﬁér'é’yéry {égabler;'[he Igquagq;qf CPT-11 from these
liposomes during storage, was 1655 than 5%,pver & Months (hable IOy 68:iable 11. Encapsulation
stability of CPT-11 liposomes during storage (data aremteaniSE). LiposomeExtrusionCPT-11
concentration, Storage time, % drug rernainin Lot’itporg Size *hfn mg/in1nonthsencapsulated

1803.440.06699.02+3.77 2807.88+0.196102.384.78 310D4.57+0.06696.36+4.69

41004.62+0.116957£2#i36 5801452 1-0.423103.4+5:92 EXAMPLE 18, ziposomes loaded with
Topotecan. (0190)Liposomes with entrapped TEA-Pn gblutiofarid TEA-SOS solution were prepared
as in Example II. Stock solution of Topotecan Hydrochi@fide <§§axo$3rﬁithl<:flirje, PA, USA) was
prepared immediately before mixing with the Iipogpmeé’;@y di§§plvin‘gj;ropq%can Hydrochloride in
water at 15-20 mg/mt, counting on the actual Topoteécan HCI ¢ontent. The pH was adjusted to 3.0 with
| N Ha. The drug solution was filtered through 0.2 micron polyethersulfone (PES) sterile filter using

positive pressure. Aliquots of the TEA-En or TEA-SOS-containing liposomes in the drug-loading buffer

were mixed atlPd8f tenTpesathdaih Y stdEleTopbtetarrHOssiktichad déhr e tsetiug/lipid input
ratio in the rangeref 0. 15:Rida gimmehef lagseme rRiaspholipickPrefenrd ralioonas 835 g of

Topotecan HCI for nunol of liposome phospholipid. The mixtures in glass containers were incubated
on the thennoSt&tted WaREH W&t BR$BBSARTHAIBNCAGitatOh 16T 38U, RFGTERYEEBIRE down in

ice-water bathi({3-2Q)@adiettat tais derpesaiue-fb-15 min. This step resulted in the encapsulation
efficiency of 89-90% (TEA-En gradient) or 97-100% (TEA-SOS gradient). Unencapsulated Topotecan

d, and thgJi i t iAg. S lusi I
was removed, and thg igqzp ﬁ%%%ﬁgg?gﬁ&@:&ﬁ%%ﬁ%%%@ﬂﬁ [ 488G SIRE gxClusion column

chromatography. Be QLSRR [ I umn, the ionic strength of the liposome preparation was
increased by mixing with 1/20 vol. of 2.88 M aqueous sodium chloride, and the mixture was incubated

for about 15 nyoyd4/e urexpeaiedlyofounddhat edinstingtbelgnicstiengthot e §pesamemedium
from the low value dyring ihe loading, (Rically SquvRIgNt Lo ess than 20 M. Nag 1ie

liposomes were prepared using membrane extrusion through polycarbonate membrane

with 80 nm or 100 nm pore size, as indicated in the table below. The liposomes were 0.2-
pm filter sterilized and stored at 3.4-14.5 mg/mL of CPT-11 in 135 mM NaCl, 20 mM
HEPES-Na, pH 6.5 (storage buffer), at 4-8°C. After the indicated storage time, the
leaked drug was removed by gel-chromatography on Sephadex G-75 using the storage
buffer as eluent. The drug and phospholipid concentrations in the liposomes before and
after gel-chromatography were assayed using spectrophotometry method and acid
digestion-blue phosphomolybdate method, respectively, as described in Examples 70 and
71. CPT-11 liposomes prepared according to the present invention were very stable. The
leakage of CPT-11 from these liposomes during storage was less than 5% over 6 months

(Table 10).




69 the higher value of above 20 mM NacCl, and preferably to 50 mM NaC1 and above, improved the
removal of unencapsulated drug and increased the stability of Topotecanloaded liposomes against
aggregation, possibly by facilitating the removal of membrane-bound Topotecan, as opposed to the
drug encapsulated in the liposome interior. The rest of the procedure followed Example 11, step 7. For
the results, see Table 12 below. EXAMPLE 19. Preparation of anti-HER2-imumnoliposomal
formulations of Topotecan. 101911Topotecart immunoliposomes specifically intemalizable by cancer
cells overexpressing fiER2 (C-ErbB-2) surface réceptor tyrosine kinase oncoprotein were prepared by
conjugating Topotecan liposomes to anti-HER2 single chain human Fy antibody fragment, F5,
selected from the phagc display library for its high internalization into HER2-overexpressing cells
(Poul, et al., 20001 IMoreethEt Bicleby e 3T T |3, livpgope 981 #B4ge4d2721¢Da protein that binds to
extracellular domainsel.HER?2 receptor with affinity of about 150 nM, causing rapid internalization
(Neve, et al., 2001, 13iophys. Biochim. Res. Commun. v. 280, p.274-279). For liposome conjugation,
the method of Wisskiaf. NOz:ew:14) 707 and. of NiglseRial aki¢2307 ) Sioghimy: Siaphys. AcCt, v. 1591,

p.109-118, wer ggnerally Eg}loy\égqi A hnygrqphlllc Ilpopolymer &‘lonjugatg oJFﬁa\Ngs first prepared.
C-terminus of E5 amino g hain_had an added terminal termina eine group 5). The F5Cys

construct was éxpressed |r$(E coli and igstafeebfrom the . bacterial lysat&gPrétein A column
chromatography. Protein Aggluted fractipps:were adsorbedqn anion-exghangea fesin to remove
pyrogens and host DNA, an treated wi o | reducing agent to liber Q iol group of the
terminal cystelir%e The reduéjgd F5Cys vlvg?éu%rther purified by ion excha%gggcﬁr%matography using SP
Sepharose Fast Flow (Arnéf$ham Pharfrdéfal! The purified protein was’edfftigéted to a thiol-reactive
lipid- pon(ethersne glycol) Igtker, N- (3 (M4rﬁla:lenmdo)propyo31ylam|do) 103.4+5.92

poly(oxyethyl ;a
derivative of PEG Wlth mol. Welght 2 000 (Figure 4.1), commercially produced by Avanti Polar Lipids,
Inc., Alabama, USA. BEX&YiFdiBiI8 albig divenbirllkeeded @tichificpdvedtsd in aqueous buffer solution at the molar
ratio of 1:4, and the un-reacted linker was ched with | e, Durln the reaction, terminal
cysteine of F5d015%§ covgf)enﬁ’)?sdﬁacﬁtrap%%rﬁeg] ernIS 5”5?‘63%] %}E t% g%)n TG gsultlng F5-PEG-DSPE
conjugate was wai@,fﬁ%@ﬂubfé?immﬁfé fofieGsphitieteSThavisg Aigfrespisarent molecular 70 weight
(500-850 KDa)@nmhwamsapanated fromatpreactechpeaiaby (@aauindble) by size exclusion
chromatogranny. Ll ol eLo-pisin i e auiied sooloale s deieuningd by Tv

spectrophotorne‘fr at 280 nm, and the amount of the linker was assaﬁa using a spectrophotometrlc

method |dentlcéfretBC{P?étTﬂgﬁéSCTBrHﬁﬁﬁ%‘ﬁHBlEiﬁﬁh‘éi?ﬁﬁﬁ‘é‘ﬁff‘ﬂﬁo(égévlﬁké Be-70F ¥M8 purified

F5-PEG- DSPEscmnmeMef‘Wasdstamgaln Wveitery fullyeinmifoor R verignttwasstable against
denaturation a §;§?§s§§é¢ﬁ¥'&¥of@%fi&!:eﬁ§i %MWE@@Q&EQ@Q% Aanthe,aL.37C. 101921To
prepare anti-H noI Iposom I To otecan To an-loaded li JlJ ?{orin $ of Example 18 were
mixed with F5- B AL BE SARSE TR ag to{?éatropgfe B micfogram of protein per 1
micromole of phésphdh@i’dueéib%tmg F’ﬂscuoﬁlésﬂwwﬁ@dé&ﬁéﬁ/ﬂmél ﬁﬁllxmefrenﬂ/as incubated for 40 min.
at 60C, chilled groigroind ehuematagsapbed OraTepbitin WIhiS eRpRARSEdkdndB (cross-linked 4%
agarose beads ;?) grﬁhgn}he mlrrtnraegﬁ) fo.remove Sr%sgtljnaclu Céalla C(Phne!r a}h yne njugated protein,
and any traces o e incubation. The

posoma rug tﬁat may have been re ease durlng
Liposomes wutria#he%ﬁré%élm%ﬁmfasé@rwﬂsﬁq»m@Etw@b@@nffb@wm SeniteHRIES 144 rriM NaC1

buffer pH 74, celleetaninithavridylumaabibe smiumm,s%t@;;i}@mﬁl&@ne%aa%@me&ed for storage
(4-6C). The amognt of Igggq)mﬁ élpfgrpfra?em Wﬁofgxp&ﬁy > (g%/o doft e added conjugate. It was
oft [ [

determined by gf |IpOSO es wit quan ion o Yo ymassie-stained F5 band by
densitometry. Drogiant it concentraioraersdrad thedznsins Somd Pespadtivracwere determined
similarly to nonstalr@elﬁﬁf&p@ﬁ@me@extn@@rapeﬁﬂesra%@ga@i@casbfd@qggmra@d&ES-

'mm“r‘o"posom%ﬁ&Eﬂ%‘r}&% st1§n£r§)>ﬁ'h% z%%’é’&fn?é'r%;‘?% R @k ?ncrgaslua&!‘?n%qzn Gharpsteristics of

Topotecan Liposomes and Immuriol posomes. Liposome- entrappe salt F5 scFv attachment:
Drug/lipid ratio, ‘gimbipto¥prsimitratitasslfton difesyntacstze incubated for about 15

min. We unexpectedly found that adjusting the ionic strength of the liposome medium

from the low value during the loading (typically equivalent to less than 20 mM NaCl) to




Mearri--SD, rim nput Output TEA-Pa No 173.6 155.25.9 89.4+3.4% 96,4+38.7 TEA-Pn Yes 173.6
156.25.2 90.0+.3.0%
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the higher value of above 20 mM NaCl, and preferably to 50 mM NaCl and above,
improved the removal of unencapsulated drug and increased the stability of Topotecan-
loaded liposomes against aggregation, possibly by facilitating the removal of membrane-
bound Topotecan, as opposed to the drug encapsulated in the liposome interior. The rest

of the procedure followed Example 11, step 7. For the results, see Table 12 below.

EXAMPLE 19. Preparation of anti-HER2-immunoliposomal formulations of

Topotecan.

[0191}  Topotecan immunoliposomes specifically internalizable by cancer cells
overexpressing HER2 (C-ErbB-2) surface receptor tyrosine kinase oncoprotein were
prepared by conjugating Topotecan liposomes to anti-HER?2 single chain human Fv
antibody fragment, F5, selected from the phage display library for its high internalization
into HER2-overexpressing cells (Poul, et al., 2000, J. Molecular Biology, v. 301, p.1149-
1161). F5 is a 27-KDa protein that binds to extracellular domain of HER2 receptor with
affinity of about 150 nM, causing rapid internalization (Neve, et al., 2001, Biophys.
Biochim. Res. Commun. v. 280, p.274-279). For liposome conjugation, the method of
U.S. Pat. No. 6,210,707 and of Nielsen, et al. (2002), Biochim. Biophys. Acta, v. 1591,
p.109-118, were generally followed. A hydrophilic lipopolymer conjugate of F5 was first
prepared. C-terminus of F5 amino acid chain had an added terminal terminal cysteine
group (F5Cys). The F5Cys construct was expressed in E.coli and isolated from the
bacterial lysate by Protein A column chromatography. Protein A eluted fractions were
adsorbed on anion-exchange resin to remove pyrogens and host DNA, and treated with a
thiol reducing agent to liberate the thiol group of the terminal cysteine. The reduced
F5Cys was further purified by ion exchange chromatography using SP Sepharose Fast
Flow (Amersham Pharmacia). The purified protein was conjugated to a thiol-reactive
lipid-poly(ethylene glycol) linker, N-(3-(N-maleimido)propyonylamido)-
poly(oxyethylene)-oxycarbonyl)-1,2-distearoylphosphatidy! ethanolamine (Mal-PEG-
DSPE), a derivative of PEG with mol. weight 2,000 (Figure 4.1), commercially produced
by Avanti Polar Lipids, Inc., Alabama, USA. The protein and the linker were incubated
in aqueous buffer solution at the molar ratio of 1:4, and the un-reacted linker was
qu.enched with | mM cysteine. During the reaction, terminal cysteine of F5Cys is
covalently attached to maleimido group of the linker. The resulting F5-PEG-DSPE

conjugate was water soluble in the form of micelles having high apparent molecular



96.2,-i:33.8 TEA-SOS No 347.2 340.814.7 98.27E4.2% 99.132.6 71 EXAMPLE 20. Effect of loading
buffer pH and drug/lipid ratio on the Topotecan loading into Liposomes. 101931Liposomes
(DSPC/Chol/PEG-DSPE, 3:2:0.015 molar ratio) with entrapped 0.5 N TEA-Pn, pH 6.2, osmolality 413
mmol/kg, were prepared using the ethanol injection jnethod (Example 18), extruded through two
stacked polycarbonate filters with 100 nin pore size 5 times and with 50 nm pore size 10 times. The
loading buffer was 5 mtvl NIES, 50 g/L Dextrose, adjusted to various pHs in the range 5.0-6.5. The
liposorne size was 73.1 W 21.3 nm by QELS. The liposomes were loaded by mixing a Topotecan

stock solution (26184 A Rt tie- ipe Stmeearaied foamgeatire PeteH(ibpNE 4t R pisspholipid
ratio of 100 mgérymeloinetibaling i ymixtiyr enah BOCE ot & itk Spetehingrongige §ak 15 mm and
removing the unencapsulat rug using a Sephadex G75 colymn eluted with 20 mIVI HEPES, 135
irtlY1 NaCl, pH6'5" 860?@?2?\9 Pl%tb BB et e Ylrat i@ﬁ ?59%‘}5‘&8@%‘6%\%%3&@ (Examples 70
and 71). The resuitg(Tanle 4 3)drdipatechittat hoplaid caemieadinghatasaiclar plgyantiiative in the range
of pEl Table 13, Effect of ing buffer p1-L.on the %.qf T. t%(‘ﬁ;}zenca sulation.into the liposornes
with entrapped ql”l%’ﬁ%’%%{go?géfn%gxgﬂlﬁﬁéer%hﬁegﬁgaflﬁgafgf%%eg.0 Conﬂ%aye v babie

water, fully immunoreactive, and was stable against denaturation and loss of reactivity for

at least 1 hour at 65°C and at least 3 months at 37°C.

[0192]  To prepare anti-HER2 immunoliposomal Topotecan, Topotecan-loaded
liposomes of Example 18 were mixed with F5-PEG-DSPE in the aqueous saline buffer at
the ratio of 15 microgram of protein per 1 micromole of phospholipid (about 45 F5 copies
per liposome). The mixture was incubated for 40 min. at 60°C, chilled on ice, and
chromatographed on a column with Sepharose CL-4B (cross-linked 4% agarose beads,
Amersham Pharmacia) to remove residual micellar conjugate, unconjugated protein, and
any traces of extraliposomal drug that may have been released during the incubation. The
liposomes with membrane-incorporated F5-PEG-DSPE were eluted with 5 mM HEPES-
144 mM NaCl buffer pH 7.4, collected in the void volume of the column, sterile-filtered
and dispensed for storage (4-6°C). The amount of liposome-incorporated F5 was
typically >80% of the added conjugate. It was determined by SDS-PAGE of the
liposomes with quantification of the Coomassie-stained F5 band by densitometry. Drug
and lipid concentrations in the immunoliposome preparations were determined similarly
to non-targeted liposomes. The properties of Topotecan liposomes and F5-

immunoliposomes (Examples 18-19) are summarized in Table 12.

Table 12. Characteristics of Topotecan liposomes and immunoliposomes.

Liposome- F5 scFv Drug/lipid ratio, % Liposome size,
entrapped attachment:  g/mol phospholipid  encapsulation  Mean+SD, nm
salt

Input Output

TEA-Pn No 173.6  155.2£5.9 89.4+3.4% 96.4:38.7
TEA-Pn Yes 173.6  156.2£5.2 90.03.0% 06.2:+33.8
TEA-SOS No 347.2  340.8+14.7  98.2%x4.2% 99.1£32.6




50.12.1 5.5 97.28.1 6.0 115.5:1=15.0 6.5 102.1*8.1 [01941The effect of drug to lipid ratio (0.15-0.45
mg/mmol phospholipid) on the loading efficiency was also studied. The Liposomes with entrapped
TEA-Pn (0.5 NI TEA, pH 5.8, osrnolality 480 mmol/kg) were prepared as above, except the final
extrusion step was ten times through two stacked 0,98 pm polycarbonate filters. The loading was at
pH 6.5. The liposome size was 93.1 15.1 nin by QELS. The results (Table 14) showed that drug
loading efficiency was over 85% over the whole range of drug/lipid ratios studied. 72 Table 14. Effect
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[0193]  Liposomes (DSPC/Chol/PEG-DSPE, 3:2:0.015 molar ratio) with entrapped 0.5
N TEA-Pn, pH 6.2, osmolality 413 mmol/kg, were prepared using the ethanol injection
method (Example 18), extruded through two stacked polycarbonate filters with 100 nm
pore size 5 times and with 50 nm pore size 10 times. The loading buffer was 5 mM MES,
50 g/L Dextrose, adjusted to various pHs in the range 5.0-6.5. The liposome size was
73.1 £ 21.3 nm by QELS. The liposomes were loaded by mixing a Topotecan stock
solution (20 mg/ml) with the liposomes in the loading buffer at the input drug-to-
phospholipid ratio of 100 mg/mmol, incub‘ating the mixture at 60 °C for 45 min,
quenching on ice for 15 min and rémoving the unencapsulated drug using a Sephadex G-
75 column eluted with 20 mM HEPES, 135 mM NaCl, pH 6.5. Topotecan and
phospholipid were quantified by spectrophotometry (Examples 70 and 71). The results
(Table 13) indicated that Topotecan loading was nearly quantitative in the range of pH
5.5-6.5.

Table 13. Effect of loading buffer pH on the % of Topotecan encapsulation into the
liposomes with entrapped TEA-Pn.

Loading buffer pH % encapsulation
5.0 50.142.1

5.5 97.2+8.1

6.0 : 115.5¢15.0

6.5 102.1+8.1

[0194]  The effect of drug to lipid ratio (0.15-0.45 mg/mmol phospholipid) on the
loading efficiency was also studied. The liposomes with entrapped TEA-Pn (0.5 M TEA,
pH 5.8, osmolality 480 mmol/kg) were prepared as above, except the final exirusion step
was ten times through two stacked 0.08 pm polycarbonate filters. The loading was at pH
6.5. The liposome size was 93.1 & 15.1 nm by QELS. The results (Table 14) showed that

drug loading efficiency was over 85% over the whole range of drug/lipid ratios studied.



Output ratio (after loading) 168.2 166.911.1 99.2+6.6 224.4 232.5+47.6 103 .721.2 280.3 253.5+19.8
90.4 7.0 336.4 298.318.0 88.753 392.5 361.2+36.8 92.0+9.4 448.5
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Table 14. Effect of drug/lipid ratio on the encapsulation efficiency of Topotecan into the

liposomes containing TEA-Pn.

Topotecan/phospholipid ratio, mg/mmol % encapsulation (meanSE)
Input ratio Output ratio (after loading)
168.2 166.9+11.1 99.2+6.6
224.4 232.5+47.6 103.7421.2
280.3 253.5+19.8 90.47.0
336.4 298.3+18.0 88.7+5.3
392.5 361.2+36.8 A 92.0:9.4
448.5 394.9429.5 88.0+6.6

EXAMPLE 21. Tepotecan liposome stability in vitro in the presence of
plasma.

[0195]  Liposomes (DSPC/Chol/PEG-DSPE, molar ratio 3:2:0.015) with entrapped 0.5
N TEA-Pn, pH 6.2, osmolality 413 mmol/kg, were prepared as described in Example 18.
Liposomes with the size 0f 96.4 = 29.3 nm were produced by extrusion ten times through
two stacked 100 nm pore size polycarbonate filters. For quantitation of the liposome lipid
in plasma, [’H]-CHE was included in the lipid solution at 0.5 uCi/umol of DSPC.
Topotecan was loaded at pH 6.0, 58 °C for 45 min at a drug/phospholipid ratio of 150
mg/mmol. The efficiency ot loading was 148.48 & 10.26 pg Topotecan/pmol
phospholipid (99.0 & 6.8 %).

[6196]  The liposomes were incubated with 50% human plasma in a muitiwell
microdialysis device (Spectra-Por MicroDialyzer 10-well, Spectrum, USA). Human
donor plasma was diluted by the equal volume of HEPES-buffered saline (20 mM
HEPES, 135 mM NacCl), pH 6.5, containing 0.02% sodium azide and charged into the
lower reservoir of the dialyzer (32 mL). The wells (0.4 mL) were separated from the
reservoir by a polycarbonate membrane with 30 nm pore size, to afford free passage of
plasma proteins and small molecules but not the liposomes. The hiposomes were mixed
with calculated amounts of plasma and HEPES-buffered saline to achieve the
concentration of 2.5 mM phospholipid and 50 vol.% of plasma. The device was
incubated at 37°C, and the contents of the reservoir were stirred slowly. After 8 hours of

incubation, the contents of the lower reservoir were changed for fresh 50% plasma. At the




394.91-29.5 88.0+6.6 EXAMPLE 21. Topoteean liposome stability in vitro in the presence of plasma.
101951Liposomes (DSPC/Chol/PEG-DSPE, molar ratio 3:2:0.015) with entrapped 0.5 N TEA-Pn, pH
6.2, osmolality 413 mmol/kg, were prepared as described in Example 18. Liposomes with the size of
96.4 29.3 urn were produced by extrusion ten times;through two stacked 100 rim pore size
polyearbonate filters. For quantitation of the liposome lipid in plasma, CHLCHE was included in the
lipid solution at 0.5 pCi/nrnol of DSPC. Topotecan was loaded at pH 6.0, 58 C for 45 min at a
drug/phospholipid ratio of 150 ing/mmol. The efficiency of loading was 148.48 10.26lig .
Topotecanitim@élshospholipis (98.0¢1618) %) 10498 UTHedipustherey waraidsubaiecwdth 50% human
plasma in a mulihyelrieipriaandeYiG (oselinor Mickopialyagyiiayed, Seciyg, USA). Human
donor plasma was diluted by the equal volume of HEPES-buffered saline (20 mM HEPES, 135 mM
NaCl), pH 6.5, /EBREsiHHEwc0 sehnsoidisrnairibahpesarg e i) tHBY 610&T e SBMET 6FBe dialyzer (32
mL). The wellsxﬁ%gs&aﬁ%@r@é@@@q@é%é from: the JesaiyRihMiaR0IYeaHRRARte MemRiaRg wyith 30 nrn
r

pore size, to afford free passage of plasmaéprotelns and small molecules but not the liposomes. The

liposomes wer8HAiREG Vit 51 THRA RSO LIS Shat PEPESBERRS SN 440 & S¥hieve the
concentration gfarhandvhploospholiniguands 54 yelp¥eaf RlaSrreci Thel devigedwas ipeubatadbat 37C, and
the contents of the. reservoir were stigred slowly. After 8 hours qf incubation,.the contents of the lower
reservoir were Sccﬁ‘gh{&&?l}&g Hrag 3?)%%’ Tgi;%é%ﬁr} ng’goéri%cetﬁggm%ﬁ Frtlffglzéréeg é@%&%‘%@-ﬂ aliquots
were withdrawrfromn tihe: weslspaupdrehtorhatadgiajphed aivthe cohinns: contaminge22e¢2.4 mL of
Sepharose CL-af, eluent HERGR:AUlTersd palins, to. separale e kpasemes fipm-piasma proteins and
free drug. The Liposomes were colfected ih the void volume fractions - opotecan was quéntﬁied by
fluorometry usitigcaxtithtion at'884ingnrathd epaissivras BDduhbd Gftdrisohabil zatits bfttleel plasma
samples in 90% aqueous isopropanol-0.I N HO, and the lipid was quantified by scintillation counting of

CHFCHE (quenghingconrestediciiedetgninedidimgHonpi ratia atiims, was gangpared: te the initial
ratio prior to incubation to obtain the % of Topotecan that remained encapsulated at each time point.
After 8 hours of THeUBEABRIFREANGUAE of dmg remaining in the Liposome was about 55% of its initial

value (Table 15). Table 15. Injdiakelease obdepotecan;fom the dipaserpasioaged by TEA-Pn
gradient in 50% human plasma-at-3 ncubation-timehours%-drug i capsulated

" 05.545.4

195.5+5.4 476.87.3 55.9+4.1 745.416.8
4 76.8+7.3
8 55.944.1
24 55.4+16.8

EXAMPLE 22. Topotecan liposomes with entrapped TEA-Pn gradient at
various drug/lipid ratios: in vive drug retention and circulation longevity in
mice. '

{0197]  The liposomes (DSPC/Chol/PEG-DSPE at 3:2:0.015 molar ratio, containing
[*H]-CHE at 0.5 mCi/mmol DSPC) with encapsulated gradient-forming salt solution (0.5
N TEA-Pn, pH 6.2, osmolality 413 mmol/kg) were prepared as in Example 18 using
extrusion 12 times through two stacked 100 nm pore size polycarbonate filters. The
liposome size was 107.7 = 19.1 nm by QELS. The liposomes in 5 mM HEPES, 50 g/L.
Dextrose, pH 6.5 were mixed with the aqueous stock solution of Topotecan (20 mg/ml) at
drug/phospholipid ratios in the range!30-360 ng /umol, followed my incubating the
mixture at 58 °C for 45 min, placing on ice for 15 min and removal of unencapsulated
drug by Sephadex G-75 chromatography. Twelve-week old female FvB mice were
injected with the liposomes via the tail vein at a dose of 5 mg Topotecan per kg body

weight (approx. 0.2 mg Topotecan/animal) in triplicate. At indicated times, typically 8




EXAMPLE 22. Topotecan liposomes with entrapped TEA-Pn gradient at various drug/lipid ratios: in
vivo drug retention and circulation longevity in mice. 101971The liposomes (DSPC/Chol/PEG-DSPE at
3:2:0.015 molar ratio, containing [31-1]-CHE at 0.5 inCi/mmol MPG) with encapsulated
gradient-forming salt solution (0.5 N TEA-Pn, pH 6.2, psmolality 413 mmol/kg) were prepared as in
Example 18 using extrusion 12 times through two stacked 100 rim pore size polycarbonate filters, The
liposome size was 107.7-1 19.1 rim by QELS. The liposomes in 5 mM HEPES, 50 g/L Dextrose, pH
6.5 were mixed with the aqueous stock solution of Topotecan (20 mg/m1) at dwg/phospholipid ratios in
the range130-360 tg /umol, followed my incubating the mixture at 58 C for 45 min, placing on ice for 15
min and remoyal of upfgcagf)ulate.d drug by Sephadex 0-75,chromatc%;rap§cf/.. Twelve-week old female
Fv13 mice wel TR dcted WitPITE HSE LS TaE rar R e d: G5CR5E Ry 2PdHstecan per kg body
weight (approkloodzmyFopoesanyahinalcidrtgplidate. b indicted ainnds; aypiedllyT8e 74 hours or 24
hours post inje&ling b e el agestietza. exsandinaiad  and i biogdosgmples were assayed

for the drug and the ljposome lipid as in Example 8. The results are shown in Table 16, After 24 hours,
about 6-32% SYIARSA ARG i ad  ieirdnida dribafen &t mymeaoasre iRk yreRy 200 mglinrnol
phospholipid) irdsuffedimgongeiodrug retention. Table 16.152 vivo drug retention and circulation
longevity of prototype Topotecan liposornes loaded using TEA-Pn gradient method to different

drug/lipid ratiogbEneapsulasealdnisFaBRIRING I SifsHIBaR: Yo T pRISEAT sRsRRINNG encapsulated,

drug/phospholipidinjected.dose% of initial load ratio /mmol After 8 hoursAfter 24 hoursAfter 8
hoursAfter 24’??83?’511'?[ ??ﬁi{bﬁ@%g%&%%ﬁ@?@,T%R@g??g%ﬁ&%%’%ﬁ?‘gfﬁ‘f% 32.1+5.2

Encapsulated Lipid remaining in circulation, %  Topotecan remaining encapsulated,

drug/phospholipid  injected dose % of initial load

ratio, mg/mmol

After 8 hours After 24 hours After 8 hours After 24 hours

127.2+£10.9 36.1+£2.0 18.748.1 51.7%7.1 6.724£2.5
207.2£21.6 32,1252 9.84+1.88 75.6x£13.0 13.8+£3.5
301.3£24.5 34.4£3.2 8.04+4.25 76.2:4:4.2 25.6+4.4
360.3+£35.6 33.6+2 .4 8.68+4.96 73.5£7.0 32.34£9.8

EXAMPLE 23. In vivo drug retention and circulation longevity of Topotecan
liposomes loaded using different entrapped ammonium and
triethylammonium salts. '

[0198]  The liposomes composed of DSPE, cholesterol, and PEG-DSPE (3:1:0.1 by
weight), also containing [PH]-CHE at 0.22 mCi/mmol DSPE, were prepared as in
Example 18, except that the extrusion step included 10 passages through 2 stacked 200-
nm pore filters, 10 passages through 2 stacked 100-nm pore filters, and 20 passages
through 2 stacked 50-nm pore filters. The liposomes contained the following salt

solutions:

[0199] 0.5 N ammonium dextran sulfate solution (A-DS) was prepared from sodium
dextran sulfate (M.w. 5000), purchased from Sigma, and converted into ammonium salt
by the ion exchange procedure similar to that of Example 4. The solution of dextran
sulfuric acid was immediately titrated with 12.4 M aqueous ammonia. The A-DS solution

has pH 5.66, osmolality 208 mmol/kg.



9.84+1.88 75.6+13.0 13.83.5 301.3+24.5 34.4+3.2 8.044.25 79.2+4.2 25.6+4.4 360.3+35.6 33.6+2.4
8.68+4.96 73.5+7.0 32.3+9.8 EXAMPLE 23. in vivo drug retention and circulation longevity of
Topotecan liposomes loaded using different entrapped ammonium and triethylammonium salts.
10198)The liposomes composed of DSPE, cholesterpl, and PEG-DSPE (3:1:0.1 by weight), also
containing [31-1]-CHE at 0.22 mCi/mmol DSPE, were prepared as in Example 18, except that the
extrusion step included 10 passages through 2 stacked 200- nm pore filters, 10 passages through 2

stacked 100-nmyreie filters rane40RaasagR3 dBreKA% 3iReked) J0ippar&: filtars, The liposomes

contained the following salt solutions: ) o .
Example’6, but ammonium hydroxide was used for titration. The solution had pH 6.27,

osmolality 258 mmol/kg.

[0201]  0.47 M triethylammonium sucrose octasulfate (TEA-SOS) was prepared as in
Example 6. The solution has pH 6.6, osmolality 297 mmol/kg.

[0202]  Topotecan was loaded into the liposomes in the aqueous solution of 10 mM
MES-Na, 50 g/L dextrose, pH 6.5, by incubating the liposomes with the drug at 61-62°C
and input drug/phospholipid ratio of 346+1 mg/mmol, for 40 min, followed by incubating
on ice for 10 min. The liposomes were purified from unencapsulated drug by
chromatography on Sephadex (G-25, eluent — aqueous 2 mM Histidine, 144 mM NaCl, pH
6.6 (HCH.

[0203]  Seven to nine week old female Swiss Webster mice were injected via the tail
vein with these liposomal Topotecan formulations at the dose of 5 mg Topotecan per kg
body weight (approx. 0.2 mg Topotecan/animal) in triplicate. After 8 hours or 24 hours
post injection the blood was collected and analyzed for Topotecan and liposome lipid as

in Example 22.

[6204]  The results are presented in Table 17 below. While all three liposome
formulations demonstrated very close liposome circulation longevity, having about 23-
28% of the injected dose remaining in blood 24 hours post injection, unexpectedly the
drug retention in TEA-SOS liposomes and in A-SOS liposomes was better than in A-DS
liposomes both in terms of magnitude (about 2-fold improvement in drug retention) and
statistical significance (statistical significance at 95% confidence level by 2-tailed non-
paired Student's t-test p=0.0257 and p=0.00995, respectively; and by Mann's U-test the
difference was significant with «=0.01). Drug retention in TEA-SOS containing

Topotecan liposomes was better than in A-SOS containing Topotecan liposomes.



[0199)0.5 N ammonium dextran sulfate solution (A-DS) was prepared from sodium dextran sulfate
(M.w. 5000), purchased from Sigma, and converted into ammonium salt by the ion exchange '
procedure similar to that of Example 4. The solution of dextran sulfuric acid was immediately titrated
with 12.4 M aqueous ammonia. The A-DS solution has pH 5.66, osmolality 203 minet/kg. 75
1020010.48 N ammonium sucrose octasulthte (A-SOS) was prepared similar to Example 6, but
ammonium hydroxide was used fur titration. The solution had pH 6.27, osmolality 258 inmol/kg.

1020110.44- M trigthyIamyaanivosHGFORR CFAsH @?&I P YRIREGRASD @SN Example 6. The

solution has pH 6.6, osmolality 297 mmol/kg. 102021 Topotecan was loaded into the liposomes in the
agueous safFRaIrbrstadRA- aNP&“EO“W@@é)&?‘O%@ bIAE BTBPTHEI G ! BB SOmes with the
drug at 61-62T and mput druglphosphollpld ratlo of 3461 mglmmol for 40 min, followed by incubating
on ice for 19-min- HESOME d-from-unen d-dry

Sephadex O- ﬁcg, eluent 5 ueous 2 m i Hlstllﬂem_’i44 ral f\lem%fnmﬁl—rf 6. 6 I—F& caib% Seven to nine
week old female SWlé‘?‘W@lﬁster mic¥RYe injittetPvia tﬁ’éc‘f%fﬂ"i?eq/ﬁ with the¥aMpEebmal riipotecan
formulations at the dozgfob mg T#potecan per kg body wesiightapprox. 0122¢ng Topotecanianimal) in
triplicate. After 8 hours or 24 hours post injection the bloogiavas colfeebad angtanalyzegfas Topotecan
and liposome lipid as in Example 22.102041The results,@@,eS presgpigd in ahle 17 bglgw. While all
three Liposen : v about 23-
28% of theAn‘Pécted déggelfé‘?ﬁamlnﬁjiﬁiﬁl%od 21696% po%t 7ﬁjle%t|cfﬂ 7ﬁh§xp‘é’c?§?j§y thégaﬁﬁé retention in
TEA-SOS l45@Somes3anet I A-SOBlipbsbmediiazs Bette? fHad in?A-BR|ipbsthds béthihterms of
magnitude tahaais2-folg. gnprovemensindrug mwientien) andstatisticalgignficanse (Statistical

significance-at-95% confidencetevet-by-2-taited non=—paired-Student's t-test pr==0-0257-and—
p=0.00995, respectively; and by Mann's U-test the difference was significant with a=0.01). Drug

retention in TEA-SRA 0AAIRIANODLQROIRGAHIPRBOME D M REJIGh LhaN NI R6ImFONtaining
Topotecan Ilposomgﬁete}ﬁnT@,hlgt; n vivo drug retention and circulation persistence of Topotecan
liposomes prepared using TEA-SOS, ammonium-SOS (A-SOS), and ammonium dextran sulfate (ADS.
Gradient [0205]  The circulation longevity and Topotecan release parameters were assessed in

rats. The liposomes (DSPC/Cholesterol/PEG-DSPE molar ratio 3:2:0.015) were prepared

by ethanol mixing/extrusion method and loaded with Topotecan using TEA-Pn gradient
or TEA-Sucrose octasulfate (TEA-SOS) gradient as described in Example 18 and loaded
at various drug/lipid ratios (15-450 mg/mmol phospholipid). For lipid matrix
quantification, the liposome lipid contained [3H]-CHE at 0.5-1.5 mCi/mmol DSPC.
Female Sprague Dawley rats (6-8 week old; body weight about 200 g) with indwelling
central venous catheters were injected 1.v. (via the catheter) with the Topotecan liposomes
at the dose of 4 - 5 mg/kg of body weight. The catheter was flushed with saline. At
selected times (up to 48 hours post injection) the blood samples (0.2-0.3 mL) were drawn
via the catheter into heparinized syringes, mixed with 0.4 mL of cold phosphate buffered
saline with 0.04% EDTA, blood cells were separated by centrifugation, and the
supernatants (PBS-diluted plasma) were assayed for lipid by *H-CHE radioactivity
counting (quenching corrected), and for Topotecan by fluorometry (Example 71). The
assay results were corrected for plasma dilution, calculated from the weight of obtained
blood sample and assuming a hematocryt of 40%. The total blood dose of the drug and
lipid was estimated from the blood volume calculated as 6.5% of the body weight. The
percent of Topotecan retained in the liposomes was calculated by comparing the
drug/lipid ratio at a given time point to the drug/lipid ratio of the injected liposomes.

Table 18 below summarizes blood half-lives of the lipid, the drug, and the half-lives for



Drug/phospho- lipid ratio, Loading efficiency, Liposome size, run Lipid remaining in circulation, %
fopotecan remaining encapsulated. % of initial mgAnmol % injected dose load

24 hours
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drug release, as well as other properties of the-liposomes. Pharmacokinetic (PK) curves
are shown on Figures 8A (lipid) and 8B (drug/lipid ratio). In summary, the blood PK
curves for both drug and lipid fit well to single exponent model (R 0.984-0.999). Despite
their 90-100 nm size and very small amount of PEGylated lipid (0.3 mol.%), the
liposomes unexpectedly showed good circulation longevity (plasma half-lives of the lipid
component were in the range of 11-16 hours). The slowest release of Topotecan (half-

time 22.9 hours) was observed with the liposomes loaded using the TEA-SOS method.

Table 18. Circulation half-life (t;,;) of lipid, drug, and half-time for drug release from the

prototype Topotecan liposomes in rats.

Entrapped salt, Topotecan load, Liposome Injected t), tin ty2 of drug No. of
and concentration  mg/ mmol size, nm dose, lipid,  drug, release, amimals
phospholipid (meantSD)  mg/kg hours  hours hours per group
TEA-Pn 0.5N 124.3%9.7 92.3423.3 4 15.8 4.13 5.34 3
TEA-Pn 0.5N 360.3£35.6 107.7¢19.1 5 12.8 6.06 9.97 2
TEA-SOS 0.643N 439.2415.9 108.8+13.4 5 10.8 7.36 22.87 2

EXAMPLE 25. Drug stability against leakage during storage of Topotecan
liposomes

[0206]  The samples of several prototype formulations prepared for the above-
described studies, were stored at 4-6°C for various times to assess the storage stability of
the encapsulated Topotecan against drug leakage from the liposomes. The liposome
samples were passed through Sephadex G-75 columns, eluted with 20 mM HEPES, 135
mM NaCl, pH 6.5, to remove extraliposomal drug, and analyzed for drug content by
spectrophotometry and for lipid by [3H]-CHE radioactivity counting. The results (Table

19) indicate good retention of Topotecan in the liposomes during storage.

After 8 hours After



After 8 hours After 24 hours A-DS 288.120.6 83.36.0 76.9+22.7 43.71.2 27.7+1.5 43.66.8 18.71.5
A-SOS 346.2+14.3 100,04,1 99.728.9 42.3+2.2 2142.0 53310.8 313.13.2

¥
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Table 19. Drug retention in prototype Topotecan liposomes during storage.

Liposome gradient-forming Liposome size, Initial drugload, Storage Drug load after

salt meantSD, nm  mg drug/mmol time, storage as % of
phospholipid months  initial

TEA-Pn 0.500 N pH 6.2 96.4+29.3 148.5+10.3 8 101.6+5.5

TEA-Pn 0.500 N pH 6.2 107.7+£19.1 127.2410.9 6 94.6+6.2

TEA-Pn 0.500 N pH 6.2 107.7 £19.1 207.2421.6 6 113.949.4

TEA-Pn 0.500 N pH 6.2 107.7+19.1 301.3+24.5 6 112.9+£9.3

TEA-SOS 0.643 NpH 5.6  108.8+13.4 439.2+15.9 2 97.849.4

EXAMPLE 26. In vitro uptake of liposomal and immunoliposomal Topotecan
by HER2-overexpressing cancer cells.

[0207]  This study addressed the capacity of Topotecan-loaded anti-HER2-
immunoliposomes prepared according to the invention to deliver Topotecan specifically
into HER2-overexpressing cells in cell culture. The (immuno)liposomes were prepared
and loaded with Topotecan using TEA-Pn lﬁethod of Example 19. HER-2 overexpressing
human breast carcinoma cells (SKBr-3, ATCC) were grown in modified McCoy 5A
medium (without tricine) supplemented with 10% fetal calf serum, 50 pg/mL
streptomycin sulfate and 50 U/ml penicillin G (complete growth medium) in T-75 flasks
at 37°C, 5% CO,, to confluency. The cells were harvested by trypsinization, inoculated
into 24-well cell culture plates at 150,000 cells/well in 0.5 mL of the complete growth
medium, and allowed to acclimate overnight. The medium was replaced with 0.5 mL of
complete growth medium containing Topotecan formulations at the selected
concentration in the range of 0.01-0.1 mM phospholipid. 'friplicate wells were used for
each condition. Control wells were incubated in the absence of drug and/or liposomes (to
obtain background readings for drug assay). The plates were incubated with slow
agitation at 37°C, 5% CO, for 4-8 hours. The media were aspirated, and the cells were
rinsed 4 times with | mL portions of cold Hanks' balance salt solution containing Ca and
Mg salts. The cells were solubilized by adding 0.1 mL of 1% Triton X-100 in water, and
the amount of drug in the cell lysates was determined by fluorometry (Example 71). The
standard curve was obtained in the range of 10-2500 ng Topotecan/well, and fit to second

order polynomial (to account for self-quenching at higher drug concentration) after



TEA-SOS 340.814.7 98.514.2 99.1.-J:32.6 42.112.3 23.02.9 57.015.6 38.1.16.1 EXAMPLE 24. Drug
and lipid plasma pharmacokinetics of liposomal Topotecan in rats 102051The circulation longevity and
Topotecan release parameters were assessed in rats. The Liposomes (DSPC/Cholesterol/PEO-DSPE
molar ratio 3:2:0.015) were prepared by ethanol !nixing/extrusion method and loaded with "Topotecan
using TEA-Pn gradient or TEA-Sucrose octasulfate (TEA-SOS) gradient as described in Example 18
and loaded at various drug/lipid ratios (15-450 mg/mmol phospholipid). For lipid matrix quantification,

the liposome lpig}containgd 43 BrRGlF- A T B MGIEmAl ARG EomaleSRiague Rawley rats

(6-8 week old; body weight about 200 g) with indwelling central venous catheters were injected iv. (via
the catheter) Wi th&eTolotedarnpossiBy 3 mefaose st 5 R EBIBLHY HEENECthe catheter
was flushed wigh salines Asaigatestimes iR {48 heukspesiunjection) the blood samples (0.2-0.3
mL) were drawn via the catheter into heparinized syringes, mixed with 0.4 mL of cold phosphate
buffered saline;yt,0.04% , d cells were separ Centri tion, a supernatants
(PBS-diluted p g\g%;) Wﬁﬁg E\%gé%g%%? ﬁ%?(? %@%%ﬁ%ﬁ%ﬁ%ﬁdlﬁﬁ? %:bg%%%r%gl?&vutﬁn%?u%n%agorrected),
and for Topoteémﬁnb%ﬂméﬁ%wy%@aﬁfﬁé@i% SFhed ésgayn@mg (verédednressteiglior traseda dilution,
calculated from, g weiaft tahiaea RIaR sAmRE A asskeinga HEIIAIORIRLANG. The total

blood dose of the drug and lipid was estimated from the blood volume calculated as 6.5% of the body

weight. The peftEit GYiigpotss sirretbiedriasstnpaesrnodinpasredldurticg By Coriparikg the
drug/lipid ratio at.given Jime Priakds e dmodipigsationf b isigsiest livpsrmesndRblg18 below

summarizes blood half-lives of the lipid, the drug, and the half-lives for 77 drug release, as well as
other propertieS'5f tHe2TPESIREL P LR RETIREH IPRcSFIEEME DRGAR B BiG e 8Xipid) and
8B (drug/lipid ratigy) winSuunaey.cthebleel Rikeubvies tordbotediugarditipithfiuwelkio, siiegle exponent
model (R2 0'98%79599?%%39-?5 iet}edthe'%r 90110 \nm Siz »Cand ver small amount oftP Gl}llgted lipid (0,3
mol.%), the Iipc?i‘sbl 63 unex%ec %dli}lseﬁ%z\i/\%a g%d FirCOAtEh oﬁ@é@‘fpf%ﬁisgﬁqgsh% SiveS of the lipid
component weientherarigeaifuldld 6 ounsibe slowest release of Topotecan (halftime 22.9 hours)
was observed with the liposomes loaded using the TEA-SOS method. Table 18. Circulation half-life
(t1.2) of lipid, diyg;-and halfrtime fandiparelaass fomq g Reteiyre Japategan liposomes in rats.

Entrapped salt, and concentration Topotecan load, mg / mmol phospholipid .
immunoliposomes containing TEA-Pn (nd, not determined). For liposome characteristics

see Table 12.
Liposome Topotecan Exposure Topotecan uptake by SK-Br-3 cells, ng/100,000 cells
concentration, | concentration | time, hours
mM pg/mL Non-targeted F5- Free drug
phospholipid liposomes Immunoliposomes
0.1 15.5 4 1.45+0.09 163%5.7 nd
0.01 .55 0.185+0.03 60.2%2.0 nd
0.033 5.0 8 3.6242.03 169.6+13.7 5.56+0.91

EXAMPLE 27. Cytotoxicity ofliposdmal and immunoliposomal Topotecan
against HER2-Overexpressing Cancer Cells In Vitro.

[0209]

Once the capacity of anti-HER2 Topotecan immunoliposomes for intracellular

drug delivery into HER2-overexpressing cancer cells was established (Example 26), it

was important to ensure that the internalized liposomes can release the drug in its active

form. To this end, in vitro cytotoxicity of the free Topotecan (i.e., Topotecan formulated

as a solution), liposomal Topotecan, and anti-HER2-immunoliposomal Topotecan was

studied. The liposomal Topotecan formulations were prepared, and SKBr-3 cells were

grown and harvested as described in Example 26. The cells were inoculated into 96-well




Liposome size, um (meanlISD) Injected dose, mg/kg 1-1,2 lipid, hours t112 drug, hours tip of dmg
release, hours No. of animals per group TEA-Pri 0.5N 124.39.7 92.323.3 4 15.8 4.13
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cell culture piétes at 5,000 cells in 0.1 mL of the complete growth medium, in triplicate,
and left to acclimate overnight. Edge-most rows and columns of the plate were left empty.
Sterile preparations of Topotecan liposomes, immunoliposomes, or free drug (freshly
prepared by diluting Topotecan 20 mg/mL stock, pH 3, into unbuffered saline to 2
mg/mL) were diluted with complete drug medium to achieve concentrations starting from
90, 30, or 10 pg/mL and serially diluted down in the medium by the factor of 3. The
media in the wells were replaced with 0.2 mL of drug/liposome dilutions , and incubated
at 37°C, 5% CO,, for specified time (4-6 hours). One well in each row was incubated
with drug-free medium to serve as a non-treated control. The drug-containing media were
aspirated from the wells, the cells were rinsed with 0.2 mL of drug-free medium, and 0.2
mL of fresh drug-free medium was added to all wells. The plates were incubated for 4
days at 37°C, 5% CO,. Without medium change, 0.03 mL ofthe 2 mg/mL solution of a
tetrazolium dye (Thiazolyl Blue, MTT) (Sigma Chemical Co.) in serum-free medium was
added to each well. The plates were incubated for additional 2-3 hours at 37°C, 5% CO,.
The media were aspirated, and the wells were filled with 0.2 mL of 70 vol.% aqueous
isopropanol, 0.075 N HCI, and agitated gently until the formazan dye dissolves (15-30
min). The optical density of the formazan solutions was determined using microplate
photometer at 540 nm. The cell viability as % of non-treated control was calculated as the
ratio of the optical density in the experimental wells to the optical density in the wells
containing non-treated cells, corrected for background. The data were plotted against the
drug concentration, and the IC50 dose was estimated graphically from intersection of the

viability-concentration curve with the 50% viability line.

[0210}]  The results are presented in Figure 9. The drug dose resulting in 50% growth
inhibition (ICsq) for free Topotecan or non-targeted liposomal Topotecan was in excess of
30 pg/mL; for FS-Immunoliposomal Topotecan, 0.15 pg/ml. These results are consistent

with the targeted drug uptake data.



5.34 3 TEA-Pn 0.5N 360.335.6 107.719.1 5 12.8 6.06 9.97 2 TEA-SOS 0.643N 439.215.9 108.813.4 5
10.8 7.36 22.87 2
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EXAMPLE 28. Comparative stability and plasma pharmacokinetics of
liposomal and F5-immunoliposomal Topotecan in mice.

[0211}]  Topotecan liposomes containing radioactive lipid label [EH]-CHE at 1.5
mCi/mmol-of phospholipid were prepared according to Examples 11 and 19 using an
ethanol lipid solution mixing-extrusion procedure under the following conditions:
gradient-forming salt solution: 0.643 N triethylammonium sucrose octasulfate;
polycarbonate membrane extrusion: 15 passages through 2 stacked PCTE filters, 80 nm
pore size; Topotecan loading: drug/phospholipid input ratio 350 mg/mmol (calculated for
Topotecan free base); F5 scFv conjugation was performed as described in Example 19.

The liposomes had the following characteristics:
[0212]  Size by QELS: weight average 101.2 nm; standard deviation, 20.1 nm.

[0213]  Drug encapsulation: Topotecan liposomes (Topo-Ls) 359.3+27.4 mg/mmol
phospholipid; Topotecan F5scFv-immunoliposomes (Topo-F5-ILs) 326.3£15.9 mg/mmol

phospholipid.

[0214]  The study was performed generally as in Example 22. The groups of nine male
Swiss Webster mice (8-10 week old, 24-27 g) were injected via tail vein with Topo-Ls,
Topo-F51Ls, or freshly prepared Topotecan 1 mg/mL in unbuffered saline, at the dose of
5 mg Topotecan base per kg of the body weight (equivalent to the lipid dose of 14-16
pmol of phospholipid/kg body weight). At 1 hour, 8 hour, or 24 hour post injection time
points, 3 animals per time point were exsanguinated via open heart punction under
Ketamine/Xylazine anesthesia, the blood was collected into tubes containing PBS-EDTA,
and assayed for Topotecan (fluorometry) and liposome lipid (by radioactivity scintillation
counting). The amounts of drug and lipid dose remaining in the blood at given time points
were calculated from the administered dose being taken as 100%, assuming the blood
amount per animal as 6.3% of the body weight, and packed blood cell fraction of 45%.
The amount of drug remaining encapsulated in the liposomes at each time point was
calculated for each animal individually by comparing drug/lipid radioactivity ratio of the
plasma samples with that of the injected liposomes. The amount of free Topotecan in the
plasma samples collected at 1 hour post injection was less than 1% of the injected dose
(indeed, they were below the detection limit of our assay method); therefore, further time

points of the free Topotecan group were not studied. Because of the fast blood clearance



EXAMPLE 25. Drug stability against leakage during storage of Topoteean liposomes 102061The
samples of several prototype formulations prepared for the above- described studies, were stored at
4-6C for various times to assess the storage stability of the encapsulated Topotecan against drug
leakage from the liposomes. The liposome samges were passed through Sephadex 0-75 columns,
eluted with 20 mM HEPES, 135 mM NaC1, pH 6.5, to remove extraliposomal drug, and analyzed for
drug content by spectrophotometry and for lipid by [3H]-CHE radioactivity counting. The results (Table
19) indicateagddelvrétenditayd TDPotdcaicctheviposonudsidtirrsgrstdings. Tipd8cTaliderd. Drug
retention in pr k 1! IpQsamegiagdient-forming salt Liposome
size, mean+%%}?r?{£(?l%ﬁ?§q§§§g§ %Aali%gsrrn%gg} gr%g% Ill-1 %g}%ﬁgs%&%%%?d Storaligogét?f%ﬁé, months Drug load

after storage as_% of igitial TEA-Pn 0.500 N pH 6.2 96.429.3 148.510.3 8 101.65.5
?0215] The results are summarized in Table 21 below. Remarkably, the liposomes

prepared according to the invention retained 79-85% of the original drug load even 24
hours after injection into the bloodstream of the animals. The differences between
average plasma values of the lipid or drug between the liposome and immunoliposome
groups were in the range of 1.8-13.6% and were close to, or within the range of, assay
errors. Probabilities of the null hypothesis between the liposome and immunoliposome
group with regard to drug or lipid values at each time point, calculated using Student's t-
test, were in the range of 0.543-0.938. We conclude that the differences in residual blood
levels of the drug or lipid between the two preparations were negligible and statistically

indistinguishable.

Table 21. The amounts of liposome lipid, Topotecan, and of Topotecan remaining

encapsulated in the liposomes in the plasma of mice at various time points post i.v.

injection.
Time post injection Lipid, % of Drug, % of Drug/Lipid, % of pre-
injected dose injected dose injection value
F5-conjugated liposomal Topotecan (Topo-F5ILs):
1 hour 57.58+4.95 55.45+7.23 96.1417.32
8 hours 35.37+3.84 34.18+5.87 96.31+£11.92
24 hours 15.51+11.84 12.3049.02 79.36+8.03
Liposomal Topotecan (unconjugated) (Topo-Ls):
I hour 58.88+9.51 57.63£9.45 97.90+5.29
8 hours 39.61£1.99 38.82+1.49 08.0614.44
24 hours 15.844+3.85 13.45+2.64 85.25+7.03

EXAMPLE 29. Antitumor efficacy of liposomal and anti-HER2-
immunoliposomal Topotecan in BT-474 xenograft model.

[0216] In this study we used the first prototype Topotecan immunoliposomes that use

triethylammonium-polyphosphate gradient for drug entrapment. The liposomes were




TEA-Pn 0.500 N pH 6.2 107.719.1 127.210.9 6 94.66.2 TEA-Pn 0.500 N pfl 6.2 107.7 19.1
207.2:121.6 6 113.99.4 TEA-Pn 0.500 N pH 6.2 107.719.1 301.324.5 6 112,99.3 TEA-SOS 0.643 N
pH 5.6 108.813.4 439.27E15.9
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prepared generally following the methods of Examples 11 and 19. Lipid matrix
components - DSPC (Avanti Polar Lipids; 3 mol. parts), Cholesterol (Calbiochem,
98.3%; 2 mol. parts) and methoxy-PEG(2000)-DSPE (Avanti Polar Lipids, 0.015 mol.
parts) - were combined with 100% ethanol USP to give the solution containing 0.5 mM
phospholipid at 60°C. The ethanol lipid solution was diluted at 60°C with the aqueous
triethylammonium polyphosphate solution (0.608 M triethylamine, 0.65 N phosphate, pH
6.1, osmolality 531 mmol/kg), mixed thoroughly, and extruded 10 times through 2
stacked polycarbonate membranes with the poré size of 100 nm (Nuclepore, Corning)
using thermostatted gas-pressure extruder (Lipex Biomembranes) at 60°C. The extruded
'liposomes were chilled on ice, and unencapsulated triethylammonium polyphosphate was
removed by gel chromatography on Sepharose CL-4B using 5% dextrose-5 mM HEPES-
Na buffer, pH 6.5, as eluent. The liposome size was 103.8435.1 nm by QELS. The
liposomes in this buffer were incubated with Topotecan hydrochloride at 60°C for 30
min. at the ratio of 0.35 mg Topotecan base per pmol of phospholipid. At the end of
incubation, the liposomes were chilled on ice and chromatographed on Sephadex G-75,
eluent 20 mM HEPES-Na, 135 mM NaCl, pH 6.5, to remove any unencapsulated drug.
The drug content was determined by fluorometry, and the lipid content by phosphate
assay as previously reported. Liposomal Topotecan so obtained has 365.4+23.1 mg
Topotecan base per mmol of phospholipid. To prepare HER2-targeted Topotecan
immunoliposomes, a portion of this liposomal Topotecan preparation was incubated with
the purified conjugate of anti-HER2 scFv F5 and maleimido-PEG-DSPE linker generally
as described in Example 19. Briefly, F5-PEG-DSPE conjugate in aqueous 10% sucrose-
10 mM Na citrate solution, pH 6.5, was combined with Topotecan liposomes at the ratio
of 15 mg protein per mmol of liposome phospholipid, and incubated at 60°C for 30 min.
The incubation mixture was chilled on ice and chromatographed on Sepharose CL-4B,
eluent 20 mM HEPES-Na, 135 mM NaCl, pH 6.5, to remove any unincorporated scFv

conjugate. The drug-to-lipid ratio decreased by 14 % following this additional incubation.

{62177  The Topotecan liposome and immunoliposome formulations containing 1-2
mg/mL of Topotecan were passed through 0.2 micron sterile syringe filter, dispensed

aseptically into polypropylene vials and stored at 4-6°C for up to 1 month before use.




2 971:1=9.4 EXAMPLE 26. In vitro uptake of liposomal and immunoliposomal Topotecan by
HER2-overexpressing cancer cells. 102071This study addressed the capacity of Topotecan-loaded
anti-HER2- immunoliposomes prepared according to the invention to deliver Topotecan specifically
into HER2-overexpressing cells in cell culture. Theg{immuno)liposomes were prepared and loaded with
Topotecan using TEA-Pn method of Example 19. HER-2 overexpressing human breast carcinoma
cells (SKBr-3, ATCC) were grown in modified McCoy 5A medium (without tricine) supplemented with
10% fetal calf serum, 50 ughnl”, streptomycin sulfate and 50 U/ml penicillin G (complete growth
medium) in T-78%188ks &Fo57E0Pssrceowsth ehhRISARTPHE SSIY We fe PAURGRR I B iHShization,
inoculated intopAvieethcethettiure phateskabISMOoRelisl e bisstkb thtbughthe-adaplese-grewth
medium, and ail{ﬁ\é\{ed to acclimate overnight. The medium was replaced with 0.5 mL of complete
growth medium containing Topotecan formulations at the selected concentration in the range of
0.01-0.1 mM phospholipid. Triplicate wells were used for each condition. Control wells were incubated
in the absencel82HtLg ahdii&iposermes (i bl hhbrgroupidas A8Me s Tomaniy*§88aAit The plates
were incubated,ith sleveagitalion & A2Gia% O IRi18 haurs, hecmediameseaspirated, and the

cells were rinsed 4 times with 1 mL portions of cold Hanks balance salt solution containing Ca and Mg
salts. The cellAVERISIBEINB By Bd8MGEAAh P BP0 HRIORR 18 TA Ghiae A rerdRfbunt of drug

in the cell lysatesovasedgienmingd bynftdoresptsy (Examplecal. Aheastandard sidrye yeas obtained in
the range of 10-2500 ri%tg%)}fotecanlwell, and ﬁ%‘ét*? second or eréﬁo nomial (to.account for

Iy,
self-quenching ST RIgRGF BFLG b CBT AGRSTSHEY 70" SublALTEL LA ST Bt B SeD

ce rescence
background. Whenadamiosepldiedtu aremetedwvas Used/did didtevsalecton iwasdd0/80aenfor
excitation; 530/%]5 run for emission. Both cuvette- and microplate fluor tersgave he same results.
102081The resu 5518}0t %a?eiap%ﬁ‘rn&;eﬁlt%r%r}ée%Ltj%mo(r?%ﬁzagl |§$'1‘§% énfBl%é gv%?‘?%erénv?/aézp%%lﬁnent
cellular uptake wftsl ERZitsrgetechbiposmh by deugediy300utirvedabiigtheeshamof moctdegeted fiposomal

Topotecan). Intgrestiogly Miaks, ot diesed 99%9%W@mlé%ﬁégmfm@twiJg\ee%rgmmwégﬁ%mfgeted

immunoliposomal Topotecan. This may be explained by rapid hydrolysis of the camptothecin lactone
ring of TopotecRSSHTEEEMYHINs Belegr6iste HidtAsH in the presence of serum, generating the
carboxylate form of the drug which may have lower cell permeability and lower cytotoxicity. In
summary, the gbilitgjof cellxiargetesdintediializablenmligandydoajugated ivmiuneligosames to deliver

Topotecan mtracellult?\gle\( was gorgflgmed. Table.20. lln vitro cellular uzpt[ake. ¢ ,To(plotec T]Ilposomes and

anti-HER2 immrﬁsh%ﬁlcpos me cséjn?alniﬂ%()jlﬁl%% mﬁéf o gg{g%ﬁe&)fvﬁér |pr856 he characteristics

see Table 12. @Mmmem@ﬁoémréﬁbﬁ;mmr@rﬁsphgﬂtﬁpiidipommté@awmﬁaﬁeﬁ aetfiaL Exposure
Erne, hours TO@%&?%B‘M@@@X &l@t%@ﬁ%l’égé%%@ QQ&Q GBIIR end of the observation period

were significantly different among the treatment groups (p values by non-paired 2-tailed
Student's t-test werel.2x107 for free v. immunoliposomal drug, 0.000114 for free v.
liposomal drug, and 0.00718 for liposomal v. immunoliposomal drug). Thus, liposomally
encapsulatéd Topotecan was more active than the free drug, and anti-HER2
mmmunoliposomal Topotecan was more active than non-targeted liposomal drug. In the
liposomal and immunoliposomal group, after initial regression, tumor regrowth occurred
within 10 days of the last treatment. There was no tumor regression in the free drug
group. It was noticed that the liposomal formulations of Topotecan at a given dose were
more toxic than the free drug. There was gastrointestinal toxicity. The animals receiving
liposomal Topotecan developed diarrhea and suffered body weight loss averaging about
14% at its peak. While in the non-targeted liposomal group the animals recovered, except
one (12.5%) that had persistent 15% weight loss at the end of study, in the F5-targeted
group five animals (41.6%) developed terminal morbidity and expired; and two more
(16.7%) had persistent weight loss of about 15%. In the control group and free drug

group, there was no weight loss or treatment-related morbidity.




Non-targeted liposomes F5- | inmunoliposomes Free drug 0.1 15.5 4 1.45+0.09 163+5.7 nd 0.01 1.55
4 0.185+-0.03 60.2+2.0 nd
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EXAMPLE 30. Maximum tolerated dose (MTD) of free and liposomal
Topotecan in mice given in 3 weekly i.v. injections.

[0221)  This study used a liposome Topotecan formulation prepared as in to Example
29, except the triethylammonium polyphosphate solution was replaced with
triethylammonium sucrose octasulfate solution having 0.65 M triethylammonium, pH 6.2;
and for extrusion 80-nm polycarbonate membrane filters were used instead of 100-nm.
Volume-weighted liposome size determined by quasi-elastic light scattering method in
Gaussian approximation (QELS) was 95.1£19.6 nm (averaget+SD); drug/lipid ratio was
369.1x18.3 mg/mmol phospholipid. Five-six week old female Swiss-Webster mice (18-
20 g) in the groups of two received three 1.v. (tail vein) injections of free or liposomal
Topotecan on a once-a-week schedule, starting from the dose of 2 mg/kg Topotecan base
per injection and in»creasing to each subsequent group by the factor of 1.8 to the dose of
37.8 mg/kg. lmmunoliposomal Topotecan was not included in this study. Animal body
weight and general health was monitored daily. Progressive weight loss of more than 20%
or natural death at any tume in any of two animals in a group during the period of ten days
since the beginning of treatment were considered indicative of the toxic dose. According
to the animal mortality and weight data MTD was determined to fall within the range of
11.7-21 mg/kg for free Topotecan, and 2.0-3.6 mg/kg for liposomal (Prototype 2)
Topotecan. In the second study, the mice received injections of the free, liposomal, or F5-
immunoliposomal Topotecan (prepared from the liposomal Topotecan of this Example as
described in Example 29) with the doses from 2.0 mg/kg (liposomal/immunoliposomal
Topotecan) or 12 mg/kg (free Topotecan), and increased to each subsequent group by the
factor of 1.15 until the dose next to the upper range of the established MTD interval was
achieved. The highest dose that did not result in death or terminal morbidity in any of the
animals was considered an MTD and was found to be 18.4 mg/kg for free Topotecan, 3.0
mg/kg for liposomal Topotecan, and 3.0 mg/kg for immunoliposomal Topotecan. Thus,

liposomal Topotecan showed greater toxicity than the free drug.

EXAMPLE 31. Antitumor efficacy of liposomal Topotecan in BT-474
xenograft model at the range of 0.125-1.0xMTD

{0222}  The Topotecan liposomes and FS-immunoliposomes of Example 30 were used
in this study. BT-474 subcutaneous xenografts were raised in nude mice as in Example

29. At day 18 after tumor cell inoculation the animals with tumors (105-345 cubic mm,



0.033 5.0 8 3.62+2.03169.6+13.7 5.56+0.91 EXAMPLE 27. Cytotoxicity of liposomal and
immonoliposomal Topotccatt against HER2-Overexpressing Cancer Cells In Vitro. 1020910nce the
capacity of anti-HER2 Topotecan immunoliposomes for intracellular drug delivery into
HER2-overexpressing cancer cells was established,(Example 26), it was important to ensure that the
internalized liposomes can release the drug in its active form. To this end, in vitro cytotoxicity of the
free Topotecan (i.e., Topotecan formulated as a solution), liposornal Topotecan, and
anti-HER2-immunoliposomal Topotecan was studied. The liposomal Topotecan formulations were

prepared, and 3i€EESRHEANE Y FIWR e hErissrser A HdSeaimanl I EIRs Ab R B HE ddts were
inoculated into £@-weth: 80 gelicultareplatesatp, 000 elisint:divel pidhe Gamplete growth medium,
in triplicate, ang. left to acclj overnight. Edge-maost rows and columns of. the plate were left empty.
Sterile prepara |89%t%claﬁ“8tplc%]§<:an’ ;ép%%\gﬂas?i%ﬁll\ﬁmﬁgﬁB&Q(jr???é@f{ﬁ)f%élfﬁeubv(fﬁ%gé&f??}repared by
diluting Topotebaeng@qmg/my !_é%totk, ooid 3] mm nnmtmrffea.senies'a)hiné” tie @mglptouyveteeditdted vyith _
down inthe madlodt By (0 TAL T s e RO ane peru SR et
drugiliposome dilutitomss, 2asmi b, BRT696 OB 2ot spebifichimer(6, foukghoOne well in
each row was IpgyRRIed AHGHTTRE MRYUMQ.S6RE,AS AP IRARd BpOOL.FhgfiHO-containing

media were aspirated from the wells, the cells were rinsed with 0.2 mL of drug-free medium, and 0.2
mi. of fresh drufoffedaiidigm by sighcteesapmens. THEdplatRsOrEaREAMIER fpwedays at 37C, 5%

CO2. Without mgglium.chanae (8:934T 1k of the) 21mainl. spition efatelrazaiumdyecLThiazolyl Blue,

1VITT) (Sigma:Chemical C?#J,n serum-free medium was added to each well. The plates were
incubated for aBEiEHa SHHRL AN ELS G ED R kL G M ER S AL SRR Bells were

filled with 0.2 m{l/of 70 volL%) aauedustsopipRanel 0o hkibkOs fand agitatacgartls ostil the fonnazan
dye dissolves (15-30 tmin@The OBtiCtaé%efﬁ&SitX of the forr.rgazan Soluttio[és was determin d using
microplate pho%?nle%rrg% 26 A e ceft Vis elﬁ%f/ DB SFROA RO E Bt WS CHidlilated as the
ratio of the opticalrelensityrirptioeiexpdriynemniab wills talthedgptioghdensitidd the aslleiscontaining
non-treated cells, corr f .The. re plotte nst the centration, and
the 1050 dose 1 LT B T et e
50% viability lirftecicas DIbrde vesgitd dheupiéSenfbbin FigeneenTabiektigidess ressiitihig in 50% growth
inhibition (IC5021§%{1;56@?T opotecan or non-targeted liposomal Topote can was in excess of 30 tigimL;
for F5-Immunoliposornal Topotecart, 0.15 fig/MU These results are consistent with the targeted drug

uptake data Si EXA arative stability and plasma pharmacokinetics of liposomal and
: : 54. Preparafion and targeled in viiro cytotoxicity of lopotecan
F5-immunoliposomal ;Topotecan in‘mice. " . .
liposomes prepared using triethylammonium sucrooctasulfate entrapment
method.

[6223]  Liposomal Topotecan was prepared generally following the procedure of
Example 18, using the entrapped solution of TEA-SOS having 643 mM TEA, pH 5.7,
osmolality 530 mmol/kg, and drug/phospholipid ratio of 170 mg/mmol. The liposomes
had 155 mg drug/mmol phospholipid; 90% loading efficiency, and particle size 105 nm.
These liposomes were incubated with the micellar solution of FS-PEG-DSPE conjugate at
about 30 scFv per liposomes (15 mg antibody/mmol phospholipid) at 60°C for 1 hour
generally as described in Example 19. Antibody-conjugated liposomes were separated by
SEC using Sepharose CL-4B and formulated into HBS-6.5 HEPES-buffered saline.
There was no detectable change in drug/lipid ratio during the attachment of anti-HER2
scFv (F5).

[0224]  The uptake of Topotecan formulations by cancer cells was determined as
follows. HER2-overexpressing human breast adenocarcinoma cetls (SK-Br-3, ATCC

HTB-30) were plated into 24-well cell culture plates at 150,000 cells/well and acclimated




102111 Topotecan liposomes containing radioactive lipid label [3H]-CHE at 1.5 mCiimmol*of .
phospholipid were prepared according to Examples 11 and 19 using an ethanol lipid solution
mixing-extrusion procedure under the following conditions: gradient-forming salt solution: 0.643 N
triethylammonium sucrose octasulfate; polycarbongte membrane extrusion: 15 passages through 2
stacked PCTE filters, 80 nm pore size; Topotecan loading: drugiphospholipid input ratio 350 mg/mmol
(calculated for Topotecan free base); F5 seFv conjugation was performed as described in Example 19.
The liposomes hadgg%f IIo charact erl 0 12/S|z ELS: wel verage 1012 nm;
standard devidtion %O%Tgﬂsru &n ap'g lz %%%t%e%cgetﬁ?p%nsomeia(%g(g Ls) 359.327.4
mg/mmol phosphmmeWmmm%smmmhln@ﬂpns@tﬂlegspmogmmg))ﬁ@&@l@g\ing/mmol
phosphol ip! cl 4023 HTNG Sl asperlomed.aeneraly as inframple g gioyps of nine male

Swiss Webster mice (8-10 week old, 24-27 g) were injected via tail vein with Topo-Ls, Topo-F5ILs, or

freshly preparédtispsteeae Frizealn tidnBukted 98B YantHb g Se0nrm i) Wﬁét@éalrﬁ),base per kg
of the body waighttemnivialenttn thelpiddossoalddplbimalafrhesphalipidikarboeyyveight). At 1

hour, 8 hour, or 24 hour post injection time Eomts 3 anlmalsi)er tlmevfomt were exsanguinated via
open heart puﬁﬁﬁéﬁ‘ﬂﬁdg}e%wﬁﬁmfﬁﬁﬁ% Fe ey hiBlssd-was EoHdEldP RS fibes
containing PB&IGXEA | @ndoassayea dar dropatecan diipasamely y)andlipesaeéiipich{by radioactivity
scintillation counting). The amounts of drug and lipid dose remaining in the blood at given time points
were Ca|CU|ateF£l§'iQ'ﬁ“ﬂﬁaéﬁéTHF] &Qa@k?%%o@@dﬁ}gb?gﬁﬂ@% %%@cmwgeme blood amount per

animal as 6.3%.of the _baod ked. blood on.of 4 amoun

remaining encaiEtHEET in the Ilposomes at g&eﬁt?ﬁﬁbuﬁﬁﬁﬁ%% calca%ﬁ%@%}%éﬁ éh(i)rﬁél |nd|V|duaIIy
by comparing drug/lipid radloactlwty ratio of mmmﬁ@m@mmﬂ@@mthﬁmwt)gbﬁ)lmep@mosomes
The amount ef-freeTopote is f was-less than
1% of the inje 8 GEEE method); therefore,
further time pqmbfailgetéfﬂ@a'@mmecan grogpgvgeﬂfq not studled Becwnsa ﬂhtt;e fast blood clearance
82 and low bloodleve opbotecan-W med-th an =

blood at all tm@b%lﬁr@?r@ﬁ‘i}@é@h @rﬁ§8§omall§1§ﬁc55§ulated Topotec 4f5§551The results are
summarized in Table 21 below. Remarkably, the Tiposomes prepared according to the invention
retained 79-899221]the Gyigimatulyud foad Sveric2dnHouns] aftes ingectoflifoheidoadstream of the
animals. e JliR'SRCSBARMERN fueiAqe RRsIANGHCS b e IR arAaRRUNSRD Hie Tnosome

and immunoliposome groups were In t .8-13.6% and were close to, or within the range of,

assay errors. Pdbeipi ﬁ%lé@&oﬁl@ww%p@ﬂﬁ%ﬁléﬁﬁl@&%ﬁ@qlp&éﬁ‘ﬁé‘ Anth irisaFBEPosome group
with regard to giug,erliRic YaliRs:at eAGR Yitne RO calGH aled Usingnelpdeihs trigstewgre in the

range of 0.543-0.938. We conclude that the differences in residual blood levels of the drug or lipid
between the tWorpieparatiordinaronthngibr 2h sttffrRamPItNaa g HaneEe Taeed 1. The

amounts of LipageraedipidiTonpieeah sad of Hepaiegan rmaining ensapsulairdindhe iposomes in
the plasma of mice at various time points post i.v. |mect|on Time post injection Lipid, %dof injected

dose Drug, % Hﬁﬁﬁj@‘ﬂ.ﬁﬁﬁr %lbwﬁ%le mga Wi ljléé?%/h}%}aﬁﬁ TT) tetrazolium assay an

expressed as % of that of control (non-treated) cells. The results are presented on Figure

10. Topotecan immunoliposomes were more cytotoxic (ICsp 0.15-0.5 pg/mL) than non-

targeted Topotecan liposomes (ICsp 2 3.1. pg/mL) and free Topotecan (ICso 2 2.3 pg/mlL)

EXAMPLE 33. I vivo stability of Topotecan liposomes of different size.

[0226]  The liposomes containing TEA-Pn were prepared as in Example 22 using
extrusion 12 times through 100 nm pore size polycarbonate membranes or additionally
12 times through 50 nm pore size polycarbonate membranes. Topotecan (TPT) was
added at a ratio of 150 pg /umol phospholipid.. The loading was completed at 58 °C for
45 min a hot water bath, followed by quenching on ice. The efficiency of loading for the

50-nm- and 100-nm-extruded liposome was 126.80 + 19.24 ug TPT/umol PL (84.5 %




F5-conjugated liposomal Topotecan (Topo-F5ILs): 1 hour 57.584.95 55.457.23 96.147.32 8 hours
35.373.84 34.185.87 96.3111.92 24 hours 15.5111.84 12.309.02 79.368.03 Liposomal Topotecan
(unconjugated) (Topo-Ls):

88

12.8 %) and 148.48 = 10.26 ug TPT/pmol PL (99.0 £ 6.8 %), respectively. Female Swiss
Webster mice in the groups of three were injected intravenously with one of the two
formulations of Ls-TPT at a dose of 5 mg TPT/kg. The mice were sacrificed after 6 h
and the blood was collected. Plasma was analyzed for TPT and liposome lipid as

described in Example 22. The results are presented in Table 23.

Table 23. In vivo stability of Ls-TPT of different sizes loaded using TEA-Pn entrapment

method.

Liposome size, nm  Drugin plasma, %  Liposome lipid in Drug/lipid ratio, % of pre-
of injected dose plasma, % of injection value

injected dose

7424 21.6 32.93+197 45.7x2.2 72.06 £ 5.51

96.4+29.3 33.26 % 3.56 37.6+£53 88.41£15.68

EXAMPLE 34. Synthesis and liposome encapsulation of 6-(3-aminopropyl)

ellipticine (6-APE).
[02277  6-(3-aminopropyl)ellipticine was prepared from ellipticine in a two-step
method based on the procedure by Werbel et al., J. Med. Chem. 1986, v.29, p.1321-1322.
501.4 mg of ellipticine base (NSC 71795} (Aldrich Chemical Co.) was stirred with
approximately 100 mg of sodium hydride (Sigma; washed with anhydrous petroleum
ether) in 5 ml of dry dimethylformamide (DMF) at room temperature for 30 min. To this
mixture, a solution of 678 mg of N-bromopropylphtalimide (Aldrich) in 2 mL of dry
DMF was added dropwise. The purple-colored reaction mixture was stirred under argon
overnight, treated with [ mL of water, and poured into 60 ml of water. The mixture was
extracted twice with 25 mL of methylene chloride, the extract was dried over anhydrous
sodium sulfate, and passed through a layer of neutral alumina. The alumina layer was
rinsed twice with 10 mL of methylene chloride and the combined filtrate and rinses were
brought to dryness in vacuum. The product was stirred overnight with 20 ml of absolute
ethanol and 2 m! of anhydrous hydrazine at room temperature, The obtained slurry was
filtered under vacuum, a yellow filtrate was diluted with 50 mL of 0.2 N NaOH and
extracted with two portions (75 ml and 50 ml) of chloroform. The chloroform extract was

dried over Na;S04 and brought to dryness in vacuum. Crude product (yield 408 mg) was



1 hour 58.889.51 57.639.45 97.905.29 8 hours 39.611.99 38.821.49 98.064.44 24 hours 15.843.85
13.452.64 85.257.03 EXAMPLE 29. Antitumor efficacy of liposomal and anti-HER2- immunoliposomal
Topotecan in ST-474 xenograft model. 102161In this study we used the first prototype Topotecan
immunoliposomes that use triethylammonium-polyghosphate gradient for drug entrapment. The
liposomes were 83

chromatographed on silica 60 column eluted isocratically with chloroform-methanol
mixture (7:3 by volume), saturated with dry trimethylamine. The fractions eluted in a
second yellow-colored band, following un-reacted ellipticine, were shown to contain the
desired compound in approximately 30% vield. The structure was confirmed by 'H-
NMR. TLC: Ry 0.29-0.31 (Silica 60; CHCI;-MeOH 7:3 by volume, saturated with
trimethylamine). Ellipticine, Ry 0.81-0.83. The obtained compound was converted into
dihydrochloride salt by dissolving in anhydrous ethanol and titration with 6 N HCl
solution in dry isopropanol. The orange crystals of 6-APE dihydrochloride (NSC 176328)

were filtered out, rinsed with ether, and dried in vacuum. Yield of dihydrochloride 86%.

[0228]  The liposomes were prepared by hydration of the neat lipid film of DSPC,
Cholesterol, and PEG(M.w. 2,000)-DSPE (3:2:0.015 molar ratio) in a solution of
trimethylammonium polyphosphate (TMA-Pn) at 0.5 M TMA, pH 5.6, at 60°C, followed
by six cycles of rapid freezing (-78°C) and thawing (60°C), and extrusion ten times
through two stacked 50-nm pore size polycarbonate filters. Unencapsulated TMA-Pn was
removed using a Sepharose CL-4B column eluted with HEPES-Dextrose (5 mM HEPES,
5 % Dextrose, pH 5.5). The liposome size was 85.7 & 32.1 nm.

{0229}  Concentrated 6-APE solution (10 mg/ml) was added to the TMA-Pn-containing
liposomes at a drug-to-phospholipid ratio of 100 ug APE/umol phospholipid, the mixture
was incubated at 58 °C for 45 min, and quickly cooled down on ice for 15 min.
Unencapsulated drug was removed by gel chromatography on a Sephadex G-75 column
eluted with HEPES-Dextrose buffer (5 mM HEPES-Na, 5 % dextrose, pH 6.5).
Liposome-entrapped APE was then quantitated by spectrophotometry as in Example 71,
and liposome phospholipid was determined using the extraction assay of Example 70.

The drug encapsulation was practically quantitative.

EXAMPLE 35. Preparation of HER2-targeted immunoliposomal 6-APE and
cytotoxicity of 6-APE formulations against HER2-overexpressing BT-474
breast cancer cells in vitro.

[0230]  Liposomes with encapsulated 6-APE (Ls-APE) were prepared as in Example
34 above. Anti-HER2 immunoliposomes with encapsulated 6-APE (F5-ILs-APE) were
prepared from Ls-APE by the method of Example 19. An MTT-based cell viability assay
of Example 27 was used to determine the cytotoxicity of 6-APE delivered as a solution,

Ls-APE, or as HER2-targeted F5-ILs-APE against HER2-overexpressing human breast



prepared generally following the methods of Examples 11 and 19. Lipid matrix components - DSPC
(Avant' Polar Lipids; 3 mot. parts), Cholesterol (Calbiochem, 98.3%; 2 mol. parts) and
methoxy-PEG(2000)-DSPE (Avanti Polar Lipids, 0.015 mol. parts) - were combined with 100% ethanol
USP to give the solution containing 0.5 mM phosphglipid at 60C. The ethanol lipid solution was diluted
at 60C with the aqueous triethylammonium polyphosphate solution (0.608 M triethylamine, 0.65 N
phosphate, pH 6.1, osmolality 531 mmol/kg), mixed thoroughly, and extruded 10 times through 2
stacked polycarbonate me t&( ith the pore size of 100 nm (Nuclepore. Corning).using
thermostatic(’ gcggc-lﬁlr()erg%ﬁ?gg e %%Z?%I%%&eg?oﬁéem%%ﬁ%as Oﬁ%&?%@&ﬂ%ﬁ# ri([?)i)ohsoé’lrfﬁes. were
chilled on ice, and prsénoapsisdiedrriethyd amdioniim3pblypAdsphatisweasshomoved fpypigels.
Chfomatograp%@icssoePJWQ@%%—fé@z‘éﬁi&%??&%ﬂfﬁ&ﬂf‘AYiéiEan’ BB QUNSE AT §;2.¢8S eluent.

The Liposome size was 103.8+.351 mu . 'The liposomes in this bufferwere incubated with
Topotecan hydreericsd b6 60E fops30 thire afatalldot 0850 Topbtelarigse peiiviiinol of
phosnholipid. %t%@mr%étmmmgﬁehiﬁfmg%wg@Mﬁ%@@d%@t&%@m@a%aphed on
Sephadex G-75, einem 20 mlyl HEPES-Na, 135 mivl NaC1, pH 6.5, to remove any unencapsulated
drug. The drug ESHEEHEHER determined by tluorometry, and the lipid content by phosphate assay as
previously reported. Liposomal Topotecan so obtained has 365.4+23.1 mg Topotecan base per mrnol
of phospholipid. To prEad PIER®{&GéMked akgpetbbamiinalipocdijpat tinesy jpakticihved Hisligosomal
Topotecan preparatiorytedsxinitybgtés vitm the @ilsifredizonjugate of anti-HER2 seFv F.5 and
maleimido-PEG-DSPE linker generally as described in Example 19. Briefly, F5-PEG-DSPE conjugate
in aqueous 109§ &¥trosé-16 Fgmaﬂr’é? LRSS UG END BRI BRsH5ECES R E iRt PopBteitan liposomes
at the ratio of 1pmgdaretainneapfenekahdPpepmel phospbelipil oandincupatert ah60H 680 min. The

incubation mixture was chillef on ice and chromatographed on Sepharose CL-4BTeIu%Qt 20 rnM
HEPES-Na, 1354ANFNSEIPIPES, 48 FEMEvEPsHy Uindd b ey SER BERGRIE FFe drug-to-lipid
ratio decreased:hyl 405 falow)ng ks additoriabipebatpad b0 2F4b Therigpeiecanriposome and
immunoliposo armuylations containing 1-2 ingimL of T n were passed through Q1 micron
sterile syringerRE%(?, Sdis%,% ﬁ’setg%g gs?é%ff’ca%%r? tﬁ%’l%%p@i%f\@%@?%%@%% t%‘itg%ﬂé“%%?%% tol
month before use mB4AUDX IR bRidaT Gpatecan was frediy prephfidid: byrdisse\iaghTdpotetan
Hydrochloride powderat 2 NGk &, &ﬂ%%%%%i%%?@%%%mg%%@%% %‘%%%&éﬁm'cmn

syringe filter. 102191A HER2-overexpressing BT-474 human breast adenoc a xenograft model

was establishedalseldesiisad findueara flBmaonstersrntl padttamviciaseltdtish, thelgstedhie having

tumors in the rapge.efh120:3hRkerRic MICMSES Seleciad g rapdemizechinia 3 teaimentand | control
group of 12 animals each. At days 14, 18, and 21 post tumor ingculation the mice were treated with

i.v..(tail vein) inj‘&ﬁo?n“é'BP%B&@BHHW?W&}TOF@%%%%@Y RaIR HELRHIERIGRY BSEy weight, or
with equal volume:af physiplsgicalisaline: Gerserat-realth ofthegoimalswasayentaedoaiys Tumor
sizes and body eights were mon'gor d twice weekltg for up to g%nyS post tumtog ino%:ul tion. The
animals whose Wimors feached’s % Of thehody Weight: Srifase with' progressive’ WeightJoss
reaching 20% octznerelvsene @lithanmzed) 402200 igurEsaHaarsd 1296 holyatire! tumibrigrowdtezelnd animal
body weight dafg, ; %zgﬁggﬁ%%-oklaﬁ%efﬂeki ﬁ%%?%&%@%%&f‘&;@rﬂ%ﬁ‘ﬁtéﬁ%ﬁﬁnk%%-%%“%{Sfﬁe‘r.t or growth
suppression than the free rug, and F5-target d iposornal formulation was more active than the
non-targeted oeniPHelaveraew grad isi2es wilthee drdiohshbrsbiseretiompebidd Evete isignificantly
different among;m%ﬁ@%%em%%r %H%&Peé’@ﬁﬁ%ﬁ%%‘ﬂ’%‘@ﬁ)gﬁﬁ'm%% %Eée‘&itﬁ?éé@ﬁ@]a@”e for
rug, 0.

free v. immunoligosomal 00114 for free v. liposomal drug, and 0.00718 for liposornal v.

immunoliposoirt&f &0g P IPRURE GipdbserfaiyeReAbsataeerteredA Radthiureahétive than the free
drug, and anti-HERnmymnelipasomah TarRoiesan WM Rt R bordpeariediipasamal drug.

In the liposomal and immunoliposomal group, after jnitial regressjon, tumor, regrowth occurred within
10 days of the O FERMHER: P e VAR BTt Bt eﬁv@ i thd (e G HIROGRBIT “RR%IL hoticed
that the liposomalfartdabsahsobinflopitecasiat®.given dose were more toxic than the free drug. There
was gastrointestinal toxicity. The animals receiving liposomal Topotecan developed diarrhea and
suffered body weight losgryeraging aberk 1406l jissneak. Wil indhe nendargsted dpesomal group
the animals recovered, except one (12.5%) that had persistent 15% weight loss at the end of study, in
the 1-75-targetddBroEeAve drhats (11 Bog) deévElbpedastamifAl brbiefty Bitd Mkpiredieand two more
(16.7%) had pegsiaient weightioesof abantbhfed krdhe.cantrolHroup anstdres Qrugrgeoup, there was
no weight loss or treatment-related morbidity. SS EXAMPLE 30. Maximum tolerated dose (MID) of

free and liposofISPBRGERAENH RHES GvaHIAP MR TAF infeetishbein B e 1Hiselied) used a
liposome Topotecan formulation prepared as in to Example 29, except the triethviammonium
polyphosphate solution was replaced with triethylammonium sucrose octasulfate solution having 0.65
M trietbylammonium, pH 6.2; and for extrusion 80-nm polycarbonate membrane filters were used
instead of 100-nrn. Volume-weighted liposome size determined by quasi-elastic light scattering

method in Gaussian approximation (QELS) was 95.119.6 nm (average-a:SD); drug/lipid ratio was
2R0 14+12 2 ma/mmnonl nhnenholinid Eive-civ weealk nld feamala Qwice\Wehetar mice (12- 20 ) in the




EXAMPLE 31. Antitumor efficacy of liposomal Topotecan in BT-474 xenograft model at the range of
0.125-1.0xMTD 102221The Topotecan liposomes and F5-immunoliposomes of Example 30 were used
in this study. BT-474 subcutaneous xenografts were raised in nude mice as in Example 29. At day 18
after tumor cell inoculation the animals with tumorsy(105-345 cubic ram, 86 average about 200 cubic
mm) were randomized into treatment groups of 6 animals/group, and a control group of S
animals/group. The animals received free or liposornal Topotecan at IXMTD, 0.5xMTD, 0.25xMID, or
0.125AMID at three.y, (Al el Iiecions abday 49, 2%, and 27 Rast uma inoculation, The control
group received injéctions o pﬁ‘ysm oglca)fl gdiing. The tintor Sizes an anlma?B}c?d%/ welglhl% were
monitored as intEsteniplé ROuT.ddiotaid Bniklybodst-iveightimeashreinentsethedumomveight

(calculated from, the Unaor 376 AesRIng MRS dansityaf L) was subiracted Ko g 1atgl,animal

weight measurements. All drug formulations at MTD showed antitumor activity (Figures 13A-13D).

There was no é?dnifﬁigﬁi @iﬁ@éﬁéé%ﬁ@ﬁféﬁ%ﬂ@@f\ﬁ&dﬂﬁt@b hﬁﬂ@ﬁ&s@ﬁﬂ&ﬂ@mgf@i@éwa@the_ir
respective MTQ-orat JAGRUGHETAGHANS (1/2, Ly OF %J'&%”‘S%TSUH?E"&%%?W;%ﬂﬁ%éél%@” of the

drug using TEA-SOS gradient resulted in about 6-fold increase in antitumor activity, but also in the
similar increasé-in/AdttgitdxibiteliDynamics 81 agimallbosyPuERhtsaresdatéd thavadidireatments were

non-toxic exce t ' n T Ik .frapsient decrease in bod
weiaht (about T B B pie o

Preparation andeiyersesingiflo e btasidhyeat Taprsiestn hpbsohted/prépdreastsimger cell
triethylammoniym spergasiasulfale earPmeanidRethag 10223 hdnosamalderripcanpyas prepared

generally Following the procedure of Example 18, using the entrapped solution of TEA-SOS having
643 mM TEA, PRSP EsHstAry2E3 6% Rol/kg, and cimg/phospholipid ratio of 170 ing/mmol. The

liposomes had 155 mg drug/111mM phospholipid; 90% loading efficiency, and particle size 105 inn.
These liposomes werd& Rsivitativithhthenmickitenseleftibpood kbl PRAGIDIS Phconjugate at about 30

SCEv per iposofpes (15 M osmaol ghesAhRlRIch o4 S9Cor | ot aenBcal o degpribed i

Example 19. Antibody-conjugated liposomes were separated by SEC using Sepharose’CL-4B and
formulated into'EM$16'5 piERE S Sa i@l kerang Hgid s Hepestadie ER2RGe thadesigripid ratio

during the attachpepicnhHant- ke 586y :@@bl@%ﬂﬁ%&é@&a&@‘%@fﬂ tecaniarmelations.by cancer

cells was determined as follows. HER2-overexpressing human breast adenocarcinoma cells (SK-Br-3,

ATCC HTB-30)MEHO Rt iR etreuncd atirie Qisths 2 PRoTs6 6 Coraonst iintEasEimated 87
overnight. The geligiwgre insiubatadinitrigligataywith kbdarg eteshaperoonctpsgeiaddipesomal

Topotecan in comg}lgte rogth medEl I’p%l ipo: ome concen ations %f Ohl mMﬁ%ngBO.OiL mM for 4 hours
at 37C. The cell8Weré ised A Hnes With Hanks"Balahcsd sali'sd UEOR. Solubilized i 0% Triton
X-100 - 70% acitlifigldvigbpvidirabet moba (FendIEad dhe ‘ameximéef pEllSdgsbbiaipdsdopaiecan per well

was determinedy Jyioromelry, The fesults (mean plandasd snron.ave symmarized infable 22. The

targeted liposomes delivere mes more drug-into the targeted cells ontargeted

liposomes. Tabilacksiadmdke lofidipssomal PepotecampyrSrumbelvitclit bapsinorha dslloaded
FormulationTopggcan Hptake.at @k iopatessie sptake at 0.01

[6234] The pha;macokinetic study followed the protocol of Example 9. Female Sim
Albino rats (9 weeks, 200 g) were injected 1.v. at a dose of 10 mg 6-APE/kg. Blood was
drawn at prescribed time points and the plasma was analyzed for 6-APE by fluorometry.
Plasma aliquots (0.05-0.2 ml) were mixed with [-2 mL of 90% aqueous isopropanol-0.1
N HCI, and the 6-APE was quantified by fluorescence as in Example 71. The lipid was
quantified by ["H]-CHE radioactivity scintillation counting.

[0235]  The results are shown in Figurel7. The blood half-life (t;, ) of the drug was
13.7 hours and of the liposome lipid 16.6 hours (panel A). The half-life of the drug
release from liposomes was 77.9 hours, demonstrating remarkable encapsulation stability

(panel B).



mM phospholipid, ng/well mM phospholipid, ng/well Non-targeted liposome4.76 0_240.607 0.088
HER2-targeted liposome533.8 13.7197.0 4.6 Ratio: Targeted/Non-targeted112.1 8.6324 55
'102251Cytotoxicity of these Topotecan formulations against SKBr-3 breast cancer cells was
determined as described in Example 27. SKBr-3 cells were inoculated into 96- well plates at 5,000
cells/well, acclimated overnight, and incubated with increasing concentrations (0.004-30 pg/mL) of
free, liposomal, or F5-immunoliposomal Topotecan in cell growth medium for 4 hours at 37C. The
drug-containing media were removed and the cells were allowed to fqrow in the drug-free medium for

72 hours. The quantifof VIRHE 38nSyubstispralirpsamticrerasHateiaL o BluBMTT) tetrazolium
assay and expressed S BiaPiRstsr st tinm Eadafeells. The results are presented on Figure

10. Topotecanj nolippsames wer re cytgtoxic, (1050 0.1.5- h on-targeted
Topotecan Iipo@grgngis (1%?8@111% 8%?@_%%%@%@ g&é{%é}gﬁn (é%%%%?n%%%%é}t% 3. Invivo
stability of TopeteesirsLiptdoeriss vittitfetaeh sirecjo22 b1 FHe Ipposorhelsipents iy FBANPH were
prepared as in EXAMRIGRFHI RIS TV FIORAAINESIDIRUAR A0 AiRRAMS iR ROMCaRRONate

membranes or additionally 12 times through 50 urnéJore size polycarbonate membranes. Topotecan
t

(TPT) was addedat AnEge df- 150/ g Mrriarphegpnbiipid. Made (dstinky fag Edrtdietd it 58 C for 45

min a hot water path.felleyednecaaeashinaen ieg. Jae sificiracy ekieadiagdenthe,ROsnmyz-and
100-nm-extruded Lié)%sé?me was 126,80 19.24 ug TPT/prnot PL (84.5 88 12.8%) and 148.48 = 10.26

pg TPT/prnol PLA8 K3 %S??é%e‘ﬁﬁ%l . Fehnald RS RE VB IRYRIER iy tNE grSups of three were
injected intravedetisiyeyth Dne afdtbedtwe-fophunsions efhiosTRD atadeselat amegnt BT Ikg. The mice
were sacrificed after. 6 h and bloo s collected. Plas gs.analyzed for TPT and liposorne lipid
2 Geacribedt i Eah N S5~ ThE e I Qrse s T 06 T4 Table 23, In vivo stabilty of
Ls-TP'f of different sizes loaded using TEA-Pn entrapment method. Liposome size, nm Drug in

plasma, ALiposome IBieARBrLE/RSid radenmpbinstics of ipostsepdddepRdmErtss ofinjection value

injected dose {0237]  Blood pharmacokinetics of liposomal 2-DAE (Example 38) was studied in rats
aé in Example 37. The t; of 2-DAE was 17.8 h and of the liposome lipid matrix, 18.2 h
(A). The half-life of the drug release from liposomes in the blood was t;, =677 h (B).
Thus, these liposomes were extraordinarily stable against drug leakage in the

bloodstream.

EXAMPLE 40. Loading of vinorelbine into liposomes using TEA-Pn method.
The effect of pH.

[0238]  The liposomes were prepared by the ethanol injection method as in Example 1]
using TEA-Pn solution of 0.608 M TEA, 0.65 M phosphate groups, pH 6.1, and
osmolality 531 mmol/kg, and lipid suspension extrusion 15 times through two stacked
100 nm pore size polycarbonate membranes. The resulting liposome size was 108.3 =
17.1 nm by QELS Vinorelbine {VRB) in the form of stock solution of vinorelbine
bitartrate 10 mg/mL USP was added to the liposomes in aqueous 5 mM HEPES-Na, 5%
dextrose, pH 6.5, at a drug-to-phospholipid ratio of 350 pg/umol, the pH was adjusted to
the desired value using 1-5 N NaOH. and the mixture was incubated at 58+2 °C for 30
min. The mixture was then chilled on ice for 15 min, and unencapsulated drug was
removed by Sephadex G-75 gel filtration chromatography, eluting with HBS-6.5 buffer
(20 mM HEPES-Na, 135 mM NaCl, pH 6.5). Aliquots of purified liposomes were then
solubilized in acid isopropanol and analyzed for vinorelbine using spectrophotometry at
270 nm. Liposome phospholipid was quantified using the phosphate assay of Bartlett

(1959) after methanol-chloroform extraction.




74.221.6 32.93 1.9745.7=2.272.06 5.5196.4 + 29.3 33.26 3.56 37.6 5.3 88.41 15.68 EXAMPLE
34. Synthesis and liposoine encapsulation of 6-(3-atninopropyl) ellipticine (6-APE).
1022716-(3-aminopropyl)ellipticine was prepared from ellipticine in a two-step method based on the
procedure by Werbel et al., .1. Med. Chem. 1986, v.29, p.1321-1322. 501.4 mg of ellipticine base
(NSC 71795) (Aldrich Chemical Co.) was stirred with approximately 100 mg of sodium hydride (Sigma,;
washed with anhydrous petroleum ether) in 5 ml of dry dimethylfonnamide (DMT) at room temperature
for 30 mm. To this mixture, a solution 01678 mg%f N-bromopropylphtalimide (Aldrich) in 2 mL of dry
DMF was added dropwise. The purple-colored reaction mixture was stirred under argon overnight,
treated with | f water, and poured into 60 ml of water. The mixture was exiracted twice with 25 mL
of methylene gﬁ?o%be, tLﬁ‘ee XA AR ERsbra B gRAVEr SIS 8E iﬁr%assﬁ]ff)avtvél,lréna%g%eéqé‘ed through a
layer of neutraValonsimag Phé s wmimadaiyier waiseripsetctNicEOWithaho intleptndathyleheichloride and the
combined filtraie angd;sinsgs.were brought to dryness in vacuum. The product was stirred overnight
with 20 ml of absolute ethanol and 2 ml of anhydrous hydrazine at room temperature. The obtained
slurry was filteti%gl(el;gg r.vac%um a Xellow filtrate was %I}IJ%% WithISé)Ar]I],lﬁ aotfvca)l.HZ N NaOH and extracted

with two portions ml anc Blﬁﬁaolf%ﬁ%orolp&sr%mﬁ% oroPé)re% extract was dried over Na2SO4 and

brought to drynekssinfigsiehb@ferde product (yield 408 mg) was

pH Drug-to-phospholipid ratio (pg/pmol) Loading efficiency (%)
4.5 351.2 £ 52.88 1004 £ 15.2

5.0 347.6 £6.35 993 + 1.8

5.75 3552+ 11.2 101.5 £3.2

6.25 377.0%£21.5 107.7 £ 6.6

7.0 374.3 £29.58 1069 £9.0

EXAMPLE 41 Liposomal vinorelbine prepared by TEA-Pn method at
various drug/lipid ratios: encapsulation efficiency and in vive stability in
mice.

[0240]  Liposomes with entrapped TEA-Pn solution were prepared according to
Example 40 except that ["H]-CHE was included in the lipid matrix at 1.5 mCi/mmol
phospholipid. The liposome size was 98.5 & 34.3 nm by QELS. The liposomes were
mixed with vinorelbine bitartrate USP in aqueous buffer of 5 mM HEPES-Na, 5%
dextrose, pH 6.5 at the drug-to-phospholipid ratio of 150-450 mg VRB/mmol, and
incubated at 5842 °C for 30 min. No pH adjustment was made following the addition of
the drug. The vinorelbine-loaded liposomes (Ls-VRB) were isolated and analyzed for the

drug and phospholipid as in Example 40.

{0241}  Female five-six week old Swiss Webster mice (Harlan Bioresearch) in the
groups of three were injected intravenously with Ls-VRB-Pn at a dose of 5 mg VRB/kg.
The lipid dose varied according to the degree of loading and can be determined from the
above calculated drug-to-lipid ratios. At 8 hours or 24 hours post injection, the animals
were anesthetized, exsanguinated, and the blood was collected on ice into weighed tubes
containing known amounts of PBS with 0.04% EDTA . The blood cells were separated by
centrifugation, and the supernatants were analyzed for liposome lipid by ["H]-CHE.
radioactivity scintillation counting and for vinorelbine using HPLC as follows. The

samples were spiked with vinblastine (internal standard), extracted with diethyl ether,




89 chromatographeci on silica 60 column eluted isocratically with chloroform-methanol mixture (7:3 by
volume), saturated with dry trimethyl amine. The fractions eluted in a second yellow-colored band,
following un-reacted ellipticine, were shown to contain the desired compound in approximately 30%
yield. The structure was confirmed by IHNMR. TLC: Rf 0.29-0.3 1 (Silica 60; CHC13-MeOH 7:3 by
volume, saturated with trimethylamine). Ellipticine, R(0.81-0.83. The obtained compound was
converted into dihydrochloride salt by dissolving in anhydrous ethanol and titration with 6 N HC1
solution in dry isopropanol. The orange crystals of 6-APE dihydrochloride (NSC 176328) were filtered
out, rinsed with ether, and dried in vacuum. Yield of dihydrochloride 86%. 102281 The liposomes were
prepared by hydration of the neat lipid film of DSPC, Cholesterol, and PEG(M.w. 2,000)-DSPE
(3:2:0.015 molar ratio) in a solution of trirnethylammonium polyphosphate (TMA-Pn) at 0.5 M TMA, pH
5.6, at 60C, fo‘IIowaed b%/dsix %%I%s. fra‘lAJ/oid fr;ee%ing,és- 8C) éapd }ghawing (IBOCi) and eé%\lljsion ten times
through two stacked B0him poré %‘lzueespoei%(g?ﬁoo\heat fiiters. Ur?eﬁsgé;ﬁgufa%a %ﬂ}ﬁf}-‘fﬁn as removed
using a Sephards¥ Ceyignesiinnaetiste bWt HERES Dektlo8é  ByinNuERESMBI9% Dex trose, pH
5.5). The liposomeasizasias 85,/re32sd Juiie 0229k Ganseptated ScARm solutionx(d6,mg/ml) was
added to the TMA-Pn-containing lipopsom t a drug-to-phosphaljpicl ratio of 100 jtg APE/nmol
phospholipid, théﬁmﬁ))%{td?g %‘?so?r?éh‘%?ﬁrgaea%ggé 6}%2 %‘?ﬁ?qérr‘?aglﬂ%cﬁ‘y‘mé%&‘ésdé élge\?!vn on ice for 15 min.
Unencapsuiated @fiy stas reimn g syngel crirsardtography or 4 SéphiatBR 0P5¢elEhn elated with
HEPES-DextrosaihytiesihiaMHE R SAN80 ariYodextiasenivh-1nGShr Mipasamemsiisapped APE was
then quantitated(;%}g rsnglesgg(agja &%@%FT%%SJ%%@{E{?lr%sgécﬁ@g? liposome phospholipid was determined

using the extraction assay of Example 70. drug encapsulation was practically quantitative.

EXAMPLE 35. P ration of 1-IER2-targeted, | oliposomal 6-AP and cyto ilcity of 6-APE
formulations agé?ggﬂi I_Egg%e\?ggse?(rﬁr%lggﬁg E%&%U@SABS@ r?f:icr cells‘in v?tsré%/ %&%@81Liposomes with
encapsulated 6-BPE 8- pfaropieparestisdlin ERampRy 34/ a6V e Beit-MERX Amunoliposornes
with encapsuIatehﬁ_gﬁx_AREt@Zﬁdt&ﬂﬁtﬁ)e\ﬂ@rﬁweparﬁfkﬁmﬁbk&ﬁeEr by iheysmebha_dzm Example 19. An
MTT-based cell izl arsaat ramele g asussain determing e euiolgeii of 6-APE

delivered as a solution, Ls-APE, or as LER2-targeted F5-1Ls-APE against HER2-overexpressing
human breast QWSQ?&F&?H&Hﬁf@l?‘“{éﬁﬂ%‘?ﬁﬁ‘i}“ﬁﬁ IpadiaasEidBRpILBY 15 Bty X dhtaining media for 6
hours, and post-éngubateddmhding:freérmeciurasfor8dbys. Thaemesultsfdireshewnton Figure 15. The

IC50 for free APE 5046 ba ARERL I F5ESARE was 0:366 lig ARE/manckfor nontargeted
Ls-APE was 51. "/uﬁ% APE/mI, There was a 67.5 fold difference in activity between targeted and
nontargeted lipoS8iHal BoAPE  inAfcAtiNg 4 ESHSIdS AT PG AU Hetival) SHASE EXRMPLE 36.
EGFR-targeted iimiindliposomsat foridiations ‘6bAPE and eytotdividineapairistiednaer cells in vitro.
[023116-APE-loadeshbiposomeswaieprenatadias desgrbadinrExammple ddbdEGE R targeted
immunoliposomes were, prepare attachment.of BEIER-specific Fab' antibody fragments as follows.
An EGFR-speciﬁ%%@ %/I‘g,)&lﬁl;J r2§g2%¥§ﬁri§<ﬁ%sag? E 10§|$6?rrﬁg, Ilcrﬁpec?f'oﬁ%p%%gteeﬂ?ﬁvs e%géoaigested with pepsin
to produce (FablP et Pttt (EARy Ragments were reduced by treatment with 10-20 inivl
2-rnercaptoethylamine for 15 min at 37 C, and Fab' fragments were purified by gel filtration using
Sephadex G-25.1THe Présernsal dPreddtices 1l grovupdvde wisieafiyirebout 0i%tRighgroups per protein
molecule (quantiitgshusingiElimanngligageant)udn22GHabrinerscovalentlyaorpjugatestto an amphiphilic
linker Mal-PEG-DRPE (Avanti P ?éténitpégﬁmélcr)ei!?.e%ﬂ‘ées%’ﬁ\ég’wﬂon at pH 6.2-6.5 and protein-linker
molar ratio of 1: - i -

C225Fabl-PEG-DSPE conjuljafsciRit RRRsRARiai S50 % of the proteifivariaanicefessiifigonjugate
was separated from non-reacted protein by size exclusion columngchrenatogiaphy on 3% agarose -
4% polyacrylamigte beaded get @ iitroget AnAs4 obtainet:frgnySigma Chemical Co.), eluted with
HBS-6.5 buffer. The ‘conjugate was recovered in void volume fractions. Immunoliposomal 6-APE was
formed by incub&tgfiEse lipodBitiE€ivith C225 FalfBEEDSPE with drug-loaded liposornes at the
ratio of 30 mg C235 proteiMmtnoidiposorne phospholigicl for 30 min at 60C3@6ieriching on ice for 15
mm, and purifyinghe immunolipggumes by gel chrogatography on a Sephgyase;GL-48 column also
eluted with HBS-6.5 buffer (the Ii%)(c))somes appear in or near the void volume of the column).

102321NIDA-MB-468 EGER-ovérexpressing human biréast cancer cells andMEE7
450 299 66.4 63.0%4.1




human breast cancer cells with low EGER expression (ATCC, Rockville, MD) were cultured in their
supplier-recommended growth media, and the cytotoxicity of free, liposomal, and
anti-EGFR-immunoliposomal 6-APE against these cells was studied 91 according to the method of
Example 27 The cells were incubated with drug-cgptaining media for 6 hours, followed by 3 days
post-incubation in the drug-free medium. The results are shown in Figure 16. In MDA-MB-468 cells
IC50 for the free 6-APE was about 0.1 pg/ml, and for C225-11,s-APE about 0.9 pglini. In MCF-7 cells

1050 was about 0.1 f %WEQEEG- PE was about 0,5 tig/m1.. and for C225:1 | sS:ARE ahout 14 jig/ml.
IC50 of Ls-APE in bof[)é cellline @%ﬁﬁ%ﬂﬁgﬁﬁg %%’g%gg%ﬁ?g?&%ﬂ%?ﬁ%@%g@é&“ eamc}
at vario s%ru 10 ra

immunoliposomes demonstrated a tllcfen-speéific cytotoxie activity in EGERoverexpressing

MDA-MB-468 Qeas] canges aeiis it fb Mtk 16 RisasiSaprshealldhatidangiouseexpress EGER.
In MCF-7 cells, the targeted and nontargeted 6-APE liposomes were equally active. EXAMPLE 37.

Pharmacolcinefféd Breibodoita BIABE Wil bbEEM: pdssmeeRlal ¥mripyRare AasAsdiution (557
mM phosphate igseiaas: fSARmYsbiafo h B Opmelaity 30 sxrnatke)-ant o eqgrmpasiion of DSPC,
cholesterol, and PEG-DSPE (mqlar rati.3:2:0.015) were prepar in Ex le 1 ove. Ethanolic
colution of e TSHE WS ES METRA'Ss 60E Wt 16 TS U e BBl T ZBl0a, anc
extruded ten timédethrotghitwe stacked 80w pdid HiPE polycerbDratemaribianes vehneneapsulated
TEA-Pn was removed using.a.Sepharose Cl-4B. column eluted with NIES- r0S€.(5 i ES-Na, 5
o5 Dextrose, prTE G TR L e B I Tt b b Ko Facioaciive
lipid label [31-0"GHE keadRbclouted Inthenisivyenathisnas@aBdrai mimoiphesphblipieh!TAE. Liposomes
were loaded with 6-APE as described in Example 34. 102341The pharrnacokinetic study followed the
protocol of Examplesp. FemalgaimeAlinowaisiPrivreks 120010 ieseoinisciediowataiose of 10 mg
6-APE/Kg. Blood was drawn at prescribed time points and the plasma was analyzed for 6-APE by
fooromery. Pleind BRI {CTDEPBE 7 R RS R T 55 S08 aef B dTEUBFoflano.0. N
BC!, and the 6-A&REwasguaritifigd hyifluordsceaceasdese bxampiac] vat healipidiyag guantified by
[31-1]-CHE radioactivity scintillation cqunting. [02351Thge resu shown in Figurel 7..The blood

el ife (€2 ) of QL2 0 WAL 13 0 H P AR 2o e b TR R TR AP 25 T et e
of the drug releasghtfpmaskifféSomesSas ¥R 8/ houes pHesplonstiditing remarkable encapsulation stability
(panel B). 92 EXAMPLE 38. Synthesis and liposomal encapsulation of

2-(2-(N,Ndiethylamino)e thelelipticinium (RiIDAEN L0236 A2HZNMAlethyd asmina) elyl-ellipticinium
chloride (NSC 359449) is an anti- cancer ellipticine derivative which is prepared by alkylation of
eIIipticineWith 41 ' "“ijg ENALTIALL, -0-1 "i i ‘= "":‘gi ie AAY ine (see
Werbel, L.M., Angelo, M., Fry, D.M., ; D' TMed. chem: 1 8?5:53?5_9[)-11 : 2). Liposomes
containing entrappeld TEA-Pn were plepapedasideschipsdireExample 37. 2- DAE.2HC1 was
incubated with-tt =P ' es M HERESNa 5% Dex A%
2-DAE-to-phosholipid ratio of 100 ug/umol. The amount of loaded drug was 88.2 ug APE/urriol PL
(efficiency 88.2 %). EXAMPLE 39. Pharmacokifétics bf liposomal 2-DAE!¥2rats 5.1

350 381.8§+16.3 109.1 £ 5.1
450 456.1 £ 29.5 101.4£6.6
550 486.2 £26.0 884 £ 4.2

EXAMPLE 43. Preparation of HER2-targeted immunoliposomes loaded
with vinorelbine by TEA-Pn method, and comparative biood
pharmacokinetics of HER2-targeted and nontargeted vinorelbine liposomes
in rats.

[0245]  Anti-HER2 scFv F5-PEG-DSPE conjugate was prepared as in Example 19.
HER 2-targeted vinorelbine immunoliposomes were prepared by incubation of non-
targeted vinorelbine liposomes (Example 41, loaded at drug/phospholipid ratio of 350
mg/mmol) with F5-PEG-DSPE conjugate (Example 19) in aqueous 20 mM HEPES-Na,
135 mM NaCl, pH 6.5 buffer at the protein/phospholipid ratio of 15 mg/mmol at 60 °C



102371Blood pharmacokinetics ofliposomal 2-DAE (Example 38) was studied in rats as in Example
37. The t112 of 2-DAR was 17.8 h and of the liposome lipid matrix, 18.2 h (A). The half-life of the drug
release from liposomes in the blood was tv, - 677 h (B). Thus, these liposornes were extraordinarily
stable against drug leakage in the bloodstream. EXAMPLE 40. Loading of vinorelbine into liposomes
using TEA-Fix method. The effect of pH. [0238]The iiposomes were prepared by the ethanol injection
method as in Example 11 using TEA-Pn solution of 0.608 M TEA, 0.65 M phosphate groups, pH 6.1,

and osmolality 531 mmol and lipi spension extrusion 15 times through two stacked 100 nm
pore size polyctg)géodﬁrg%g' rgﬁg% Oggﬁ{as?%gecr%néﬁﬁ?neg Fﬁgggqﬁw‘gé?%}é %%hi%gag) gﬁpgy nm ?)y QEES
Vinorelbine (VRB)hrekedBenlwhstaokesstittiohcohwinbréfbinsdpittrgeite! 1pasRipst(LyBE ViRIS)added to

the liposomes i, aqigous, » MM JHERESNap pXbrdexirase Rl A&t & diyesionenaspiglipid ratio of
350 pgiumol, tggé)H was adjusted to the desired value using 1-5 N NaOH. and the mixture was

incubated at 53¢ TeED Ui 0P Ahikelpss alasrageYRéHife d B e Rs s pRitakiPatefeapsulated

drug was remoy&céade@mGW@n7§xg%kRiét@@Q9@ KRIOAIERARRYARIWING Wit 1B -6 hbuffer (20
rnM HEPES-Na, 135 InM NacCl er 6.5). Aliquots of purifiedﬁl}iﬁ;ﬁosornes were then solubilizecl in acid

isopropanol an8*&iazel Riped BHEiRa R SRR EBPHS BN R QY 29 AL CRIp HESE Bhospholipid
was quantified using:thephosphiaiel assasnehBartiett (1969) aitekmatpanalichlerofsm extraction. 93
10239]The calculated drug-to:ligid ratios.after loading were as shown.in Tab| Vi Ibine loading
was quantitativlgs(ﬁb.eec.t’[\)lfe | %@’aﬁ? %%taﬁdqﬁwgggh%%gwpgﬁﬁql AR Séﬂ%&}éeﬁ\?é%%%)\.é@géfe 24.
Vinorelbine loadixghhtGMiposoiih€swiikreeiiapge T IEN-Forativaribusrpitvaltiesot Extatraldduffer
pHDrug-to-pho lipid_rati lumol ding efficiency (.7a 4.5351.2 52.88100.4.15,2 5.0347.6
6.3599.3 1.8 f’?é?g@“&ﬁ%%%gﬁ °§g&%g.%@?qf‘.%r%i’fﬁ@%?ﬁ“&%%%@?ﬂ%ﬁz 5510 %.18‘%9.0 |
EXAMPLE 41 bliposoesdivgtiorelbnboptepiraé by pB-Eal rethothat>arioms delsgsipiteatios:

encapsulation gfficiensy,and in vivo stability in mice. [0240]Liposomes with entrapped TEA-Pn solution
were prepared according to

EXAMPLE 44. Preparation and comparative in vive stability of vinorelbine
liposomes prepared using ammonium and substituted ammonium salts.

[0246)  Ammonium dextran sulfate (DS-A) solution with pH 5.8, 0. 65 M NH,",
osmolality of 390 mmol/kg, and triethylammonium dextran sulfate solution (DS-
TEA)with pH 6.0, 0. 65 M NH,", osmolality 465 mmol/kg, were prepared from Dextran
sulfate with mol. weight 10,000 (Sigma Chemical Co.) according to the method of
Example 4, using titration with 12.4 M aqueous ammonia or neat triethylamine,
respectively. Ammonium sulfate (S-A) aqueous solution 325 mM, pH 5.1, osmolality
703 mmol/kg, was prepared from analytical grade ammonium sulfate. All three solutions
contained less than 1 % Na" of the total cation content. Liposomes entrapping these
solutions were prepared using the ethanol mixing-extrusion method of Example 41
(DSPC/Cholesterol/PEG-DSPE 3:2:0.015 molar ratio). Radioactive lipid label [’H]-CHE
was included in the lipid matrix at 1.5 mCi/mmol phospholipid. Extrusion step consisted
of 10 passages through two stacked 0.1 um polycarbonate membranes. VRB was added to
the liposomes in 5 mM HEPES-Na, 5% Dextrose, pH 6.5, at a drug-to-phospholipid ratio
of 350 mg/mmol, the pH was adjusted to 6.5 using 1 N NaOH, and the mixture was
incubated at 58-60C °C for 30 min. The reaction was then chilled on ice for 15 min, and
unencapsulated drug was removed using Sephadex G-75 gel filtration chromatography,
eluting with aqueous 20 mM HEPES-Na, 135 mM NaCl, pH 6.5. The purified,

vinorelbine-loaded liposomes were analyzed for VRB spectrophotometrically and for




Example 40 except that [31D-CHE was included in the lipid matrix at 1.5 mCiimmol phospholipid. The
liposome size was 98.5 34.3 run by QELS. The liposomes were mixed with vinoreibine bitartrate USP
in aqueous buffer of 5 MM HERBS-Na, 5% dextrose, pH 6.5 at the drug-to-phospholipid ratio of
150-450 mg VR13/mmol, and incubated at "C thr 39 min. No pH adjustment was made following the
addition of the drug. The vinorelbine-loaded liposomes (Ls-VR13) were isolated and analyzed for the
drug and phospholipid as in Example 40. [02411Female five-six week old Swiss Webster mice (Harlan

Bioresearch) in the groups of three were injected intraveno ith Ls-VRB-P dgse of 5 mg
VRB/kg. The li %E?Sdagg(églpéfr‘%ﬁl%gz%o‘?\%?ﬁa% et e(f;%%ﬁo?tltoé%%{r?géﬁ% Ec}zilarﬁI %ee%ZQ?r?ﬁ'n%%?%m the
above calculatebagnagetoriipich rdtibs lipne ®heliisi o med drogirsapostdisigotions thendiinmaidevidre
anesthetized, exsanguinated, and the blood was collected on ice into weighed tubes containing known

amounts of PB@mith 0.@4%a&dil A TN6WRIaRE caHS WerR) sglakaied by Tanyifugationaand the
supernatants We,raan?g, ed for liposomc lipid by CRECHE, radioactivity scintillation counting and for
T

vinorelbine usifg' P DRI SR URHRE SRS erempsd With Wit iasse ibérnal standard),

extracted with dietidietineslt Stevaporateds avtkipedesidudsseyaidissohatidn the mobile phase

Consisting of agueous F?Q Qll}lnlqtri%t%gemgwo iu }acetatetg;ﬁﬁ %S@%nd caeéonitrile 58:42 by volume)

The samples wira THAdad Bh S Bl TeleraRRRel IS EoR mA el et e SR 58  m x 4

mm id., particlesizéof 5 pm}priecededoliyha I(«k8nopl axdroolusad vidssicolanwitives éluted isocratically

with the above j f . Imin, V. tect ' absorbance
Anehlls: phaneAb iy ate Ll Ol B RR B %.% fried g

detector at 280 am. Typical retention times for'V vinbiastine (internal st ) were 9.1 min

and 7.8 mm, regprletivel-cdrgopihéencasibincdrens howi b [Tadsié v qiveiodding cetfivieliay decreased
with the increasg i drug/liRid ralio, Ham RRGIGENY #0941k RARIIRRO LI AR, 66A at 450

mg/mmol. It was noted that the addition of vinorelbine bitartrate at the ratios of over 250 mg
vinorelbine perdfiiat phB&p nokpliPestset aisdiarta raeidmeation Brahadibs ot didpension (pH
<4.0) that lead te.xegiiees loading efficiency. Thus, the need for pH control during the drug loading
step was established. The amounts of Liposome matrix detected in the blood after 8 hours were in the
range of 30,4 % of injected dose (%id) .6.:5.2 %id without apparent relation. to the absolute
amount of injecﬁtﬂtg-:%(ffigﬁd.@A(fﬁg)rmzadgfil %%Iﬂlrél}(jfglesr{g) \I?ﬁsosfﬁiﬁ o(g?r”lldC pi!%%r %E%%l%%?g%ofutﬂé ipid matrix
detectable in thablope! Theemouardiehtigusarremuainetselicapsulated after 8 hours varied from 37%
to 63%. HoweVer, A5 24, Hours post eI iie drug feyels GToRPet- R0V Yeieaior it

employed analytical method. Table 25. Encapsulation efficiency and in vivo drug retention of liposomal
vinorelbine prefBPeRNs ditfarerd diti/IprdTatd usirty tPEARBN methdd{Wwithad: [8ading buffer pH
adjustment). Thegidrug retention datg,angmsan SD w3), Mdogyrclbinotphospholipid ratio% drug
remaining en ed-at-8-ho inject ol,-calculated-Qutput,_mgirrimol

measured Encapsul&tion efficiency, 663134
DS-A 107.8 £ 15.4 11.240.6 229+ 1.7
S-A 1145 £ 15.6 10.7+ 0.2 1.77+0.16

EXAMPLE 45. Preparation and in vivo stability of vinorelbine loaded
fliposomes of various size. :

[0248]  [’H}-CHE-labeled liposomes (1.5 mCi/mmol phospholipid) with entrapped
solution of triethylammonium sucrose octasulfate (0.65 M TEA, pH 6.4, osmolality 502
mmol/kg) were prepared by the ethanol mixing-extrusion method of Example 11. The
extrusion step contained 15 passages through two stacked polycarbonate membranes with
the pore size of 0.05, 0.08, or 0.1 um. Vinorelbine loading, isolation of vinorelbine
liposomes, and liposome characterization followed the method of Example 40. Female
Albino rats (8-9 weeks old; 200 g) were used to study liposome in vivo stability.

Liposome lipid and drug pharmacokinetics was studied in rats as in Example 43.




104.0 36.6 = 4.2 250 238 95.2 56.3 1.3 350 260 74.3 65.9 2.3 450 299 66.4 63.0 4.1 95 EXAMPLE
42. Vinorelbine loading into lipOsomes using TEA-SOS method at various drug/lipid ratios.
102431TEA-SOS liposomes for drug loading were prepared as in Example 40 except

98

[0249]  The results are shown in Figures 21, 22, and in the Table 28 below. Liposomes
extruded through 0.05, 0.08, and 0.1 pm polycarbonate filters were compared and shown
to have similar drug and liposomal carrier pharmacokinetics, as well as a similar extent of
contents leakage. The drug release from the liposomes in blood was characterized by the

50% release times in the range of approximately 40-80 hours, well above 24 hours.

Table 28. Characterization of vinorelbine liposomes.

Liposome size, Drug load, Loading Blood half-life of Time to 50%
nm, mean = SD  mg/mmol efficiency, % the lipid matrix,  drug release in
(by QELS) phospholipid hours the blood, hours
87.6 & 28.1 3524139 100.7 + 4.0 14.6:t 0.7 39.7+ 3.1
98.5 % 15.1 322.6 %227 922465 13.0+0.2 479+ 3.8
109.6 £ 24.6 357.0+£10.5 102.0+ 3.0 143+ 0.3 78.0+ 1.4

EXAMPLE 46 . Preparation of HER2-targeted vinorelbine liposomes using
TEA-S0S entrapment method, and pharmacokinetics of HER2 scFv-targeted
and non-targeted immunoliposomal vinorelbine in rats.

[6250]  Liposomes were prepared, loaded with vinorelbine at the 350 mg/mmol drug-
phospholipid ratio, and analyzed as described in Example 43, except that TEA-SOS
solution of Example 45 was substituted for TEA-Pn solution. Extrusion step included 15
passages through 0.08 pum pore size polycarbonate filters. The liposome size was 95.0
26.0 nm by QELS. F5scFv-linked anti-HER2 vinorelbine immunoliposomes were
prepared from these vinorelbine liposomes, and blood pharmacokinetics of the liposomal
lipid and drug of HER2-targeted and nontargeted liposovme vinorelbine was studied in rats
as described in Example 43. Circulation half-life of the liposome lipid was 1.4 hours and
10.3 hours, and the 50% drug release time was 30.9 hours and 30.3 hours for F5-ILs-VRB
and Ls-VRB, respectively. Thus, the lipid and drug pharmacokinetics of Ls-VRB and F5-
ILs-VRB was very close, indicating that the introduction of the scFv-PEG-DSPE
conjugate neither affected clearance of the carrier itself nor resulted in increased leakage

of the drug from the carrier while in the circulation (Figs. 23, 24).




that the TEA-SOS solution with 0.65 M TEA, pH 5.4, osmolality 521 mmolikg was used instead of
TEA-N solution, and the liposomes were extruded through 80 nm pore size polycarbortate
membranes. The liposome size was 86.6 12.9 nm by QELS. VRB was added to the liposomes in
aqueous 5 InM HEPES-Na, 5% Dextrose, pH 6.5, at various drug-to-phospholipid ratios, and the
mixture was subsequently incubated at 60 C for 30 min. The VRB-loaded Liposomes were then
isolated and analyzed as in Example 40. 10244IThe calculated drug-to-Lipid ratios in the VRB
liposomes are shown in Table 26. Remarkably, s opposed to polymeric anion assisted loading,
vinorelbine loading in the Liposomes with polyanionized sugar (sucrose octasulfate) was practically
guantitative independently of the drug/lipid ratio for up to 450 mg VRB/minol phospholipid, and only
slightly less (88%) &t%58IHIgEVIR BYrewaoitpinosphaiipichadelbie RopDppeadeindacotibimerelbine loading
into Liposomes on rigpsonligsidorapusinioretbivreiding glulipiéy eatbpehdrthiolc degdhg efficiency (%)
1 EncanSHRIY NG RSP S et 2 b3 JR R Stk e (PR 320 3818
ceramide) was obtained from Northern Lipids, Inc., Canada.. Methoxy-PEG(Mol. weight
2,000)-distearoylglycerol (PEG-DSG) (SUNBRIGHT GS20) was from NOF Corp.,

Japan.

[0252]  Liposomes having the lipid composition of DSPC, cholesterol, and PEG-lipid
(PEG-ceramide or PEG-DSG) in the molar ratio of 3:2:0.3 and entrapped TEA-SOS
solution (0.65 M TEA, pH 6.4, osmolality 502 mmol/kg) were prepared by the ethanol
mixing/extrusion method of Example 11. The extrusion step included two passages
through two stacked polycarbonate membrane filters 2 times using pore size 0.2 pm and
10 times using 0.08 pm pore size. The liposomes were loaded with vinorelbine at the
drug/phosphotipid ratio of 350 mg/mmol, characterized by size, drug, and lipid
concentration, and their pharmacokinetics was studied in rats as in Example 46. Both
formulations showed prolonged circulation time of the lipid matrix and slow release of
the drug in vive, with at least 50% of the dfug remaining encapsulated after 24 hour in the

blood inn vivo, as shown in the Table 29 below.

Table 29 Characterization of vinorelbine liposomes with various PEG-lipids.

PEG-hpid Liposome size,  Drug load, Loading Blood half-life  Time to 50% drug
nm, mean = SD mg/mmol efficiency% of the lipid release in the blood,
(by QELS) phospholipid matrix, hours hours

PEG-ceramide 1033£309 29144180 83.26£5.14 14.0 162.7

PEG-DSG 10134200 3593472 102.7 £ 2.1 15.1 24.6

10253}  Remarkably, the increased PEGylation of these liposomes (PEG lipid content
about 5.7 mol.% of the total lipid) had practically no effect on the liposome blood
circulation longevity compared to the similar, size-matched liposomes having low
PEGylation of about 0.3 mol. % of total lipid (Example 45, 109.6 nm, t,,,=14.3 hours;
98.5 nm, t,,=13.0 hours).



450 456.1 .- 29.5101.4 -.... 6.6 550 486.2 - 26.0 88.4 ti: 42 EXAMPLE 43. Preparation of
HER2-targeted immunoliposomes loaded with vinorelbine by TEA-Pit method, and comparative blood
pharmacolcinetics of HER2-targeted and nontargeted vinorelbine liposomes in rats. [02451Anti-HER?2
scEv FS-PEG-DSPE conjugate was prepared as iq@xample 19. HER2-targeted vinorelbine
immunoliposomes were prepared by incubation of non-targeted vinorelbine liposornes (Example 41,
loaded at druglphospholipid ratio of 350 mg/rnmol) with F5-PEG-DSPE conjugate (Example 19) in
aqueous 20 rriM HEP 5 rnM NaCl pH 6 5 buffer at the proteini hosphollpld ratio of 15
mg/rninol at 60C 96 15?% ?EF%IE tasae’ &épPé 'EhtBhatography on
a Sepharose 48 coluri & )fc@v n %fﬂ]# F*CNBH Regetatefis 6?3%0 HsVBIOR B and

we

HER2-targeted ones {511 i

adihifi&ered iv. to female Albino rats (8-9 weeks old; 200

g) at a dose of @mggﬁ%/ksgre%x@m&ﬂm@sem@% ?@a@w&& }L«,%%';%a' Asfescribrdiin Example 9,

and analyzed for V d the liposome lipid as in Example 41. Blood half-life of the liposome lipids

and the 50% dfﬁ@%@%a@ékﬁ?&@é%%&&ﬁ@%‘é‘ﬁéh@%@%ﬁ@ SOR RSB MOLS or by drug/lipid

ratio-time plotsprespeatelysby-fidingheshoiibirmanessranastiab kineticeaysing #igmbIGROSOFT
EXCEL (Microsoft Corp.) spreadsheet TREND function. The results (Figurel8) mdma&ed that both

targeted and ng?f‘ea?aeeef&wﬂ?aﬁa TRESITORSRBE Heldbiole AtiCiEAN: & AREFIBRY hiriaeisiiRetics with
lipid half-life of ahba %&&ew@amﬁtiﬁ%gmgmieﬁadm mrabouhéram@w&s@%hﬂ% 44.

Preparation ang1 gom lE)aFatlvel V|vbgi§tggtlét¥oof VI rel ine l@? omeig gllrlésxln% .ammonium and

substituted ammonium salts mmoniuny dextran gul ('Bt§ ution wi T}i 5.8, 0. 65 NI

N1-14+, osmolality of 390 mm0|lkg and triethylammonium dextran sulfate solution (DSTEA)with pH
6.0, 0. 65 M NH2Z5 Bsm ey YB3 HaAmshibymoe i s pRoRrrmrme eeln dmerieanbindol. weight

10,000 (Sigma &hemics)ifeibRATHNNG: 1R D pimethad QfdsxareRig fusintiFatenwihdad M

aqueous ammonia Qr neat mlethylamlne respectlveI{[ Ammonium sulfate (S-A) aqueous solution 325
rriM, pH 5.1, osthbiall N’Y]dé FRROIA! NE\@%?&%%W At 3ﬂé‘f§f?é%\?b‘rl§o%eﬁﬁfﬁ%ﬁﬁjm sulfate. All three
solutions Contamch}g&%dhqmdo%aﬂ\la@wnﬁﬁ@t&l SAHOR TOMRIdd (BoSamesLiptappng these solutions
were prepared bl%l he ethano@%rsgﬁ%g ion method of. Eeﬁam le 4% - . :
(DSPC/ChoIestéro L AEPE oIt rsa\ﬂ%ﬁ REGI0ACtTe 5 egé‘l Ef—?ﬁ@ﬁé Was included
in the lipid matrxapitbamiBi/mitact hpspebliphd. Ettnusioni step aensistedhe supplier-

recommended growth conditions (Leibowitz L-15 with 10% fetal calf serum, no CO,

supplementation) at a density of 10,000 cells/well, and the drug formulations were added

in a series of 1:3 stepwise dilutions starting with 0.03-0.1 mg/ml. The cell viability data

were plotted against drug concentration (Figure 25) and drug concentrations required to

reduce the cell viability to 50% (1Csp) were estimated from the graphs. 1Csy of F5-

targeted vinorelbine liposome 0.06 pg/mi) was close to that of the free drug (0.07 ug/mi)

and substantially lower than that of non-targeted liposomes (2.2 ug/ml). This represents a

37-fold enhancement in activity as a result of cancer cell-specific targeted delivery of the

drug.

EXAMPLE 49. Cytotoxicity of free, HER2-targeted, and non-targeted
liposomal vinorelbine against CaL.u-3 cells in virro.

[0256]  The liposomes and methods of the previous example (Example 48) were used
to study cytotoxicity of free vinorelbine, Ls-VRB, and F5-ILs-VRB in HER2-
overexpressing human non-small cell lung carcinoma cells Cal.u-3 (American Type
Culture Collection, Rockville, MD). The cells were grown in RPMI-1460 medium with
10% fetal calf serum in the presence of 5% CO,. The results are shown in Figure 26. The

1Csp for free VRB was 1.2 pg/ml, 10 pg/ml for F5-ILs-VRB, and 50 pg/ml for




of 10 passages through two stacked 0.1 tIM polycarbonate membranes. VRB was added to the
liposomes in 5 mM HEPES-Na, 5% Dextrose; pH 6.5, at a drug-to-phospholipid ratio of 350 mg/mmaol,
the pH was adjusted to 6.5 using | N NaOH, and the mixture was incubated at 58-60C "C for 30 min.
The reaction was then chilled on ice for 15 min, an i.mencapsulated drug was removed using
Sephaclex G-75 gel filtration chromatography, eluting with aqueous 20 mM HEPES-Na, 135 mM NacCl,
pH 6.5. The purified, vinorelbine-loaded liposornes were analyzed for VRB spectrophotometrically and
for 97 phospholipid using the phosphate assay of Bartlett (1959) (see Examples 70, 71). Blood
phannacokinetiBeTaseipesH it il mnarsinig wato stoaheadernens B REGEHRAEI694 7] The

results are showRgniigiyes 1 %2ianek inrfableidivd-inesamesidoaded with triethylammonium
dextransulthte were compared with those loaded using ammonium salt of dextran sulfate.

unexpectedly, those Ip3de eing ine friethylammeniu sgl wete cansiderably mote stable than
those loaded using argmoniu lﬁ%lorelﬁe anna ré_ ﬁeg.’ﬁ

e phar CS. QI Ihe l%oéoma Carrieritself was similar
with the three different formulations and was thus prlmarify (fepende'nt on the lipid composition

employed. Leakageypf vingrelhine feomhb ssMR R Jerdedysingtriaihylamppenivinde.ap sulfate was
about three times slower than from those loaded using ammonium dextransulfatc. The liposornes

loaded using aRfSAHAR Qi Haer tRitadiedl Hug e ERALE MRE HAbRRI P esHpaive in vivo
stability of drugieneapsudlatioadienlipesRBEBHSINgeRirapNsdammasianenmhsubstituied ammonium

salt. Formulatio@' osome-entrapped Liposome size, nm,. ]G S%gloo half-life fé}ge lipid Time
10 5096 drug relEib AR BROT T SaIP ) GETSIHMI MSGR BETRERT I Hpacal
calf serum in the presence of 5% CO», plated at a density of 5,000 cells/well | and the

drug was incubated with the cells for 6 h.

{0258]  The results are shown in Figure 27. The 1Csp for free VRB was 0.28 pg/ml,
0.17 pg/ml for F5-ILs-VRB, and 0.8 ng/ml for nontargeted Ls-VRB. This represents a

4.7-fold enhancement in drug activity as a function of targeted delivery.

EXAMPLE 51 In vivo antitumor efficacy of liposomal vinorelbine in HT29
human colon cancer xenografts in mice.

[0259]  Small unilamellar vesicle liposomes (93.2 = 26.4 nm by QELS) were prepared
from distearoylphosphatidylcholine, cholesterol, and PEG-DSPE (3:2:0.045 molar ratio)
by hydration from a concentrated ethanolic solution in an aqueous solution of
triethylammonium sucroseoctasulfate (0.6 M triethylammonium, pH 5.7-6.2), followed
by repeated extrusion through polycarbonate membranes (100 nm pore size), removal of
extraliposomal polyanionic salt, and loading with vinorelbine by incubation with the
liposomes in isoosmotic buffer pH 6.5, drug/lipid ratio of 325 mg VRB/mmol
phospholipid,'at 60 °C as described in Example 42.

{0260] Female BALB/c homozygous nude mice (6-8 weeks, weighing 17-20g) were
injected subcutaneously in the flank area with 1x10° of HT-29 human colon carcinoma
cells (American Type Culture Collection, Rockville, MD). Starting with day 16 post-
tumor inoculation, when the mean tumor diameter reached 5-8 mm, the mice were
randomly divided into three groups of six animals each and treated with free or liposomal
vinorelbine at a dose of 5 mg/kg through the tail-vein every three days for a total of four
injections. For the control g:roup, mice were treated with an equal volume of saline. The

tumor size of each mice was measured using a caliper and the tumor volume was
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EXAMPLE 45. Preparation and in vivo stability of vinorelbine loaded liposornes of various size.
[0248][3M-04E-labeled liposornes (1.5 mCi/mmol phospholipid) with entrapped solution of
triethylarnmonium sucrose octasulfate (0.65 M TE4,,pH 6.4, osmolality 502 mind/kg) were prepared by
the ethanol mixing-extrusion method of Example 11. The extrusion step contained 15 passages
through two stacked polycarbonate membranes with the pore size of 0.05, 0.08, or 0.1 pm. Vinorelbine

loading, |solat|on ofv rer| li osome and lipo echara eI nfoIIo ed the method of
ST S A e

umo x(tumor wi SSes
Example 40. Femaﬁe ,8 Aok were use 3 EI osome |n vivo stability.

Liposome lipid @mﬂedNlepﬂmarthm@kalewaa&sm@ecﬁ|nvna¢9\@smyﬂxampteah&n<98ﬂp®®4\9a§he
resuls are shown i FigIes. &b 221 ANd e Table £8,05io LiResames sxidesdhigugh 0.05,

0.08, and 0.1 urn polycarbonate fllters were compare shown to have similar drug and liposomal
carrier pharmadokifieticsraslbiedl ax s griitaprexteireuteontdats [bakagelrmmeravadhreleassrom the

liposornes in blgad wag fhakaiepzed Pithe A% releass imesin e [ange.Af aRRrexipately 40-80
hours, well above 24 hours.
during the course of treatment indicating that the treatment was well tolerated, and that

liposomalization did not increase the drug toxicity (Figure 29).

EXAMPLE 52 In vivo antitumor efficacy of liposomal vinorelbine against C-
26 syngeneic murine colon cancer tumors.

[0261]  Liposomal vinorelbine and free vinorelbine were prepared as in Example 48.
Male BALB/c mice (6-8 weeks, weighing 17-20g) were inoculated subcutaneously with
2x10° of C-26 murine colon carcinoma cells. At day 17 post-inoculation, when the mean
tumor diameter reached 5-8 mm, mice were randomly divided into six treatment groups
of five animals/group. The tumor bearing mice were injected through the tail-vein with
free vinorelbine at 6 mg/kg, 8 mg/kg, or 12 mg/kg, and with liposomal vinorelbine at 4
mg/kg or 6 mg/kg every three days for a total of four injections. For the control group,
mice were injected with equal volume of normal saline. Tumor sizes and animals body
weights were followed as in Example 51. Liposomal vinorelbine even at 4 mg/kg, was
constderably more efficacious in reducing the tumor growth than free drug at 12 mg/kg
(Figure 30), The animal body weights in the course of treatment showed little change
(<10% decrease) indicating that the toxicity of liposomal vinorelbine was not increased

compared to that of free drug (Figure 31).

EXAMPLE 53 In vive antitumor efficacy of HER2-targeted liposomal
vinorelbine against BT-474 human breast cancer xenograft tumors in mice:
effect of loading counter-ion.

[0262]  VRB-loaded liposomes 99.5 & 10.2 nm in size were prepared by the TEA-Pn
method of Example 41 and TEA-SOS method of Example 42, respectively, except that
[H]-CHE was not added. VRB was loaded at the drug/phospholipid ratio of 350
mg/mmol. HER2-targeted liposomal vinorelbine was formed by incubating these
liposomes with F5-PEG-DSPE conjugate (see Example 19) as described in Example 43.
BT-474 HER2-overexpressing human breast carcinoma xenografts were raised in

homozygous nude mice as in Example 10. At day 25 post tumor cell inoculation, when




Table 28. Characterization of xinorelbinel posomes. Liposome size,Drug load,LoadingBlood half-life of
Time to SO% nm, mean SDmg/mmolefficiency, 86the lipid matrix,drug release in (by
QELS)phospholipidhoursthe blood, hours 87.6d: 28.1 352.413.9 100.7 + 4.0 14.6 0.7 39.73.1 98.5
15.1372.6 72.792.7 6.513.0 et, 0.2 47.9 3.8 109§, 24.6 357.0 10.5 102.0 3.0 14.3 0.3

the tumors reached about 200 mm® in size (range 144-309 mm”), the mice were
randomized into four groups of eight animals/group, and treated i.v. with 5 mg/kg of free
VRB, F5-ILs-VRB with Pn as a counter-ion, or F5-ILs-VRB with SOS as a counter-ion,
at a dose of 5 mg/kg weekly for a total of three injections. The control group received
equal volume of normal saline. The tumors and animal body weights were monitored as
in Example 10. HER2-targeted liposomal vinorelbine loaded using sucrose octasulfate
was noticeably more efficacious in reducing tumor growth than the same targeted
construct loaded using poly(phqsphate}, and both immunoliposomal preparations were
considerably more efficacious than free vinorelbine when administered at a dose of 5 mg
VRB/kg (Figure 32). The drug-treated mice demonstrated little change in weight

indicating that the treatment was well tolerated (Figure 33).

EXAMPLE 54. In vive antitumor efficacy of HER2-targeted liposomal
vinorelbine against BT-474 human breast cancer xenograft tumors in mice:
effect of PEGylation.

[0263]  The liposomes of DSPC and cholesterol in the molar ratio 3:2 were prepared
according to Example 48 by hydration of the lipid matrix of DSPC, cholesterol, and PEG-
distearoylglycerol with PEG mol. weight 2,000 (GS-20, NOF Corp., Japan) at a molar
ratio 3:2:0.015 ("0.5%PEG") or 3:2:0.3 ("10%PEG") via ethanolic solution method in an
aqueous triethylammonium sucroseoctasulfate, followed by membrane extrusion
according to Example 48. VRB was loaded into the liposomes at the drug/phospholipid
ratio of 350 mg/mmol. F5 immunoliposomal vinorelbine was formed by incubating these
liposomes with F5-PEG-DSPE conjugate (Example 19} as described in Example 43.
Nude mice with BT-474 xenografts were raised and treated i.v. with free VRB, F5-Ls-
VRB-"0.5%PEG", or F5-ILs-VRB-"10%PEG" at 5 mg/kg as in Example 53. As shown in
Figure 34 , F5-ILs-VRB with higher PEGylation provided with a non-ionic PEG lipid
derivative PEG-DSG was noticeably more efficacious in reducing tumor growth than F5-
ILs-VRB with lower amount of PEG-DSG, while both preparations were more active

than the free drug.

EXAMPLE 55 In vivo antitumor efficacy of EGFR-targeted liposomal
vinorelbine against US7 human brain cancer xenograft tumors in mice.

[0264]  The liposomes (86.6 &+ 12.9 nm in size by QELS) with encapsulated 0.65 M
TEA-SOS solution were prepared and loaded with VRB according to Example 42. Anti-




78.0 1.4 EXAMPLE 46 . Preparation of 1-{ER2-targeted vinorelbine liposornes using TEA-SOS
entrapment method, and pharmacoldneties of ITEM sefv-targeted and non-targeted immunoliposomal
vinorelbine in rats. 102501Liposomes were prepared, loaded with vinorelbine at the 350 trigirarnol
drug- phospholipid ratio, and analyzed as describeg,jn Example 43, except that TEA-SOS solution of
Example 45 was substituted for TEA-Pn solution. Extrusion step included 15 passages through 0.08
pm pore size polycarbonate filters. The Liposome size was 95.0 26.0 nm by QELS.F.Sselly-linked

anti-HER2 vinoselpiag, mMUNARgeaMIas:ess frapaed,iam iheseaineralbiebipgames, and blood

pharmacokinetics of the liposomal lipid a ug of HER2-tafgeted and nontargeted Liposome

vinorelbine was 8 dipepimeaty it tHe S&(bES FE Eraivfsie aBaCirsuRiibh Mok Stth&agsssdime Lipid
was 11.4 hours, and 4 diheure#pd e 50% drug release time was 30.9 hours and 30.3 hours for
F5-ILs-VRB and Ls-VRB, respectively. Thus, the lipid and drug phannacokineties of Ls-VRB and F5-

1Ls-VRE was lose, indicating that the introduction of the scEy-PEG-DSPE conjugate neither
affected cleara ?{:Ee% Sg‘f th?aw@g?rki%e%t}{ls%el f7ﬁé?‘r¢§§?ﬂf’§gfiﬁ§<ﬁné¥8‘§§3}¥|g§zg§g of 't léuéﬁtfgg from the earner
while in the circulatiom¢Figly. 23h@ Apn08 & XAM PLED 47, PYe panatiogiiabid sphvaarrlsdif € properties of
vinorelbine lipogames complisi M?F}{éﬂm lipid derivatiy lycethylens glycal). .. 4eq
102511Methoxy-§é% e(Mlgl.wgipghtz;OO‘O)-I éﬁ\?atgve o%%ﬁlg{ﬁq;tl%%ézb-{}:)grar%de PErGe?%eera%lide) was

obtained from Rrtes it Ariem Crargdeacr MetHon)yREGied dhtasighar2upo of-Histd ariigk cerol

(PEG-DSG) (SPNBRIGHT. 08204 was fFem NQRGAnidaRag-«+02R21 hipgsamesJiaving the lipid
composition of DSPC, cholesterol, and PEG-lipid (PEG-ceramide or PEG-DSG) in the molar ratio of

3:2:0.3 and ent'apped ‘ﬁ%%e?f@éiéléo}(}%igﬁt(e.@gw “ERE PB4 oShe AP 5T W RERiIKE) Here

prepared by thegthanehnyxngiextrasionmeathoc ohExamaleddy Jherxivdsianaieptngiugded two
passages through twg stacked E)F%Igp%rg({gate membrane filters 2 times using pore size 0.2 um and 10
e lipds

times using 0.08"AMPSbE Size? e At ALt UHHGHAMIE SRS IR IBhospholipid
ratio of 350 mggumadl, «dlEsaBterzad fryssiag hdrug; et kpidconoeptidtiomoand dheithphasmacokinetics

was studied in rats as llr; ()ExaggpIvc?né(l)%1 18<-t3h tcgnguvlat(i)geq ishov%edeﬁgglgg%e@ici&geug ion time of the lipid
matrix and slow Telease of the drug in VIVO(,HWII' at'leas %% of the drugr alniné'encapsulated after
24 hour in the blood in vivo, as shown in the Table 29 below. Table 29 Characterization of vinorelbine
liposomes with variou@ﬁﬁ@ﬂfpﬁiéﬁ?ﬁé&%’iﬂ@?%i%, Ry TBace KBAtRIS SO e Time to 50% drug
rim, mean SDnagimnSBFRRTIEHES HnfstirsreuB it Bame p B Etlig i RsEtblipidmatrix,

hourshours PEﬁi%%r]amig%osomes with various lipid matrix composition (as indicated in the table
below) were formed as described in Example 2. N-Glutaryl-DSPE (Giu-DSPE) was from
Avanti Polar Lipids, AL, USA. A neat lipid film was formed from the lipid solution in
chloroform using rotary evaporation, trace volatiles were removed under vacuum (90 um
Hg, 2 hours), the lipid film was hydrated in a triethylammonium sulfate (TEA-SOy)
solution (0.65 N TEA), subjected to six cycles of rapid freeze and thaw, and extruded
through two stacked 0.1 pm pore size polycarbonate filters ten times and through two
stacked 0.05 um pore size polycarbonate filters ten times. For lipid matrix quantification
in the blood samples, [3H]—CHE was included in the lipid matrix at 0.5-1.5 mCi/mmbl
phospholipid. The liposomes with entrapped TEA-SQOj4 solution were loaded with
doxorubicin according to Example 2. The liposomes in HEPES-buffered saline (20 mM
HEPES-Na, 135 mM NaCl, pH 6.5) were incubated with doxorubicin hydrochloride
(drug/phospholipid ratios of 140-170 mg/mmol) at 60 °C for 45 min followed by
quenching on ice and removal of unencapsulated doxorubicin by gel chromatography.
Doxorubicin was assayed by spectrophotometry (Example 71), and phospholipid was
assayed by Bartlett method (Example 70). The properties of resulting iposomes are

summarized in Table 30 below.




103.3 30.9 291.418.0 83.26 5.14 14.0 102.7 PEG-DSG 101.3 20.1 359.3 7.2 102.7 2.1 15.1 24.6
102531Remarkably, the increased PEGylation of these Liposomes (PEG lipid content about 5.7 mol.%
of the total lipid) had practically no effect on the liposome blood circulation longevity compared to the
similar, size-matched fiposomes having low PEGylgfion of about 0.3 mat. % of total lipid (Example 45,
109.6 nm; t1,2-14.3 hours; 98.5 nm, t1y2=13.0 hours).

Table 30. Properties of liposomal doxorubicin at various lipid compositions.

Lipid composition (molar ratjo) Liposome size, nm drug/phospholipid

{mean + SD by QELS) (mg/mmol)

DSPC/Chol/PEG-DSPE (3:2:0.015) 81.8£27.3 163.6+ 4.4
DSPC/Chol (3:25 79.1£27.9 137.0+17.5
DSPC/Chol/Glu-DSPE (2.85:2:0.15)  83.6£27.2 141.7 £ 10.4
DSPC/Chol/PEG-DSPE (2.7:2:0.3) 83.7+23.1 - 175.0+£6.8

{0267}  Blood pharmacokinetics of these doxorubicin-containing liposomes having
lipid composition of DSPC/Chol/PEG-DSPE 2.7:2:0.3 was studied in rats at a single i.v.
dose of 5 mg doxorubiciivkg as described in Example 9. The liposomes were long
circulating (half-life of about 28 hours) (Figure 36). The stable doxorubicin-to-
phospholipid ratio indicated that the formulation was remarkably stable against the drug

leakage in the circulation, losing less than 25 % of the drug over a 48-hour time period.

EXAMPLE 57. Doxorubicin-loaded liposomes and anti-HER2
immunoliposomes prepared by TEA-sulfate method: preparation and in vivo
antitumor efficacy against HER2-overexpressing human breast cancer
xenografts.

[0268]  Doxorubicin-loaded liposomes having various lipid compositions and
properties (listed in the table below) were prepared as described in Example 56.
Doxorubicin-loaded anti-HER2 immunoliposomes were prepared from doxorubicin-
loaded liposomes by co-incubation with anti-HER2 scFv F5-PEG-DSPE conjugate
(approx. 30 scFv/liposome) as described in Example 19. NCR mu/nu mice bearing the
subcutaneous human breast tumor xenograft (BT-474) were raised, treated (in groups of
10-12 animals) with liposomal or anti-HER2 immunoliposomal doxorubicin at a dose of 5
mg/kg once weekly for a total of three weeks once the tumors reached an average size of
200 mm’, and the tumor progression and animal body weights were monitored as
described in Example 29. For non-targeted doxorubicin liposome formulations, the lipid
compositions containing no PEG-DSPE, 0.5 mol.% PEG-DSPE, or 10 mol.% PEG-
DSPE, were studied; for F5-immunoliposomal doxorubicin, the formulations with 0.5
mol.% PEG-DSPE and 10 mol.% PEG-DSPE were studied (here the quantity of PEG-
DSPE is expressed as mol. % of liposome phospholipid). The results (Figure 37, Table
31) demonstrated that all doxorubicin treatments were effective in retarding the tumor

growth. On the basis of tumor sizes at day 53 post inoculation, the differences in tumor




100 EXAMPLE 48. Preparation of HER2-targeted liposomal vinorethine and eytotoxicity of free,
HER2-targeted, and non-targeted liposomal vinorethine against MDA-MB-453 cells in vitro. 102541V
norelbine-loaded Liposomes (Ls-VRB) were prepared as in Example 42 (without( likalE) using drug
loading at pH 6.0 and 350 ug vinorelbinelmnol phospholipid. Anti-HER2 immunoliposomal vinorelbine
(F5-1Ls-VRB) was formed by incubating these liposomes with F5-PECI-DSPE conjugate as described
in Example 19 and 42 above, except that [3]-1]-CHE was not added. "Free" vinorelbine was prepared
by dilution of vinorelbine bitartrate 10 mg/MI soluti®n USP into the cell culture medium.
102551MDA-MB-453 are human breast aclenocarcinoma cells (American Type Culture Collection,
Rockville, MD) that moderately overexpresses HER2 receptor (about 3x104 tolx105 copies/cell).
Cytotoxicity of VRE'HeEH 48 e d8arsy; 48 o tayEte i o SsHal VirforeBitécdr as
HER2-targeted @&)firamuiddlipusomad¥inore thinenagaiistsMd A-MBHMEE wellewas détermined as

described in ExaRler2hoR¥samh hatihecelswers M%ﬁﬂl%%mﬁ}m}@@hmm@'@{@s under the

supplier-recomme h ition Le|b0W|t L-15 Wlth um, no CO2
supplementation) Qgg%’gﬁ%\ﬁ% otC q@ﬁ(a‘%egﬁ% e © 1C(§Cfﬂus ftg ormuF'Ztlon re 9ded in a series of

1:3 stepwise dlluti%s@%%rﬁgmﬁbh"@fﬁ?@ﬂfr@%HS Trrestutl. Viabiityrtkaeesset e plomedagainst drug
concentration (Figytie 29) angheag mmzcrantram@eregmre@imsrgdu&enmaa@eu wiakility to 50% (1050)
were estimated from Bg qup Sp s &9? Xl Eé : utl% e&;eé:(l3 e\ér r]glalgcrnetl1 osome Q 0f61 g(?/ml) was close to
that of the free dCrug? b % )an Substantiall y lower A that of Non- targete liposomes (2.2
['gimp. This reprbadritsighs? 481d &fthancement in activity as a result of cancer cell-specific targeted
delivery of the drug. EXAMPLE 49. Cytotoxicity of free, HER2-targeted, and non-targeted liposomal
vinorelbine agaifgb\Cal tHBocensl ifpxAttdiclD2I6 v THEUIpOSHAES 8réV iRt of the previous example
(Example 43) Wererhtsed;tt& etmdgée@;ymt@&'te&y@f free vinorelbine Ls VRB, and F5-ILs-VRB in HER2-

Overexpressmg nuu an ”L(J)ISIItIDOII!l ath-eell Iung cat ullunla eells dm . OS ITI n"i’i"c’%i’ér umO}JSrLUIe COlleCtlon
Rockville, MD). + & celld were grown in RPMI- ﬁ%dnmedlum %\fh 5). % fetal ca serum in the presence

of 5% CO2. The results are shown in Figure 262TH8 1C50 FlofB&WRB wad 42218 igfin1 for
F5-ILs-VRB, and 50 ugiml for 101 nontargetednh&MRB) ThrlﬁdiepEH'iSentS a({ief@id elrlvrancement
liposonae-encapgufted drigrastivity as :

Cytotoxicity of free HER2 -targeted, and non- targeted Ilposomal V|norelb|ne agalnst SICEr-3 cells in
vitro. 102571Thé7hf38:96@1es and methods of Example 48 and the were used to study eytotoxicity of
free vinorelbine, mSPKZRqua:nﬂ) 175 1Ls VRB wBHER?ZSrevereS(pzessmg humaﬁsbﬁeﬁst carcinoma cells
SKBr-3 (Americg e OB : 3 e CEnt sliswere grown in the
modified McCo . ated at a density
of 5,000 ceIIs/wemspgﬁ(alﬂl(gEdr‘l}bSWas |ncubaterlﬂ’t\Aﬂ‘FﬂS’d‘i%1 céﬁg'f‘&r%gh 1025éﬁ'ﬁ3 results are shown in
Figure 27. The ICED(TOHYeé’&/RIBIWé@ 052)8 pg/ml O 17 ttglml for F5 ILs VRB and 0.8 |g/m1 for
nontargeted Ls-¥RE=/Fl ] SRS NIENG Y nction of targeted
delivery.

+ FS scFv-PEG-DSPE

EXAMPLE 58 Preparation of liposomal vinblastine and blood
pharmacokinetics of liposomal vinblastine in rats.

{0269}  Liposomes with entrapped aqueous TEA-SOS solution (0.65 M TEA, pH 6.4,
osmolality 502 mmol/kg) and size 99.5 & 10.2 nm (meant SD by QELS) were prepared
by the method of Example 11 using extrusion 2 times through two stacked 0.2 pm
polycarbonate membranes and ten times through two stacked 0.08 pm polycarbonate
membranes. Vinblastine (VBL) in the form of vinblastine sulfate USP was added at a
drug-to-phospholipid ratio of 150 mg/mmol. The pH of the drug-liposome mixture was
adjusted to 6.5 using | N NaOH, and the mixture was subsequently incubated at 60 °C for

30 min. The reaction was then cooled on ice for 15 min and unencapsulated drug




EXAMPLE 51/n vivo antitumor efficacy of liposomal vinorelbine in 11129 human colon cancer
xenografts in mice. 102591Small unilamellar vesicle liposoirtes (93.2 + 26.4 run by QELS) were
prepared from distearoylphosphatidylcholine, cholesterol, and PEG-DSPE (3:2:0.045 molar ratio) by
hydration from a concentrated ethano lie solution in,gn aqueous solution of triethylammonium
sucroseoctasul fate (0.6 M triethylammonium, pH 5.7-6.2), followed by repeated extrusion through
polycarbonate membranes (100 am pore size), removal of extraliposomal polyanionic salt, and loading
with vinorelbine by incubation with the I%)somes in isoosmotic buffer H 6.5, %Ug/hpld ratio of 325 mg

VRB/mmol phoSPRSGitr Lt stREs {dsttibdd! H"éﬁﬁrﬂﬁfﬁn@qw@@i LA APBA o2y gous
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randomly dividéd. lﬁﬁb}tﬁ&é% yroupsuofdin drirraisudscin andrgated WithGveenot hbmmldlnorelblne at
a dose of S mokg iough e, alkyein ayes thies days (adaia) g iurdnisaions. farybe contro
group, mice were treated with an equal volume of saliné. The tumor size -of each mice was measured
using a caliper gifdPgéatior volume was 102 calculated using the formula: (tumor length)x(tumor
width)2/2. To assess treatment-related toxicity, the animals were also weighed twice weekly.
Liposomal vinoretbine wa&s@gmmd@ﬁxﬁamidefa@%m@ﬁ&mmmus iR euppredsing the @rowth of
HT-29 tumors that fre b| e, causmq tumars, to regres h|I in the free drug group the tumors
always continuéd ?o grow reafif) “There r{)gi‘ 8¢ %Sr?ﬁgl?ﬁwamr%sﬁ b% ﬁ%welg}% é)urlng the
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treatment groupd BT VRDHISAGISATEIBAITIE HIRBT ST AT TEd WER TRt P RGN RO Bail-vein

with free vinorelhine R4 &i0e/kde £ 09K, OF 42 BAgisauiand With linesemaiyinoselbine atdung/kg or 6
- mg/kg every, three days for a total of four injections. For the control group, mice were injected with
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growth than free drug at 12 mg/kg Flgure 3 , The animal body weights in the course of treatment

showed I(Ijttle chﬁmgy (<1E1ﬁb§’cf§]§é@%ﬂ) ﬂmdgc@tu;fgz&;a&thec,t%qbw of HipOS O paIl ddngkaiinesras not
increased compared to that o rug, (Figyre 31 In vivo ntltumor
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conjugate (see xpMOIR,! AR Aesa AINEHANARAS BT A BRRamMEIRIRIRRSIDY human breast

carcinoma xenografts were raised in homozygous nude mice as in Example 10. At day 25 post tumor

cell inoculation PRef@RONDA tRétaRiofs B AEEaiaBoRA0hIHrRclip &iree REnYe 14RssBNiAs3), the mice
were randomizeghinte-fourigrrunsiof eigbianialsiareuns anditeated doeavith fyingikengidree VRB,
175-1Ls-VRB with Pn as a counter-ion, or F5-1Ls-VRB with SOS as a counter- -ion, at a dose of 5
mg./kg weekly 1t §¢SRaI 6T HRedIA J@@t?&?éoﬂqﬁ%‘ﬁ?fﬁﬁﬁaj?&?pﬁr‘é@éi@%@ﬁ%f%w%if‘?\ormal saline.
The tumors andsaghatiakmody g\eerghft@w@tarm@mgfqd\g&lmzﬁgamplaggaﬂ&mﬂmgmmpo:@mal
vinorelbine loade ctasul e was notlceab more ef ious in red cmg tumor growth
than the same t&r %3\? 3?368% rﬁs)(:t oSdsy sm‘é)% S Vieelate ‘%pha":tn )angr?/&ﬁga{ i chomaI
preparations werecansicenabty more aéﬁwhmustth@mrﬁree%trmﬂeﬂalmtwhm zactrmmstmdﬂat a dose of
5 mg VRB/kg (Fllgéjfe ?h The dr rceo%% %Q%Q%mg&s“gttegsytg Opgglqgg /6t ight indicating that
the treatment was wel dO igure 54 In Viv antltumor ef cacy of
11ER2-targeted liposomal vmorelbme agalnst BT-474 human breast cancer xenograft tumors in mice:
effect of PEGyIé? 2] The results are shown below in Table 32. The drug loading was inexcess of

90% in the range of pH 4.5-7.5, and practically quantitative at pH 5.0-7.5. At pH 3.5,




[02631The liposornes of DSPC and cholesterol in the molar ratio 3:2 were prepared according to
Example 48 by hydration of the lipid matrix of DSPC, cholesterol, and PEGdistearoylglycerol with PEG
mot. weight 2,000 (05-20, NC.)F Corn., Japan) at a molar ratio 3:2:0.015 ("0.5%PEG") or 3:2:0.3
("10%PEG") via ethanolic solution method in an agggeous triethylammonium sucroseoctasulfate,
followed by membrane extrusion according to Example 48. VRB was loaded into the liposorncs at the
drug/phospholipid ratio of 350 mg/mmol. E5 immunoliposomal vinorelbine was formed by incubating
these liposomes with F5-PEG-DSPE conjugate (Example 19) as described in Example 43. Nude mice
with BT-a74 Xe RGeS FARSEHF AR oBRERI TS TR e IO LURES ™6, BYABE S o
F5-ILs-VRB-"10WRE G mad:h, the Mg dasei v sxanyderddyAssshown in Figure 34 , F5-1Ls-VRB with higher
PEGylation provided with a non-ionic PEG lipid derivative PEG-DSG was noticeably more efficacious
in reducing tumpggrawth, than £ 5r ks RB With lower Ampitiof REG: RRG.hils.batb preparations
were more active than the free drug. EXAMPLE 55 In vivo antitumor efficacy of EGFR-targeted
liposomal vinoréfBie against U87 human brain cancer xenograft tumors in mice. 104
EGFR-immundliposgmal WE.(C225Fabi-ILs-VRB) was _prepared by, in filgh of V Iposornes with
the PEG-DSPE coﬂ%qate O%é?lgill)’}?lo 8@&’%%&8@%61 5 fraqmentnglg&JaRe%é%ncé%‘%%gmple 36.
(02651Male NCR mihim mice (5-6 weekg,meighing 17-20 g) were injected sghcgitaneously in the flank
area with Ix 107 of UﬁB? human glioblazsé?r};g %(?l S (ATCC) suspended in tl%gggzo ﬁh medium in a total
volume of 150 ul. \ﬂ'l en the tumor reacHéd an average size of 250 mm3, mice were randomly divided
into four groups of 10-12 animals. The3dliceviete treated with three weeklg3.&xinjéctions of "free”
VRB, nontargeted g VRB, or C225Fa '-11%-:?-3\538 at a dose of 5 mg VRBllgﬁ.l. ;I'Iaq control group
received an equal volume of saline. The tumor Ssizes and animal body weights were monitored as in
Example 10. C2258%ab'ALs-VRB wasX{dticeably more efficacious in supptéssing&he growth of
EGER-overexpresging human brain capeer xgnggraft tumors than either rgnstargeted liposomal
vinorelbine or free vinorelbine at an equal dose (Figure 35). EXAMPLE 56. Preparation and
pharmacolcinetics dfdosorubiein encapédiatéd-in the liposornes using triétytantmionium sulfate
method. 102661Liposomes with variogglipid matrix composition (as indicajgd intlhe table below) were
formed as described in Example 2. N-Glutaryl-DSPE (Giu-DS vas-from-Avanti Polar Lipids, Al_,
USA. A neat lipid film was formed from the lipid solution in chloroform using rotary evaporation, trace
volatiles were removed under vacyum (90 um Hg, 2 hours), the lipid film.was h dratﬁg in
redhytammoniun su|fgze§t}1§f§§§.§§43§g&ga%}@f@gm“@g;%ﬁ%@m@té‘a'c#%;x*egy%ﬁ%% A theeze and

»
thaw, and extruded thro ratio i

two stacke o.f[“&m pore size polyear ofiate filters ten times and through

two stacked 0.0 porecsizemolysarhanateflisredentipesor dipidmatbauantificaten in the
blood samples, [31-1}-CHE was included in the lipid matrix at 0.5-1.5 mCiimmol phpsph%[)icl. The
liposomes with Rttafatre ALERA 5 8IS RRRSYBI WAHS 5% oHibitiH ARSI BT W ample 2.
The liposomes phbiERESDuferedssalinal (291 onik Ipk B &rd\ e, EL3mmd/EINAGE, [pidsorbyspereicubated
with doxorubicin hydrochloride (drug/phospholipid ratios of -170 inginarnol) at 60 r 45 min
followed by eGSR A U A e Beor b By e Chi b oy
Doxorubiein wakrassayathdrpispastophetbmetyy (&X@artple (25 %ndiphdsgholipicd wasiassayed by

partlett method (fXpraple.( Q) shhe SaRRLteR A desiling, loaramenaie siuraiized in Table 0

below, 105 Table 30. Properties of liposomal doxorubicin-at variots lipidcompositions Lipid
composition (moragtrealb) Bipossriecdizeysemirtrddhps phshpicnemezn ch SEOTELS)¢Ag/mmol)
DSPC/Chol/PEG-DSPE (3:2:0.015)81.8 Jc. 27.3163.6 4.4 DSPC/Chol (3:2)79.1 27.9137.0 17.5




DSPC/Chol/Glu-DSPE (2.85:2:0.15)83.6 27.21412 10.4 DSPC/Chol/PEG-DSPE (2.7:2:0.3)83.7 3:
23.1175.0 6.8 [02671Blood pharmzicokinetics of these doxorubicin-containing liposomes having lipid
composition of DSPC/Chol/PEG-DSPE 2.7:2:0.3 was studied in rats at a single iv. dose of 5 mg
doxorubicinikg as described in Example 9. The Lipggomes were long circulating (half-life of about 28
hours) (Figure 36). The stable doxorubicin-tophospholipid ratio indicated that the formulation was
remarkably stable against the drug leakage in the circulation, losing less than 25 % of the drug over a
48-hour time period. EXAMPLE 57. Doxoruhicin-loaded liposomes and anti-flER2 immunoliposomes
prepared by Tér&?éd I:fglte\}rf\%ﬁ%‘&?b?%?)‘gfgdﬂghl?ﬁ@ﬁ??i%%ﬂﬂﬂﬁnﬁ%ﬁ@?c@j éﬁg’ﬁ?& drug-to-
HERZ2-overexpigssingidruman breast cancer xenografts. [0268]Doxorubicin-loaded Liposomes having

various lipid C&WWW A-the-table-below)-were-prepared-as-deseribed in
Example 56. Dox6ruhici-loaded anttER? imRROINGsome were prepared framcaskbribicinloaded
Liposomes by co-incubgtgnmwith anti-HER2 setinhFpREEPSPE conjugate (approx. 30
scEv/liposomejasdescribedinExampte 19 NER 1M mice bearing the subcutaneous-human
breast tumor xenograft (B'f’§274) were raised; trea{éafiﬁ ar%ups of 10-12 anﬁ%%%j&v‘%/iﬁﬁ liposomal or
anti-11ER2 immunoliposomgl doxorubicin at a doge; of 5 jag/kg once weekly;fgy a.tqtal of three weeks
once the tumors reached an average size of 200 rnm3, and the tumor progression and animal body
weights were monitored asdescribed in Example329. Fo2tén-targeted doxofthicinSliposome
formulations; the lipid compagsitions containing no PEG-E)JI?DPE’ 0.5 mol.% PE@-QSPE}, or 10 mol.%
PEGDSPE, were studied; o F5-immuno|iposotn<'§1ll5 8% %cin, the formulat Rs with’0.5 mol.%
PEG-DSPE and 10 mol.%{REG-DSPE were studieg;(here thhe quantity of PEGRSPE;is expressed as
mol. % of liposarne phospholipiti he re iaure able demonstrated that.all.doxorubiein
treatments were effective in retarding the tumor growth. On the basis of tumor sizes at day 53 post
inoculation, the differepgegvrptumnr Fep-Giawihinhikitipssamangttitimeenanjasgaiedylippsome
groups did not raise taigtatsiinal=igRificants A&l Wi R H81) ¢ bthaisemenelipaseme doxorubicin
was significantly more efficacious than non-targeted liposoinal doxorubicin (ANOVA p=5.5x | 011), the
"10%PEG-DSPB2 fdfmulaioscbeingnuoiaeflicabicBs than @B REGDIERE in Btaderit'S-test,
P-0.027). In theyLQUREGORRE TR AL I OMRIIEHRAS [REReSHRIR MR GIJESRIRAY o o
animals, while in "0.5%PE -DS£E" 75-ILs group only in 9%. In the control group (saline treatment)
the tumors excédHathe GEceEtAbIB sis RFRGIAEITEBEY MOefgHY df%t%%lii?q:&m%b?ﬂ?‘uposomal
doxorubicin in iy antityneb etiicacy study;Jdiposeme: sharaenislics apda.tipanent-aitcomes. Lipid
composition Lipasome size, nm (mean SD) druginhosphalipid ratio, mg/mmol (mean SD) Average

tumor size at da}PSES RS fridah " SENHRBRYEHBY PEELDEPE SRS G Byic UST In water,

followed by sterile filtration. Cytotoxicity of VCR, Ls-VCR, and F5-1Ls-VCR against

HER2-overexpressing human breast carcinoma cells SKBr-3 (ATCC) was determined by
MTT-based cell viability assay using the procedure of Example 27, wherein the cells
were inoculated into 96-well microtiter plates at 5,000 cells/well, acclimated overnight,
and incubated with the drug-containing media for 4 hours, followed by post-incubation in
a drug-free medium for 3 days. The results are shown on Figure 40. The ICsy was 75
ng/ml for free VCR, 11 ng/ml for F5-ILs-VCR, and 3 pg/ml for Ls-VCR. The targeted
liposomal vincristine prepared according to the invention was 6.8 times more active than
the free drug, and 273 times more active than non-targeted liposomal drug, showing

substantial enhancement in anticancer activity as a function of cell-specific drug delivery.

EXAMPLE 62 Blood pharmacokinetics of Ls-VCR in rats.

[0275]  Liposomes with entrapped SOS-TEA solution (0.65 M TEA, pH 5.8,
osmolality 530 mmol/kg), and lipid composition of DSPC/Chol/PEG-DSPE (molar ratio
3:2:0.015), also containing [*H]-CHE at 1.5 mCi/mmol phospholipid, were prepared by




83.4 =23.3136.7k 6.7 490 74 DSPC/Choi (3:2) 80.5 26.6 151.71 1.9 587 1 61
DSPC/Chol/PEG-DSPE (2.7:2:0.3) 81.0 4: 24.7 140.1 -1 4.2 365 60 DSPC/Chol/PEG-DSPE
(3:2:0.015) + E5 scEv-PEG-DSPE not measured 140.72.8 119 1 39 DSPC/Chol/PEO-DSPE
(2.7:2:0.3) not measured 132.9 1- 2.2
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the method of Example 11 using extrusion step of 10 passages through two stacked
polycarbonate membranes with the pore size of 80 nm or 100 nm. The liposomes were
loaded with VCR at pH 6.5, drug/phospholipid ratio of 350 mg/mmuol, as described in
Example 59. The VCR-loaded liposomes were administered 1.v. to female albino rats
{180-220 g) at a dose of 5 mg VCR/kg, and the blood pharmacokinetics of the drug and
the liposome lipid was studied as described in Example 9. The amount of VCR in the
blood samples was quantified by HPLC as described in Example 41, except that the
volume ratio of aqueous triethylammonium acetate (pH 5.5) and acetonitrile in the mobile
phase was 65:35. The typical retention time for VCR was 8.8 min. The results are shown
in Figure 41 and Table 34. Both preparations had extensive circulation jongevity (blood
half-lives of 12-17 hours). Liposomal vincristine was remarkably stable against drug

leakage in both preparations (half-release time over 120 hours) (Figure 42).

Table 34. Characteristics of liposomes loaded with vincristine at 350 mg/mmol

phospholipid using TEA-SOS method.

Extrusion Liposome Drug load, tip lipid, tizp VCR, tin, VCR
pore size, nm  size, nm mg/minol hours hours release, hours

(mean £ SD)  phospholipid

80 10124202  347.7£2093 175%1.5 16.0+2.0 >120
100 1256 £32.0 366841811 12,107 12.0£0.8 Not detectable

EXAMPLE 63. Blood pharmacokinetics of Ls-VCR in rats at various

drug/lipid ratios.
{02761  Liposomes with entrapped SOS-TEA solution (0.65 M TEA, pH 6.4,
osmolality 485 mmol/kg), and lipid composition of DSPC/Chol/PEG-DSPE (molar ratio
3:2:0.015) also containing [*H]-CHE at 1.5 mCi/mmol phospholipid were prepared by the
method of Example 11 using extrusion step of 10 passages through two stacked
polycarbonate membranes with the pore size of 50 nm or 80 nm. The liposomes were
loaded with VCR at pH 6.5 as described in Example 59 by adding a stock 20 mg/mL
aqueous VCR sulfate solution at the calculated drug/lipid ratios of 100, 200, or 350
mg/mmol phospholipid. The efficiency of drug loading was over 96% for all
preparations. The VCR-loaded liposomes were administered i.v. to female albino rats (§-9

week old, 190-220 g) at a dose of 5 mg VCR/kg, aﬁd the blood pharmacokinetics of the




15.5-17.6 E5 scFv-PEG-DSPE EXAMPLE 58 Preparation of liposomal vinblastine and blood
pharmacokineties of liposomal vinblastine in rats. [02691Liposomes with entrapped aqueous
TEA-SOS solution (0.65 N4 TEA, p'l 6.4, osmolality 502 mmol/kg) and size 99.5 1. 10.2 am (mean SD
by OELS) were prepared by the method of Example 11 using extrusion 2 times through two stacked
0.2 pm polycarbonate membranes and ten times through two stacked 0.08 pm polycarbonate
membranes. Vinblastine (VBL)-in the form of vinblastinci sulfate USP was added at a
drug-to-phospholipid ratio of 150 mg/mmol. The pH of the drug-Liposome mixture was adjusted to 6.5
using 1 N NaOH, and the mixture was subsequerify incubated at 60C for 30 min. The reaction was
then cooled on ice for 15 min and unencapsulated drug 107 removed using Sephadex G-75 gel

filtration chromatogra luting with 5 rnM HEPESNa, 135 mM H 6.5. The purified liposomes
were then analyze %g?%ﬁi‘%gﬁé%é%%ﬁ&%ﬁ{éﬁ%ﬁﬁ;‘}%‘%ﬁ%ﬁ%}r‘p X%%‘B%g%f by Badist method as in
Examples 70 andsPM{3PERCHE kipasoiel vidted frethrd-torAiiatoie mieaseaiio bipad aiéfimmol
phospholipid. Thefipesomabvinblastineshad 1a4pi2imeNB immnolphaspghalipid{quantitative

encapsulation). 102701 Blaod, pharnagakinglics,of the, lipgsomal vinblastine in female Albino rats (8-9
weeks old; 200 g) at a dose of 5 mg VBL/kg was studied as described in Example 9. Vinblastine was

quantified in bloog plasnasamplesas Aeserbad i Exaronle dlAsingvinoselbing.asnternal
standard). Vinblastine I|pos§rnes showed good circulation longevity (plasma half-life of the lipid
component 12.8 G U4 WY {F(iPe 38) and very good stability against drug leakage from the
liposonies with gresitesithanl7@04sf the Yitilamgimblestine loadiremainingVélfcapsuldted after 24 h

(Figure 39). The pratsipiection: time to aghigveirglease of 5Q%sof the gpgapsulated.srug was found to
be 40.6J: 1.2 hours. EXAMPLE 59 Prep&ﬂﬂg—ﬁpesemes—loaded with yincristine using TEA-SOS
method and the efféct of pH'BHHe DadigeridER®Rab2711Liposomes with thE¥iZe of 86.6 12.9 nm
(by OELS), lipid campositiongaf DSPC/Chol/PEGtRSBE in the molar ratio:of 3:2:670.1& and entrapped

aqueous TEA-SOS solution (0.65M T A by the
method of Example 11 using extrusion &@EE of If%‘f)%\éﬁageégtﬁ%%l@h t\}\ﬁo“g ngead‘é.ﬁgéﬁgl pore size
polycarbonate membranes. Vincristine (34GR) was added tosthe diposames i 5 mM HEPES-Na, 5%
dextrose agueous-btffer;-pH-6:5,-as-vineristi sifate-at-a-drug-tophosphetipid-ratie-ef-350 pig
vincristinelpmol pﬁ%spholipi&?ltﬁg Zﬁ—‘?waﬂg%dju%%’a 15 the indtitared ratid’dsh g 1R NéQ)H, the mixture
was incubated at 60C for 30 min, chilled on ice for 15 min, and the liposornes were separated from
unencapsulated drug usingsehadex sl gel filration cheamaieaarie-gliing with HBS-6.5 (20
m1A. HEPES, 135 mM Na@hpptiihy.of henpurified dippBeReameara pesvanalyzedder vincristine by
spectrophotometry usingzxdibBAoscatP6Ssmaften dotaditizationcirraeith isopropanol, and for the
phospholipid contﬁgrf#ésingig%gsgQggg&gther%%%aey&g_g tjg;}sl 19%9)@59@83%{18 dresults. are shown

0

. Usi e .
below in Table 32. drug loading was [n excess of 90 th range of p 4.@7—?5, and practically
quantitative at pH@my%gcActrﬁp{ggb_ xample 63 (with omission of ["H]-CHE component) using 50 nm

pore size membrane extrusion and drug loading at drug/phospholipid ratio of 100

o = £ 2 W o a2 oW =l 2 Wa -

mg/mmol. F5 immunoliposomal vincristine (F5-ILs-VCR) was formed by incubating Ls-
VCR-SOS with anti-HER2 scFv F5-PEG-DSPE conjugate (Example 19) as described in
Example 43. Vincristine-loaded liposomes using TEA-citrate (Ls-VCR-Cit) were
prepared similarly to Ls-VCR-SOS liposomes, except that triethylammonium citrate
solution {prepared by titrating aqueous citric acid with neat triethylamine to pH 5.1 and
adjusting the concentration to 0.65 M triethylamine) was substituted for TEA-SOS
solution. The treatment study design followed the method of Example 10. Subcutaneous
xenograft tumors of BT-474 human breast carcinoma were raised in nude mice, and when
the tumors reached the size of 250 mm’ (range144-309 mm") the mice in the groups of
eight to nine, were treated with free VCR, Ls-VCR, or F5-1Ls-VCR at a weekly 1.v. dose
of 2 mg VCR/kg for a total of three weeks, starting at day 19 post tumor inoculation. The

tumor sizes and animal body weights were monitored as described in Example 10. For the




108 which is the pH observed in the liposome mixture after addition of the drug, but without pH
adjustment, the loading was considerably lower. Table 32. pH-Dependence olvincristine loading into
liposomes with entrapped TEA-SOS. pHDrugiphospholipid ratio, uthunolLoading efficiency (%) 3.5 4.5
5.0556.06.57.07.5 39.7 4.9327.2 20.6 360.6,3.8 371.230.2 347.7 20.4 347.7 20.9 377.3 92.2
37L5 24.911.3 0.293.5 5.4103.01.7106.19.199.3,5.899,4 59107_816.8106.1 7.6
EXAMPLE 60. Preparing Liposomes loaded with vineristine using TEA-SOS method: effect of the

drug/lipid ratio on the loading_efficiency. [0273 SOS-TEA-containin%Iiposom_es were prepared as in
Example 59 arfl® o4&t WA nhistifEsentd ap £ tlg G PR sANpid hatdisrerses st

vincristine/umaliphasphedipied itapht et 218669 tiRG I the prosadive af ExamplesbRubhe liposomes
purified from unencapsulated ﬁéu& e then analyzed for _\(CI? b\y spectro hotometirg and for the
liposome phosPSHEIEISIHGENE BEAy BF BPite @’S@T‘ﬁé’ UG 1atimy eHEiEhE FRYRA excess of

90% over the whdlevatudiBguanje K- trewy/ limdieatiosirard was practitadhe gudatitatiugabatween
10450 oungnsh e e SR TANS  YORES e oo
drug-to- eight animals (75%). Ls-VCR-Cit was also effective, causing complete tumor regressions

still observed at day 63 in two out of nine animals (22%), however, it was less effective

than F5-ILs-VCR (p<0.005). Ls-VCR-SOS and free VCR were equally effective (p>0.2)

and less effective than either F5-1Ls-VCR or Ls-VCR-Cit. Thus, surprisingly, with cell-

targeted delivery, a liposomal drug encapsulated using a polyvalent anion éf the present

invention proved more efficacious than the drug liposomally encapsulated via non-

binding anion. Animal body weight dynamics showed that all liposomal VCR

preparations were less toxic than free VCR, causing less body weight loss during

treatment (Figure 44).

EXAMPLE 65. Preparation of EGFR-targeted liposomal vineristine and
antitumor efficacy of non-targeted and EGFR-targeted liposomal vincristine
against EGFR-overexpressing human brain cancer xenografts in mice.

[0278]  Vincristine-loaded liposomes (Ls-VCR) were prepared using TEA-SOS
method as in Example 64. EGFR-targeted immunoliposomal vincristine was prepared by
co-incubation of the liposomes with anti-HER2 Fab' C225Fab-PEG-DSPE conjugate as
described in Example 36. |

10279]  Male NCR nu/nu mice (5-6 week old , weighing 17-20 g) were injected
subcutaneously in the flank area with 0.15 ml of the cell growth medium containing
1x107 U87 human glioblastoma cells stably expressing epidermal growth factor receptor
(HER 1) mutant EGFRvIIL. At day {1 when the mean tumor size reached 300-400 mm’,
the mice were randomly divided into four groups of 10-12 animals/group. Treatments
with free VCR (vincristine sulfate | mg/mL in saline), Ls-VCR, or C225Fab-ILs-VCR at
i.v. dose of 1.5 mg/kg were administered on days 11, 18, and 25 post tumor inoculation.
Mice in the control group were similarly injected with an equal volume of normal saline.
The tumor sizes and mouse body weights were monitored as in Example 10. The results
are shown in Figure45. All animals treated with VCR formulations showed retardation of

tumor growth compared to control animals. There was no significant difference between




phospholipid (ugiumol) Loading efficiency (%) 150 163.6 6.6 109.0 4.8 250 25E117.0 100.5 6.8 350
347.7 20.9 99.4* 5.9 ,150 452.0 18.8 100.4 4.2 550 521.624.9 94.8 4.3
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the groups treated with free VCR and Ls-VCR. EGFR-targeted C225Fab-1Ls-VCR was

more efficacious than free or non-targeted liposomal VCR.

EXAMPLE 66. Preparation of liposomes with enirapped triethylammonium
inositol hexaphosphate (TEA-IHP) solution.

[0280] A polyanionized polyol, inositol hexaphosphate (IHP) dodecasodium salt, was
obtained from Sigma (St.Louis, MO). Aqueous solution containing 0.65 M
triethylammonium and 0.681 M of phosphate groups, pH 6.5, and osmolality of 718
mmol/kg, was prepared by ion-exchange on the Dowex 50Wx8-200 cross-linked
‘sulfonated polystyrene resin followed by titration with neat TEA and dilution with water
according to the procedure of Example 4. The residual sodium content was less than 1%
of the sum of cations. Dry lipids (150 umol DSPC, 100 pmol Chol, 0.75 umol PEG-
DSPE) were dissolved in 0.5 ml of 100% ethanol USP at 60 °C and mixed with 4.5 mi of
triethylammonium inositol hexaphosphate solution pre-heated to the same temperature.
The ethanol was partially removed by rotary evaporation at 30-40 mm Hg and 40-45°C
until the mixture showed no bubbling. The lipid suspension was then extruded at 60-65
°C 15 times through two stacked 0.1 pm pore size polycarbonate membranes. The
resulting liposomes were 104.3  39.0 nm in size by QELS. The unencapsulated
triethylammonium [HP was removed by gel chromatography on a Sepharose 4B column,
eluted with 5 mM HEPES-Na, 5% dextrose, pH 6.5 buffer, and the liposomes were
quantified by phospholipid concentration using Bartlett’s method with extraction

according to Example 70.

EXAMPLE 67. Loading of drugs into liposomes with entrapped TEA-THP
solution.

[0281]  The liposomes of Example 67 were loaded with CPT11 or vinorelbine
Vinorelbine was loaded at a drug-to-phospholipid ratio of 175 or 350 g/mol, and CPT11
at a ratio of 250 or 500 g/mol. The drugs were added to the liposomes in the HEPES-
dextrose buffer (Example 67) at the input drug/phospholipid ratios, indicated below (see
Table 36). If necessary, the pH was adjusted to 6.5-6.8 using | N NaOH. The mixtures
were incubated at 60 °C for 30 min, cooled down on ice for 15 min, and
chromatographed on a Sephadex G-25 gel filtration column, eluted with 5 mM HEPES-
Na, 145 mM NaCl, pH 6.5. Aliquots of the purified liposomes were solubilized in
acidified methanol and analyzed by spectrophotometry (Example 71). Phospholipid was




EXAMPLE 61. Preparing irnmunoliposomal vincristinc and cytotoxicity of liposomal and
immunoliposornal vincristine against cancer cells in vitro. 102741Liposomal vincristine (Ls-VCR) was
prepared as described in Example 59 using the drug/phospholipid ratio of 350 mg/mmol.
HER2-spccific F5-imrnunoliposomal vincristine (F5-ILs-VCR) was prepared from the liposomal
vincristine by co-incubation with anti-HER2 scFv E5-PEG-DSPE conjugate as described in Example
19. "Free" vincristine (VCR) solution was prepared by dilution of vincristine sulfate LISP in water,
followed by sterile filtration. Cytotoxicity of VCR, |s-VCR, and F5-ILs-VCR against
HER2-overexpressing human breast carcinoma cells SKBr-3 (ATCC) was determined by MTT-based
cell viability assay using the procedure of Example 27, wherein the cells were inoculated into 96-well
microtiter platesqainbA0 calshablid acalimated vyennight.ane Beubpitedwiththeudsug-containing
media for 4 houys, fallewed RLRGSLNENRANON IR A iieRe medlmor Bays, g esults are
shown on Figure 40, The I1C50 was 75 nglinl for free VCR, 11 ng/rnl for F5-11s-VCR, and 3 ugitinl for
Ls-VCR. The tal’éeted liposomal vincristine prepared according to the invention was 6.8 times more
active than the free drug, and 273 times more active than non-targeted liposomal drug, showing
substantial enhérﬁl%@rﬁse%f%e’éﬁfi%?ﬁé? lopdrdity abrqsRimetE SPEBRSSIRSIR drug delivery. EXAMPLE
62 Blood pharmaseptinetics of Ls-VCR in rats. 102751Liposomes with entrapped SOS-TEA solution
(0.65 N4 TEA, ptt 5.8, osmofg ' A ‘i motfkg), and .-t sitgjeje d 0 DSPC/ChnifPEG=DSPE
(molar ratio 3:2:0:0%15), also coRtainirg [3117- A8 TCHimmt phospholipid “were prépared by
110 the method of Example 19 wdipgp@kimibn s pdhioprtisiges through two stacked
polycarbonate Mgmhrgnes with the ppre size of 80 nm ofL00,nyy. The Tiposomes, wereJoaded with
VCR at pi | 6.5, drug/phospholipicl ratio of 350 rrigimmol, as described in Example 59, The .
VCR-loaded lipo§opidaigere administéfed iv. to female afBine tats (180-220 g) E& ddsk of 5 mg
VCR/kg, and the-plopd phannacokinctigs of the drug anddhe lippsome lipid was giydied as described
in Example 9. The amount of VCR in the blood samples was quantified by HPLC as described in
Example 41, exé&ptthat the volume o of aqueous triethylamionium acetate {pAi's°5) and
acetonitrile in the mobile phase was 65:35. The typical retention time for VCR was 8.8 min. The results
are shown in Figure 41 and Table 34. Both preparations had extensive circulation longevity (blood
half-lives of 12-17 hourSy*VipbESfhainsmiattinuititaef ferharkipsiyethbieiabahEtcdrug leakage in both
preparations (half-reldd$ETFRa SVaF 4 B HEFf [Rigure 42). Table 34. Characteristics of liposomes

loaded with vincyistine at:380vnghomol PhespholiRicldSiNghI&EASASBAthOUormation
ExtrusionLiposomeDrug load,twp lipid,tu2p VCRti.  size size

rimmghnntolhoutros OSBf‘gré %5«35%?%5%Fa55 rﬁ@énr? W§I§3ﬁ(¥§)§8ﬁ%§§ 330?8%%2%0‘%&%.7. 20.9317.5
1.516.0 2.0>126°1002 584302086828 P8 fFomontornanydy ol et etabie- EAMPLE 63. Blood
pharmacokineti@mrlum\iﬁﬂmﬁemﬁsm \Eaﬁi@;hJStdé_ug“/elqt)'td ma:bka&aﬁ(}m?ﬁﬂdﬁpp"samﬁs W?t_h entrapped
SOS-TEA solutign, (8. TFfd  PELR- 4 O3MOIAIIEY APP. nunQlfkg)..and lipid compgsition of
DSPC/CholIPEG-DSPE (molar ratio 3:2:0.015) also containing1,314]-CHE at 1.5 mCihmuol
phospholipid wePEBrEhErba BiPEAe MRIRSPBIEEMFIE T JdmEBRiridoR @RIEDf 10 passages
through two stackedypolycaryonate wrermrands ith The poté-sizerof b0/ i or®0kgim. The liposomes

were loaded with, W GRsabRbh Sie:as geseribeminbxamplechBdvr adding.a-steck 28 mgda-IL aqueous

VCR sulfate solution at thed cca(!c%lated gru /!l(p{g [laltios(,3 ot}‘u %9)9 %C%p or %%%”QQ"Q&Q% dphospholipid. The
efficiency of drug TOAUIRG WaS Overdess Tof all prépArations. e%&-?qﬁdecf lipoSomes were
administered i.v {@¥emaldvatpipesiais (8- Ghgbrkaids Y90 920y dtadesecdb Mg VCRIikg, and the

blood phamlacokipetics.ef th@ed at approximately 500 mg of CPT-11 base/mmol liposome
phospholipid by incubation in an aqueous 5 mM HEPES-Na, 5% dextrose, pH 6.5, at 60

°C for 30 min., foliowed by quenching on ice for 15 min. The CPT-11-loaded liposomes
were then purified on a Sephadex G-75 column eluted with HEPES buffered saline (5
mM HEPES, 145 mM NaCl, pH 6.5). The resulting CPT-11 liposomes had 536.5 %
20.tmg CPT-11/mmol of phospholipid. Free CPT-11 solution was prepared by freshly
dissolving Irinotecan Hydrochloride USP at | mg/mi in 144 mM aqueous NaCl, acidified




drug and the Liposome lipid was studied as described in Example 62. The results are - shown in Table
35. Liposome' vincristine had good circulation longevity (blood half-life of the drug about 20-30 hours)
and was exceptionally stable at all studied sizes and drugto-lipid ratios (half-life of drug release over
93 hours). Table 35. Characteristics of liposomcs loaded with vincristine using TEA-SOS method at
various drugllipid ratios. Extrusion LiposomeVCR, mg/mmolhi) lipid,tin VCR,tin drug pore size,size,
nmphospholipidhourshoursrelease, TIM(mean 1 SD) added encapsulatedhours 50 76.8 27.2 100 96.1
1:3.035.6 2.7 30.3 4.0227 96 200 193.33,920.8 2.2
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to pH 3 with diluted HCL Ten-pl aliquots of free or liposomal CPT-11 or free CPT-11
were mixed with 90 pl of heparin-stabilized mouse plasma (Harlan Bioproducts, USA)
and incubated at 37 °C in a shaking water bath. Ata given time point liposome samples,
in triplicate, were chromatographed on Sepharose CL-4B size exclusion columns (2 ml
bed volume} eluted with HBS-6.5, and the drug-containing fractions were detected by
fluorescence. The first (void volume) and second (trailing) drug-containing peaks were
collected and considered as the liposomally encapsulated and released drug fréctions. The
samples were extracted with 400 ul of ice-cold methanol by vortexing for 10 s followed
by centrifugation at 14,100xg for 5 min. The supernatants were analyzed for CPT-11
and its conversion products by HPLC using modification of a method by Warner and
Burke, J Chromatogr., Ser. B Biomed. Sci. Appl. 1997, vol. 691, p.161-71. The mobile
phase consisted of 3% triethylammonium acetate pH 5.5 {solution A) and acetonitrile
(solution B) delivered at 1.0 ml/min in a linear gradient of 20 vol%B to 50 vol.%B in 14
min. The eluted products were detected by fluorescence with an excitation at 375 nm and
emission at 500 nm. The retention times were 5.3 min (CPT-11 carboxylate), 6.8 min
(SN-38 carboxylate), 9.3 min (CPT-11) and 11.0 min (SN-38). The results (Table 37)
indicated that while free CPT-11 and CPT-11 released from the liposomes underwent

conversion, intraliposomal CPT-11 was quite stable.

Table 37. Conversion of free and liposomal CPT-11 into SN-38 and carboxylate forms n

mouse plasma in vitro.

Sample Time, hours CPT-11,% SN-38, %
lactone carboxylate  lactone carboxylate
Free CPT-11 2 1.9£04 35.2+ 1.9 4.4+ 0.1 58.4%x 2.1
12 <0.1 11.5+ 0.9 9.9:+08 78.6% 1.3
24 <0.1 <0.1 22.5+£98 77.5+98
Ls-CPT-11 12 97.7 0.1 <0.1 23+0.1 <0.1
(encapsulated) 24 97.7+0.1 <0.1 23401 <0.1
Ls-CPT-11 12 60.5+104  250+7.1 50£03 95+3.0

(released) 24 78.3 £6.7 14.04£5.2 6.5+0.5 1.2+£1.7




18.4 0.7 244 130 350 375.2[0.024.8 0.919.610.993.2 6.7 80 101.6 1 25.3 100 104,52.1 33.07.6
26.8 4.8 1531 10 EXAMPLE 64. Preparation of HER2-targeted liposomal vincristine and antitumor
efficacy of non-targeted and HER2-targeted liposomal vincristine against HER2-overcxpressing human
breast cancer xenografts in mice. 116

EXAMPLE 69. In vivo chemical stability of free or liposomal CPT-11 in rats.

[0283]  Liposomal CPT-11 was prepared as in Example 6§ using triethylammonium
sucroseoctasulfate having 0.65 M TEA, pH 6.4, and osmolality 502 mmol/kg. The
liposome size was 98.5 = 18.4 nm, and CPT-11 encapsulation was 510.1 = 16.5 mg CPT-
11/mmol phospholipid. The liposomal and free CPT-11 was administered intravenously
at the dose of 25 mg/kg into female Albino rats (180-220 g) with indwelling central
venous catheters, and the blood samples were withdrawn at intervals over the period of 48
hours. The blood samples were mixed with ice-cold PBS containing 0.04% EDTA and
quickly centrifuged to remove blood cells. Aliquots of the supernatant fluids were
assayed for CPT-11, SN-38, and their carboxylate forms by HPLC as in Example 68
above. The results are shown in Figures 46 and 47. Whereas the free CPT-11 was
cleared very rapidly, being undetectable after 30 min, the liposomal CPT-11 was
persistent in the circulation (t;, 15.2 hours) with 37.8 % of the drug in the blood at 24 h,
and approximately 10 % of the drug still in the circulation after 48 h. There was no
detectable conversion of the liposomal form of CPT-11 to either SN-38 or the carboxylate
form of CPT-11. Free CPT-11, i.e. administered as a solution, cleared from the
circulation quite fast (half-life of about 16 min), and there was appreciable conversion to

the carboxylate form of the drug.

EXAMPLE 70. Quantification of the liposome phospholipid.

[0284]  Modified acid digestion - blue phosphomolybdate method I. This method is
‘modified after Bartlett (1959). 10-20 ml aliquots of liposomes are placed into heat-
resistant glass tubes, digested by heating with 0.5 ml of 10 N sulfuric acid for 2 hours at
110-130°C, mineralized by addition of 50 m! of 9% hydrogen peroxide, and heated for
additional 30 min. until no hydrogen peroxide is detected by an indicator paper strip. The
digested samples at ambient temperature are diluted with 1 mi of 0.2% aqueous
ammonium molydbate, mixed with 0.1 ml of 5% aqueous ascorbic acid, and incubated on
a boiling water bath for 10 min. The absorbance of reduced phosphomolybdate complex
1s measured at 800 nm and compared to a standard curve concurrently produced using

inorganic phosphate standard solutions.

[0285]  Modified acid digestion - blue phosphomolyvbdate method II. This method is a

modification of the method by Morrison (1964). 5 pl aliquots of liposomes having 1-10




10277]Vineristineloaded liposomes (Ls-VCR-SOS) using TEA-SOS method were prepared according
to Example 63 (with omission of [3:bl]-CHE component) using 50 urn pore size membrane extrusion
and drug loading at drug/phospholipid ratio of 100 mg/minor. F5 immunoliposomal vincristine
(F5-ILs-VCR) was formed by incubating LsVCR-S@$ with anti-HER2 sch: F5-PEG-DSRE conjugate
(Example 19) as described in Example 43. Vincristine-loaded Liposomes using TEA-citrate
(Ls-VCR-Cit) were prepared similarly to Ls-VCR-SOS liposomes, except that triethylammonium citrate
solution (prepared gtitrating agueous citric acid with neat triethylamine to pH 5.1 and adjusting the

concentration t&d 6B NPHSII TR mEd aE k(B stwteerrsntr el SORESHLMIHEH 8RR ENt study
design followed,the.metpad.qliExampledt.subcutaneous,xenearall fmese0LBldt740hgman breast

carcinoma were raised in nude mice, and when the tumors reached the size oof 250 min3
(range144-309 HiMRrEHHIER Wthe GroapLeitbrghr ineisgare fid Aiebavii radereRSQENICR, or

F5-1Ls-VCR atsaiyyeekimibvuteose Phaimg ViR Banala tatal afdhigB.weasks, stading.at day 19 post
tumor inoculation. The tumor sizes and animal body weights were monitored as described in Example

10. For the 113°EH5HAVGrad0 Hhide théraspus taamort e ae airh d b efi i PBSEHferences in

tumor sizes betyieanitheideatmentgro B Wensl statisticalbs Rasess 86 mh gy e3xpestiuNehioculation
using Mann-Whitney test. Th,eki?{/na,mjg§~I of average tumor size in the %roups is shown in Figure

43.F:5-Ms-VCR HBRIGHEH StGHH ST GBI WRER U8peth i BIRRT 16 U ER B free VCR,
causing at day pRosgimpleiigh tam oo redee ssipnsitisiX 0 ¥R feighaanintal 1A %mbE-VIGR-Cit was also
effective, causing complete tumor regressions still observed at day 63 in two out of nine animals
(2%, however i |Gt SRR e PR VR st e e i P R were
equally effectivesipz8i@)dantisidsseffetie thanteithend B MM \PCRsorinsiigRe@it fHeashaearprisingly,
with cell-targeted delivery, a liposomal drug encapsulated using a polyvalent anion of the present
Invention proveg)ﬁrg@'[e eﬁ!&?&é%z? 11}%9?95@[@9 ﬂ!Péﬂ?cR[B@'Bf ﬁﬁ&%&ﬂ%@@%@dﬂ&ﬁ?m%m‘o”-
Animal body weight dynamics showed that all liposomal VCR preparations were less toxic than free

VCR, causing 1858 Bbeiyrinaight tessBaaqlipl) reiatmenie (g (Ve 22)V EXpM P hE B8 Psdhasatisns of
EGFR-targeted Jipgsamah Wiehsting andpastitunonetiicacyefon-targeted and & GER1argeted

liposoinal vincristine against EGFR-overexpressing human brain cancer xenografts in mice.
102781VincristifféifHatas isasamés (O veiyiorsrd Hiepureer asiAye AR %4diit? Example

64. EGFR-targategdmmpsolipesamal vincristine was prepared by co-incubation of the liposomes with
anti-HER2 Fab' C225Eab-PEG-DSPE conjugate as described in Example 36. [02791Male NCR nu/nu

mice (5-6 week r@%’ﬁeig@H%s%?ﬁ%%%%&"é‘?}%%%&?%%@ %%él?gfﬁ‘éﬁ”&%@% g lpnkaregwith 0.15 mi of

the cell growth medium containing Ix 10 U8/ human glioblastoma cells stably expressing epidermal
growth factor retepted(HIRRA) tmrltagie BEBFRAIL. At day 11 when the mean tumor size reached
300-400 imr13, the mice were randomly divided into four groups of 10-12 animals/group. Treatments

with free VCR (vincristineasutfate ¥ mg/mh difi caliieps dsodCm, e Gg@dhab:-1Ls-VCR at i.v. dose of 1.5
mg/kg were administered on days 11, 18, and 25 post tumor inoculation. Mice in the control group
were similarly idjg&&d witheanedusat vehine of ifomial. salimee T héliprmonsiZé§-atid inoe se ody
weights were mgonjtare in Example 10. The results ar h% } tg .IAI @q' als treated with
VCR formulatior\?,sﬂ }éﬁéi\}(\?é%%rget)a\?%}at{%%&g%%?ﬁ%lp 6?%% ﬂ%ﬁn%%r dafg} cirit#ﬁ %%m%ﬁs. l'-lrl'%ere was no
significant differérresbbetovesainst I8 thenlyroopietre ateasunithafrtes ORvargiv aya)JOBhEGFR-targeted

C225Fab-ILs-VER was ok SHicactons than tﬁﬁﬁ&m%ﬂ%ﬂ?%@ﬁmf@%\éﬁ&iﬁc%é}MEé-E 66.
Preparation of liposomes with entrapped triethylammonium inositol hexaphosphate (STEA-DfP)
solution. 270 nm; vincristine and vinblastine, 265 nm. The amount of drug is determined by

comparison to a concurrently run standard curve.

[0289]  Fluorometric quantification. Aliquots of liposome-containing samples (e.g.,
blood plasma) are diluted with acidified isopropanol (0.02-0.1 ml aliquots: 1 mL of 70%
isopropanol-0.075 N HCI; >0.1 ml aliquots: 90% isopropanol-0.1 N HCl to | mL). If
protein precipitation occurs, the samples are incubated on ice -2 hours and clarified by
centrifugation 10 min at 12,100xg. The fluorescence of the supernatants is measured at

the following wavelengths: CPT-11, excitation 370 nm, emission 423-425 nm;




LO2801A polyanionized polyol, inositol hexaphosphatc (IHP) dodecasodium salt, was obtained from
Sigma (St.Louis, MO). Aqueous solution containing 0.65 M triethylammonium and 0.681 M of
phosphate groups, pH 6.5, and osmolality of 718 ramol/kg, was prepared by ion-exchange on the
Dowex 50%8-200 cross-linked sulfonated polystyrene resin followed by titration with neat TEA and
dilution with water according to the procedure of Example 4. The residual sodium content was less
than 1% of the sum of cations. Dry lipids (150 !Imo' DSPC, 100 pmol Chol, 0.75 pmol PEGDSPE) were
dissolved in 0.5 ml of 100% ethanol LISP at 60C and mixed with 4.5 ml of triethylammonium inositol
hexaphosphate solution pre-heated to the saméfemperature. The ethanol was partially removed by
rotary evaporation at 30-40 mm Hg and 40-45C until the mixture showed no bubbling. The lipid
suspension was then extruded at 60-65 C 15 times through two stacked 0.1 um pore size
polycarbonate mEBFEHe: C”far‘\@“régé)u?ﬁﬁ&‘]?rﬁé‘%%%éz\%r HAPEEE S TGy QELS. The
unencapsulated triethytaimimdninumbh Pt pfds eemoveddd yige Fernisndiographdadn a Sepharose 4B
column, eluted withv& i SiERESNahbfaaaxtieseneH 6.5 buffer, and the liposomes were quantified
by phospholipid concentration using Bartlett's method with extraction according to Example 70.
EXAMPLE 67. Loadin@xhBiRigs intafleqoshraasywith aniiappaidsfdaRdiey solitioabibkd2811The
liposomes of Examplei6® resemeaded with CPTII or vinorelbine Vinorelbine was loaded at a
drug-to-phospho atl of 175 or 350 g/ CP11.1a tio or, 200 gimol. The drugs
were added to thllltgal%oso?ﬁé)éomeshcomposlg%swggextr%@eﬁﬁlaf o E)ﬁi’gmatemlq 322%1t e f?}lout drugiphospholipid
ratios, indicated BEIRRNSERFSSIeeRE) ¥ nEEkSHR); dﬁﬁgaﬁlz—f HdiGded6 85988 using 1 N MOH.
The mixtures wererincubafedsat 0@ Aer30smin soonoled downlandieé ot TEAMUE, and chromatographed
on a Sephadex GoRagelditralianicabdmpg alutasbwith brsnivpiR EP &SN, rkdi ik NaCl, pH 6.5.

Aliquors of the pyyifigd ipgeamesnets sbilied inasidiled mefanaland,analyzed by
spectrophotometry (Example 71). holipid was 114 guantified b"iy the method of Bartlett (1959)

with extraction (E&WB‘?@’%T gﬁ?ﬁ %frf? §’1‘%§3&’8’(}aw&‘ﬁﬁf§tﬂ?éwr(f'écap A&tidaify 100%) into the
Eposomes, as shiowriibeloweinaiagiel S&Piie B6. PreperticscoburegSidadenimy liposomes with

entrapped inositabhexaphesphate £xRpug lnput-dideyliRidpeasias g/melqriosphelipid Encapsulated
drug/lipid ratio, QUR%PQ@%RQQHMSEQ%BHQ%ﬁl&ﬁe%&’mg{%tyd@&r @@ﬂgdicated that while

anionic PEG derivative, PEG-DSPE, at the amount of more than 1 mole % of the

liposome phospholipid (0.3 mole % of the total lipid), had negative effect on the drug

loading efficiency, the neutral derivative, PEG-DSG, surprisingly, did not affect the

loading efficiency even at 9.1 m

lipid).

le % of the liposome phospholipid (5.7 mole % of total

Table 38. Properties of vinorelbine liposomes prepared by TEA-SOS method at various

amounts of PEG-lipid derivatives.

PEG-lipid PEG-lipid Liposome size, Drug load, Loading
amount, mol. %  nm (mean SD) mg/mmol efficiency, %
of total lipid phospholipid encapsulation

PEG-DSPE 03 108+ 32 35954178 102.7+£52

PEG-DSPE 0.6 110+ 18 346.6 & 145 99.0 & 4.1

PEG-DSPE 1.8 104 % 35 332.0+14.0 94.9+£38

PEG-DSPE 2.9 94 2 33 259.84£9.5 74220

PEG-DSPE 4.0 100+ 36 155.4£7.0 44.4+£0.9

PEG-DSPE 5.7 103 = 31 612452 17.5£0.3

PEG-DSG 5.7 97 £ 36 362.7+ 14.2 103.6 4.2




175 175.31 8.0 100.2 :la- 4.5 Vinorelbine 350 352.3 11.8 100.6 - 3.3 CPT-11 250 265.1 11.2 106.1 d:
4.7 CPT-11500518.7 27.8 103.7 5.8 EXAMPLE 68. Chemical stability of free or liposomal CPT-11
in the presence of mouse plasma in vitro. 102821In the body, CPT-11, which is a pro-drag, unciergoes
chemical transformation 119

EXAMPLE 73. Effect of intraliposomal drug-trapping agent on the blood
longevity of CPT-11 in mice.

[0291] Liposomes with entrapped 0.65 N solutions of triethylammonium (TEA) or
triethanolammonium (TEOA) salts of inositol hexaphosphate (IHP, phytic acid) or
sucrose octasulfate were prepared and loaded with CPT-11 at 500 g/mol phospholipid
following general procedure of Example 66. The liosomes were administered
intravenously to Swiss-Webster mice in the dose of 5 mg CPT-11/kg body weight.
Twenty four hours later, the mice were anesthetized, and exsanguinated via open heart
puncture. The blood was collected, analysed for CPT-11 content in the blood plasma by
HPLC as descrnibed in Exampe 68, and the drug amount was expressed as % of injected
dose remaining in the blood (%ID). TEOA-IHP was less effective in improving the blood
longevity of the drug than TEA-IHP, TEOA-SOAS, and TEA-SOS (Table 39).

Table 39. CPT-11 remanence in the blood 24 hours following intravenous administration

of CPT-11 liposomes in mice.

Intraliposomal drug-trapping agent %ID remaining in the blood
TEOA-IHP 2.74+£0.54

TEA-IHP 5.86£0.20

TEOA-S0S 7.03£0.17

TEA-SOS 11.32+£0.46

EXAMPLE 74. Drug loading into liposomes containing 1.05 N
diethylammonium sucrose octasulfate

[0292] Aqueous solution of 1.05 N diethylammonium sucrose octasulfate (DEA-SOS) pH
6.0, osmolarity 727 mmol/kg, was prepared using ion-exchange/titration method of
Example 6 using neat diethylamine (99.5% purity). The lipid matrix of 3 molar parts
DSPC, 2 molar parts Cholesterol, and 0.015 molar parts PEG2000-DSPE, was formulated
into liposomes (volume-weighted average size 92.4 nm) in the presence of DEA-SOS
solution, and CPT-11 was loaded in the liposomes as various drug/lipid input ratios using
the method of Example 1 1. Non-encapsulated drug was removed by gel-chromatography,

and the amount of encapsulated drug per unit lipid (drug/lipid output ratio) was




to form an active drug metabolite known as SN-38. Both SN-38 and OPT-II are also converted from
their active lactone forms into an inactive products known as a SN-38 or CPT-11 carboxylates. In this
Example the effect of liposomalization of OPT-11 in accordance with the present invention on the
CPT-11 chemical conversion into these products in the presence of blood plasma was studied.
Liposomes with entrapped triethylammonium sucroseoctasulfate (0.65 M TEA, pH 6.4, osmolality 485
rnmol/kg) and lipid composition of DSPC, Cholesterol, and PEG-DSPE in a molar ratio of 3:2:0.015
were prepared according to Example 11, using extrusion ten times through two stacked 0.08 gm
polycarbonate filters. The liposomes were 87.4 19.2 nm in size by QELS. CPT-1 | was loaded at
approximately 500 mg of CPT- | | baseimmol lip®some phospholipid by incubation in an agueous 5
mM HEPES-Na, 5% dextrose, p11 6.5, at 60 C for 30 min., followed by quenching on ice for 15 min.
The CPT- | 1-loaded |IQ omes weret en purified on a Se hadfe 0-75 column eluted with HEPES
buffered sallne%jl Ha E’CE‘@“ 1943 (il ﬁéé?vaﬁﬁ?léu%te%fp /r"esﬁqm ROEPTRY T58somes had 536.5
20. Img CPT-1 Fﬁﬁmelt@frphfdswhdlhgltﬁ@me@@mm §@M@1W&§3M@9aﬁé’d\@§'lﬂ%3hly dissolving
ninotecan Hydreghigridads5R bl maimd; ihi44 oM ;ﬁx@lk{%@lﬂﬁd\{a@ﬂi acidifieelgldBito pH 3 with
diluted Hel. Teq gtlﬁll uots ofﬁcg orI iposomat ¢ PT %J 0 1ct weroe L ed with 90 pl of
heparin- _stabilize ouse ﬁ%r |dpro dcts, " Z% InCu afgcflat |n a shaking water
bath. At a glveWﬁ?ﬁ@?}mﬁ’@ hﬁiﬁé@ﬁfé%ﬁ?ﬁﬁfé@?ﬂ@%@ﬁ@ﬁf@f %é@@ﬁ%@ﬁ?&t@@%‘ﬁﬁéd on Sepharose
CL-4B size eXCBﬁS@mﬁﬁlﬂﬂm&@gﬂﬂh&ﬂaM@%ﬁﬁ) @htganwithibtBone fy medrﬂgendmgr&ontaining
fractions were %ege é‘ %qge(?s%en?gntThe gllrvso L(mom}r;{Ig)Iyor;gl%)ata dlgel;:mcg H ahlln drug-containing
peaks were collecte and con5| ereo'f1 as the i posoma ncapsu llated and release rug fractions.
The samples were e 400 f ice-a t ‘9‘%]1 rtexm for 10s followed by
centrifugation at 14,1 Xéré r‘?‘ QFhe sd;lne’rna %@F\?\pegrg & analyzed tor éf’qfl}ﬁ "AMd its conversion
products by HPL@%PW&%ﬂcatlon of a method by Warner and Burke, J Chromatogr., Ser. B
Blamed. Sci. A val. 691 161-71. T e Obll hase sted f3% iethylammonium
acetate pH 5.5 S0 %IL%] oS d ace ‘B/ ohitr |Ié1 o{1 dm ' defivar e§ at?T Uon eiIi[w]

mininal né(ar radient of
20 vol%B to 50 y94.9%013 in 14 mild The elyted @r@gig%cts were detectwlgt;yg,fbjorescence with an
excitation at 37§ and emission at 500 nm. TtaeO 2elention times w re § %gmn (CPT-11 carboxylate),
6.8 min (SN-38 carboxylate) 9.3 min (CPT ﬁ)‘an 1,0 min (SN- 3%§ The Tesults (Table 37) indicated
that while free GBT-1 | and CPT-11 release¥rofPtRe liposomes uriderweérit conversion, intraliposomal
CPT-1 | was quitesstable. Table 37. Conversion ebfree and liposomgd £P7 11 into SN-38 and
carboxylate forms in mouse plasma in V|trp7(§ %@&Tlme hours CPT;}Z% SN-38, % iactone

carboxylate tactone
1.685+0.103 69.6 +4.3

[6293]  Unless indicated otherwise, the analytical data are presented as the mean %
standard error of triplicate runs. The rat plasma pharmacokinetic data are the mean =

standard error of duplicate runs.

[0294]  Although the invention has been described with reference to the presently
preferred embodiment, it should be understood that various modifications can be made
without departing from the spint of the invention. Accordingly, the scope of the invention
should be determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled. The disclosures of all cited articles and
references, including patent applications and publications, are incorporated herein by

reference for all purposes.




carboxyl ate Free CPT-112 12 241.9* 0.4 <0.1 <0.1 35.2+ 11.5+1,90.94.4+ 0.1 9.9 --la 0.8 22.5 9.8
58.4+ 2.1 78.6* 1.3 77.5 9.8 Ls-CPT-I1 (encapsulated) 12 24

121

What is claimed is:

B A composition comprising a liposome in a medium, said liposome having
an interior space separated from the medium by a membrane comprising
one or more lipids, wherein the interior space of said liposome contains a

substituted ammonium having a formula

R (Ro-)N"(-R3)-Ry

wherein N is an ammonium nitrogen atom, each of Ry, R, R3, R4 1s
independently a hydrogen atom or an organic group having each
independently not more than 8 carbon atoms, and in totality not more than
18 carbon atoms inclusive, wherein at least one of Ry, Ry, R, R4 is an

organic group;

wherein the organic group is independently alkyl, alkylidene, heterocyclic
alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted
derivative thereof, optionally including a S, O, or N atoms forming an

ether, ester, thicether, amine, or amide bond; and
wherein at least three of Ry, R, Ra, Ry are the organic groups; or at least
one of the organic groups has a secondary or tertiary carbon atom directly

linked to the ammonium nitrogen atom; and

wherein said interior space also comprises an anion.

R

The composition of Claim | wherein the organic groups independently

each have not more than 6 carbon atoms.

L2

The composition of Claim 1 wherein the organic groups have in totality

not more than 16 carbon atoms.




97.7 0.197.7+0.1<0.1<0.1 2.3 0.12.3+0.1<0.1<0.1Ls-CPT-11 (released) 12 24 60.5 10.4 78.3
6.7 25.07.114.0 5.25.00.36.510.5
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4. The composition of Claim | wherein the organic groups have in totality

not more than 12 carbon atoms.

5. The composition of Claim | wherein said substituted ammonium forms

a true solution in water.

6. The composition of Claim 1 wherein substantially all said substituted

ammonium is contained within said interior space of the liposome.

7. The composition of Claim | wherein said substituted ammonium is

pharmaceutically inert.

8. The composition of Claim 1 wherein said substituted ammonium is
selected from the group consisting of isopropylethylammonium,
isopropylmethylammonium, diisopropylammonium, tert-
butylethylammonium, dicychohexylammonium, morpholinium,
pyridinium, piperidinium, pyrrolidinium, piperazinium, fert-
butylammonium, 2-ammonio-2-methylpropanol-1, 2-ammonio-2-
methyl-propandiol-1,3, tris-(hydroxyethyl)-ammoniomethane, N,N'-
diethyl-ethanolammonium, N,N',N"-tris-(2-hydroxyethyl)ammonium,
N, N'-bis-(2-hydroxyethyl)ethylammonium, trimethylammonium,
triethylammonium, diethylmethylammonium,
diisopropylethylammonium, triisopropylammonium, N-
methylmorpholinium, 1-(2-hydroxyethyl)piperidinium, 1-
methylpyrrolidinium, 1, 4-dimethylpiperazinium,

tetramethylammonium, tetraethylammonium, and tetrabutylammonium

9. The composition of Claim | wherein the concentration of the substituted
ammonium in the interior space of the liposome is higher than the
concentration of the substituted ammonium in the liposome-containing

medium.




9.53.01,2 1.7 116 EXAMPLE 69, In vivo bhernical stability of free or liposomall CPT-11 in rats.
102831Liposomal CPT-1 | was prepared as in Example 68 using triethylammon um sucroseoctasulfate
having. 0.65 M TEA, pH 6.4, and osmolality 502 mmolikg. The liposome size was 98.5 18.4 nm, and
CPT-11 encapsulation was 510.1 16.5 mg CPT-1li;jmmol phospholipid. The liposomal and free CPT-1
| was administered intravenously at the dose of 25 mg/kg into female Albino rats (180-220 g) with
indwelling central venous catheters, and the blood samples were withdrawn at intervals over the
period 0148 hours. The blood samples were mixed with ice-cold PBS contajning 0.04% EDTA and
quickly centrifuged to t&move BRSO EERS SR IStLeHR the REiEB IS PR IRNGE WP BESHYE P T-11,
SN-38, and their carboxylate fafimsobyil R Geas i Exaaele aBlaboyssut hedestiisase shown in
Figures 46 and 47. Wherea.s ree CPT-11 leared very rapidly, being undetectable after 30
mm, the liposomal CPT-! | Waébgérfi@e t%Mh%%?VrgLﬁgt%g%h&fz 5.2 hours) with 37.8 % of the drug in
the blood at 2411, and approximately 10 % of the drug still in the circulation after 48 h. There was no
detectable conversion, of the liggsomal form of CRT-11 to eith - C form of
CPT-11. Free CPT-lll,?i'.e. e el éﬁﬁﬁb’%%&%ﬁ% ?pgn'gloi%%rr%{ﬁgt?gr% %%ﬂ%ggatg%egﬂalf-life of
about 16 min), and there was appreiabiéndbpiesionsiathés eapbbyflatd form of the drug. EXAMPLE
70. Quantification of the liposome phospholipid. [0284]Modified acid digestion - blue
phosphomolybdate method I. This method is modified after Bartlett (1959). 10-20 ml aliquots of
Liposomes are placed into heatlfesrsrantiriselttilied bjesean By HealiRprWitiions 31k FON  sulfuric
acid for 2 hours at 110-130C, mitgealizerhhy adoitignphaRmk bRy diggenRRIOK M iaad heated
for additional 30 min. until no hydrogen peroxide is detected by an indicator paper strip. The digested
samples at ambient temperatuf}é é?g OO RURRA 5] 8158729 aqueous ammonium molydbate, mixed
with 0.1 ml of 5% aqueous ascorbic acid, and incubated on a boiling water bath for 10 min. The
absorbance of reducegzphospllpng%gbg%e com rIvles%%iTsarEleCz)aSsour(ggl at r%(g .am 9@%19%@1 ared to a
standard curve concurrently procfuc (fusmng n gam% p I())sp ate ' Stahdard solutions 17 mm
phospholipid are mixed with 60p:ibphcoreentratad stifuzicdicidrahd hedphob 8096 dwydrmygen peroxide

in heat-resistant glass twbes. Th miies,are heated At 20052200010 lyted with,0.7 p. of

deionized water, mixed with 10 p.1 of 10% aqueous sodium sulfite, incubated on a boiling water bath
for 5 min, and chilled down to ariieistadpdgeratihe 2200 GPoT StORefiasiEaipmsiapYviolybdate and

10 pl of 10% aqueous ascorbi%@ﬁg,g{ﬁﬁQQan@thﬁs@mpjgsl%gm%ggg A boiling water bath
for IC min. Samples are quickly chilled to ambient temggr'ature, and the absorbance, of reduced

phosphomolybdate complex is HERRRTIE aR BRI SIS BRIGR ShAmRity RE BIR GRS of
phospholipid is determined fromptherstandard curve obtained in the same run using standard solutions
having 2, 4, 6, 8, and 10 InM potassium dihydrogen phosphate. 102861Extraction method_ 25-100 pl
aliquots of liposomes are extracted 3 times with 200 pl portions of methanol-chloroform mixture (1:2 by
volume). The organic phases dreecombinecinod Geat:resisbardtglasgs ttaenanirthe selients are

removed in vacuum. The residglg%gr ~§5?§ﬁ?9n"¥1iﬁbn{81% u}léw%gaa%gta,é‘ngi r%algnq’s%?yed for

phosphorus according to the method’l above. 102871Unless tndicaté rwise, the analytical data
are presented as the mean  electrochemical potential gradient, a solubility gradient, or a gradient of

a substituted ammonium ion comprsing at least one C-N bond.

The composition of any of the Claims | to!14 wherein said anion

COMpIises

(i) a polyol moiety selected from the group consisting of a
monosaccharide, a disaccharide, a linear polyhydroxylated compound, a
cyclic polyhydroxylated compound, an aliphatic alcohol having more
than one hydroxyl group, an alicyclic alcohol having more than one
hydroxyl group, or a heterocyclic alcohol having more than one

hydroxyl group, and




standard error of triplicate runs. EXAMPLE 71. Quantification of drugs in the liposomes.
102881Spectrophotometric quantification. Aliquots of liposornes (10-50 n1) are mixed with 1 inL of 70
vol. % aqueous isopropanol containing 0.075-0.1 N HO!, and the absorbance against the blank sample
is measured at the following wavelengths: doxorupjgin, 485 nm; CPT-II and topotecan, 372 nm;
ellipticines, 306 mu, vinore.lbine, 270 nm; vincristine and -vinblastine, 265 urn. The amount of drug is
determined by comparison to a concurrently run standard curve. [0289]Fluorometric quantification.
Aliquots of liposome-containing samples (e.g., blood plasma) are diluted with acidified isopropanol
(0.02-0.1 ml aliquots: | mL o{%ﬁ:ﬁ’/ isopropanol1-0.075 N HCI; >0.1 ml aliquots: 905?0 isopropanol-0.1 N
1-101 to 1If protein precipital] ‘gﬁe&ﬁ%ﬁ P SL R Y e AL ATEUBRNRE 1 R F’g’%th%@lpariﬁed by
centrifugation 10 min at 12,00xg. The fluorescence of the supernatants is measured at the following
wavelengths: CPT-11, excitation 370 nm, emission 423-425 rim; 118 Topotecan, excitation 380-385
nm, excitation 520-525 am; ellipticincs, excitation 306 urn, emission 520 ntis, The amount of drug is
calculated from concuiently nlihstantaxtionroesaitel Suteemtion lofthmbldikiflstrestence.
EXAMPLE 72. Effect of lipopolymgrs apdths, leadingsefficlengy ol vinaielbing, g, Jrogonpes.
[0290)Liposomes composed of DSPC 200 molar parts, cholesterol 133 molar parts, and poly(ethylene
glyeol)(mol. weight 2,000)-derRétize dipids P EGDSREILT IS p A ep PEG DS & ¢2D molar
parts),and containing encapsujaiggcQ&mM kA iSSAlliRaKeTe RirRard aceréingdo the method
of Example 11, using 80 rim pore size membrane for extrusion step. The liposomes were loaded with
vinorelbine at the chugiphospHBfifsifratidnGraiss Mghfimol and purified from unencapsulated drug
according to the method of Example 40. The liposomes were assayed for drug and lipid content as
described in Example&?o, 71, and for the.li%ozogwe Si b% C%ELSigsierlg Lolumte-wei hted Gaussian
approximation. The results (Ta S%Qé?lfﬁﬂfé% &d e 1@ Ehihid P RS JeVative’ 8 SPE, at the
amount olmore than 1 mole %fofithébdipesproephiasphdlipiti (03, mbte s gifotve dotalskpid), had
negative effect on the drug loading.efficiency, the neutral derivative, PEG-D urprisingly, did not
affect the loading efficiency ev%%pdg%og.el ™o e%%?%ﬂﬁséﬁiglgs%?ﬁésﬁ%{gé%ﬁ% }Bfg%gﬂﬁ% e % of total
Table 38. Properties of vinorelbifddigcdpenbietsaret 1ol THASOISwisthetdrvaious amounts of

PEG:-lipid derivatives. PEG-lipict REGAipId amawitamgh.Yaofielal it tpqsams siagiBm (mean SD)

fructitol, glucitol, xyiitol, or inositol.

18. The composition of Claim [5 wherein said polyanion is polysulfated

sucrose having from 3 to 8 sulfate groups per molecule.

19. The composition of Claim 15 wherein said polysulfated sucrose is

sucrose octasulfate.

20. The composition of Claim 15 wherein said polyanion is inositol
hexaphosphate.
21. The composition of Claim 15 wherein the concentration of said anion in

said liposome interior is at least about 0.05, 0.1, 0.2, 0.5, 0.6, 0.7, or 1.0

gram-equivalent/L.

22. The composition of Claim 15 wherein the concentration of said anion in
said liposome interior is about 0.65 gram-equivalent/L or about 1.0

gram-equivalent/L.




Drug load, mg/mmol phospholipid Loading efficiency, % encapsulation PEG-DSPE 0.3 LO8 32 359.5 +
17.8 102.7 +- 5.2 PEG-DSPE 0.6 110 + 18 346.6 14.5 99.0 + 4.1 PEG-DSPE 1.8 10435 332.0 14.0
94.9 + 3.8.
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23. The composition of any of the Claims 1 - 22 further comprising an

entity other than said substituted ammonium and said anion.

24, The composition of Claim 23 wherein the entity is a globally cationic

entity, a therapeutic entity, or a detectable marker.

25. The composition of Claim 23 wherein said entity is present in said
interior space at a concentration which exceeds the concentration of said

entity in said medium.

26. The composition of Claim 23 wherein said medium is essentially free

from said entity.

27. The composition of Claim 23 wherein molar ratio of said entity to the
totality of said lipids is at least about 0.05, at least about 0.1, at least
about 0.2, at least about 0.3, at least about 0.5,at least about 0.7, or at

least about 1.0.

28. The composition of Claim 24 wherein said therapeutic entity is an
antimicrobial therapeutic, antiviral therapeutic, or an anti-neoplastic

therapeutic.

29. The composition of Claim 24 wherein said therapeutic entity is an

aminoglycoside antibiotic or a fluoroquinolone derivative.

30. The composition of Claim 28 wherein said therapeutic entity is selected
from a group consisting of: a topoisomerase inhibitor, a
farnesyltransferase inhibitor, a tyrosine kinase inhibitor, a cyclin-
dependent kinase inhibitor, a phosphatase inhibitor, an aurora kinase
inhibitor, a microtubule depolymerizing agent, a microtubule stabilizing
agent, an alkylating agent, an enzyme, an enzyme inhibitor, a histone

deacetylase inhibitor, an antimetabolite, a receptor-binding agent, a



PEG-DSPE 9.9 94 33259.8d:9.574.2 2.0 PEG-DSPE 4.0 100 36 155.4 + 7.0 44.4 0.9 PEG-DSPE
5.7103 3161.2+5.717.5 0.3 PEG-DSC; 5.7 97 --1-. 36
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hormone, a hormone antagonist, a nucleotide, a polynucleotide, a
derivative of any of the foregoing, a pro-drug of any of the foregoing,

and an analog of any of the foregoing.

31 The composition of Claim 28 wherein said anti-neoplastic therapeutic is
selected from a group consisting of an anthracycline compound, a
camptothecin compound, a vinca alkaloid, an ellipticine compound, a
taxane compound, a wortmannin compound, a pyrazolopyrimidine
compound, a derivative of any of the foregoing, a pro-drug of any of the

forégoing, and an analog of any of the foregoing.

32. The composition of Claim 24 wherein said therapeutic entity is selected
from a group consisting of: doxorubicin, daunorubicin, mitomycin C,
epirubicin, pirarubicin, rubidomycin, carcinomyecin, N-
acetyladriamycin, rubidazone, 5-imidodaunomycin, N-
acetyldaunomycin, daunoryline, mitoxanthrone, camptothecin, 9-
aminocamptothecin, 7-ethylcamptothecin, 10-hydroxycamptothecin, 9-
nitrocamptothecin, 10,1 {-methylenedioxycamptothecin, 9-amino-10,11-
methylenedioxycamptothecin, 9-chloro-10,11-
methylenedioxycamptothecin, irinotecan, topotecan, lurtotecan, ‘
silatecan, (7-(4-methylpiperazinomethylene)-10,1 I -ethylenedioxy-
20(S)-camptothecin, 7-(4-methylpiperazinomethylene)-10,11-
methylenedioxy-20(S)-camptothecin, 7-(2-N-isopropylamino)ethyl)-
(20S)-camptothecin, vincristine, vinblastine, vinorelbine, vinflunine,
vinpocetine, vindesine, ellipticine, 6-3-aminopropyl-ellipticine, 2-
diethylaminoethyl-ellipticinium and salts thereof, datelliptium,
retelliptine, paclitaxel, docetaxel, a derivative of any of the foregoing, a

pro-drug of any of the foregoing, and an analog of any of the foregoing..

33. The composition of Claim 24 wherein said therapeutic entity 1s selected
from a group consisting of: an antihistamine ethylenediamine derivative,
bromphenifamine, diphenhydramine, an anti-protozoal drug, quinolone,

iodoquinol, an amidine compound, pentamidine, an antihelmintic




367.7 + 14.2 103.6 4.7 119 EXAMPLE 73. Effect of intraliposomal drug-trapping agent on the blood
longevity of CPT-I | in mice. 102911 Liposomes with entrapped 0.65 N solutions of triethylammonium
(TEA) or triethanolammonium (1EOA) salts of inositol hexaphosphate (IBP, phytic acid) or sucrose
octasullate were prepared and loaded with CPT-l}zat 500 g/mol phospholipid following general
procedure of Example 66. The liosornes were admihistered intravenously to Swiss-Webster mice in
the dose of 5 mg CPT-1 1/kg body weight. Twenty four hours later, the mice were anesthetized, and
exsanguinated via open heart puncture. The blood was collected, analysed for CPT-11 content in the
blood plasma by HPLC as des¢fiBe@URIERERHY. 68 aaAcbehisteiro Aioant XeESeRHPSs$8d as % of

injected dose remaining in the hiamsheAl R FEQAIIR: wagiless aifestiveoinimereving fgplood
longevity of the drug than TEA-111P, TEOA-SOQOAS, and TEA-SOS (Table 39). Table 39. OPT-I 1
remanence in the blood 24 houFEYIERIHGHTHTRAEhR L FRTIATRtRSEn STEB R P89 mes in mice.
Intraliposomal drug-trapping agesfis%lhectaaiingds, higublond, BE@AIhledbla . Fda Pabdnt EA-IHPS.86
0.20 TWA-SOS7.03 = 0.17 TE%%\C/) 11.3%9646 EX MPLI%l 74'eP

, rug loading into lippsames containing
1.05 N diethylammoriium sucrosé octasutfate fﬁgbff nqeltjaezoues <of ngrrlf &f f&nﬁragje%%?ammonium

sucrose octasulfate (DEA-SO S}rytirémdy assendaniyey B aimymdh/ ki ivasnyrép atedtisimgcin,
ion-exchangettitration method qf Qﬁgwﬂg@ gcﬁg?égrclgﬁé?%%ggggxﬁmggzé?%ééo%%rity). The lipid matrix of

3 molar parts DSPC, 2 molar parts esteral, anc . Qa? parts P 00-DSPE, was
formulated into Liposomes (volahseonsigtheaveittipeckizecding mat)imlihensfedemcx ofiDEA-SOS

solution, and CPT-11 was loadegipfagiiPOSames As VakgbS-Arigdinid npybLationHsing the method
of Example 11. Non-encapsulated drug was removed by gel-chrbmatpgra yhy, and the amount of

encapsulated drug per unit lipicdt@FABNIPRI BUBBHTRSR Welte! frecoutdniMtaCleriéibsulation efficiency

was calculated as % of drug/lipighRuiRuirationeiaive, tRdpputdalivalheas ultksiens heywipin, Table 40.
The loading achieved its maximi?rj? level of about.1.76 mol drug per mei phosphalipid (1.67-1.70 niol

drug/g total lipid), which is in goO¥ HYPEREhT Y A SRIBIE (78 ML AR Afnoniumnnol

phospholipid) based on the diethyanmudiasjuruadatentof pbedipgsoiinesqassummingiatachinmetric
exchange of intraliposornal diet}r}l‘é}amm%nium ions for the drugbgé?lecules arf’nld estimated intraliposomal
a e

entrapped volume of approxim {/O_KLW ﬁ?SF%b%%WSHBiH?’fa Yl |n8q81m(e,1§f-l tin
DSPC/Chol/PEG-DSPE liposomeaisoontaimigignolone, ciprofloxacin, enoxacin, lomefloxacin,

nalidixic acid, norfloxacin, ofloxacin, a sulfonamide; a urinary tract
antimicrobial, nitrofurantoin, trimetoprim; a nitroimidazoles derivative,
metromdazole, a cholinergic quaternary ammonium compound,
ambethinium, neostigmine, physostigmine, an anti-Alzheimer
aminoacridine, tacrine, an anti-Parkinsonal drug, benztropine, biperiden,
procyclidine, trihexylhenidyl, an anti-muscarinic agent, atropine,
hyoscyamine, scopolamine, propantheline, an adrenergic compound,
dopamine, serotonin, albuterol, dobutamine, ephedrine, epinephrine,
norepinephrine, isoproterenol, metaproperenol, salmetrol, terbutaline, a
serotonin reuptake inhibitor, an ergotamine derivative, a myorelaxant of
a curare series, a central action myorelaxant, baclophen,

cyclobenzepine, dentrolene, nicotine, a nicotine receptor antagonist, a
beta-adrenoblocker, acebutil, amiodarone, a benzodiazepine compound,
ditiazem, an antiarrhythmic drug, diisopyramide, encaidine, a local
anesthetic compound, procaine, procainamide, lidocaine, flecaimide,
quinidine; an ACE inhibitor, captopril, enelaprilat, fosinoprol, quinapril,
ramipril; an opiate derivative, codeine, meperidine, methadone,

morphine, an antilipidemic, fluvastatin, gemfibrosil, an HMG-coA



1.05 N DEA-SOS. Drug/lipid input ratio, mol/gDrug/lipid output ratio, molig Encapsulation efficiency,
% 1.951.50 1.247 0.038 1.534 0.052 99.8 3.0 102.3if 3.51.80 1.669 0,043 99.7 + 2.4 2.06 1.690
0.054 82.0 2.6
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inhibitor, pravastatin, a hypotensive drug, clonidine, guanabenz,
prazocin, guanethidine, granadril, hydralazine, a non-coronary
vasodilator, dipyridamole, an acetylcholine esterase inhibitor,
pilocarpine, an alkaloid, physostigmine, neostigmine, a derivative of any
of the foregoing, a pro-drug of any of the foregoing, and an analog of

any of the foregoing.

34, The composition of Claim 24 wherein at Jeast 90% of said entity

remains encapsulated in the liposome after 6 months at 2 - 8 °C.

35. The composition of Claim 24 wherein at least 80% of said entity

remains encapsulated in the liposome after 2 years at 2 - § °C.

36. The composition of Claim 24 wherein said entity is encapsulated in the
liposomes of said composition at a first entity-to-lipid ratio, and wherein
24 hours following administration of said composition into the
bloodstream of a mammal, said entity remains encapsulated in said
liposomes at a second entity-to-lipid ratio wherein the second entity-to-
lipid ratio is over 50%, at least 60%, or at least 70% of the first

substance-to-lipid ratio.

37. The composition of Claim 36 wherein the entity is a vinca alkaloid, an

analog thereof, or a derivative thereof.

38. The composition of Claim 36 wherein the entity is vinorelbine.
39. The composition of Claim 36 wherein said mammal is a rat.
40. A composition comprising a liposome comprising one or more lipids

and an anti-neoplastic therapeutic entity encapsulated therein at an

entity-to lipid molar ratio of at least about 0.10,




2.201.704 0.062 77.5 2.8 2.42 1.685 0.103 69.6 4.3 [0293] Unless indicated otherwise, the
analytical data are presented as the meantk standard error of triplicate runs. The rat plasma
phannacokinetic data are the mean standard error of duplicate runs. [02941Although the invention
has been described with reference to the presently,preferred embodiment, it should be understood that
various modifications can be made without departing from the spirit of the invention. Accordingly, the
scope of the invention should be determined with reference to the appended claims, along with the full

scope of equivalents to which 3! ch clainglslare entitled. The di%glsol%qyﬁ,% 9}; all g&tq%%gtg%lte and

. . €rein said liposome. Composition f1- ; 1t '
references, including patent app ications and ptrjﬁlca?l]gns, are mcorporateoll erein by referénce for all
purposes. 121 What is claime# Isas atrptsitibiglicoihpnsheguatiipesdsiéciact visdilhs, Sdit iposome
having an interior space sepa@mggmim%g%%p%g membrane comprising one or more lipids,
wherein the interior space of said liposome contains a substituted ammonium having a formula

wherein the toxicity of said liposome composition administered to a
mammal is equal or less than the toxicity of said entity administered to

said mammal in a free non-liposomal form.

41. The composition of Claim 40 wherein the toxicity of said liposome
composition administered to a mammal is at least two times less or at
least three times less than the toxicity of said entity administered to said

mammal in a free non-liposomal form.

42, The composition of Claim 40 wherein the toxicity of said liposome
composition administered to a mammal 1s at least four times less than
the toxicity of said entity administered to said mammal in a free non-

liposomal form.
43. The composition of Claim 40 wherein the entity 1s a pro-drug.
44. The composition of Claim 40 wherein said entity is a camptothecin

topoisomerase I inhibitor, a camptothecin prodrug, an analog thereof, or

a derivative thereof.

45. The composition of Claim 44 wherein said camptothecin prodrug is
irinotecan.
46. The composition of Claim 44 wherein said entity administered into the

bloodstream of a mammal has a half-release time from said liposomes

of at least 10 hours.




R.,_(R2-)1\r(-R3)-R4 wherein N is an ammonium nitrogen atom, each of RI, 12.24 R3, R4 is
independently a hydrogen atom or an organic group having each independently not more than 8
carbon atoms, and in totality not more than 18 carbon atoms inclusive, wherein at least one of RI, R2,
R3, R4 is an organic group; wherein the organic grgyp is independently alkyl, alkylidene, heterocyclic
cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted derivative thereof, optionally including a
3, 0, or N atoms forming an ether, ester, thioether, amine, or amide bond; and wherein at least three of

RI, R2, R34, R4 are the organic groups; or at least one of the organic groups.has a secondary or
tertiary carbon atom éi?‘ectly I?rﬁggg %%ﬁ%‘%%l%%%%?ﬂ %?tl%@%ﬁl%. oh‘ﬂegtr% W nélr%lisr%%%cl? nltnotg}??or space
also comprises an anion. Theldondposition! efimimm] vk ereif-thrdeargtinie froupsdigepeneently each
have not more than 6 carbon aloms, .122,4, The composition of Claim 1 wherein the organic groups
have in totality not more than 1 car?)on atoms. 5. The composition of Claim | wherein said substituted
ammonium forms a true solution in water. 6. The composition of Claim 1 wherein substantially all said
substituted ammoniungis contajped, withimsaid inteHosRackAf he 11PoSAmR o fpHag gomposition of

Claim | wherein said substituted ammonium is pharmaceutically inert. 8. The composition of Claim 1
wherein said substituted ammeTARGE éféré&écg‘%rﬁ SR FOOR LHHER iy BRIuEpirsayetRyAnd
ammonium, isopropylmethylamynenivakdlisapeppylaminonium, butylethylammonium,
clicychohcxylammonium, morpholimum, pyridinium, piperidinium, pyrrolidinium, piperaziniurn,
tertbutylammonium, 2-ammonio-2-methylpropanol-1, 2-ammonio-2- methyl-propandiol-1,3,
tris-(hydroxyethyl)-amioniorneleanephsidietiylielhattolaraaoniitnpol yanion is sucrose

N,N',N"-tris-(2-hydroxyethyl)a@Qa%&iﬁm, N .N'-?iﬁ- 2-q§gro>i}/%t:hypethylammonium,

trimethylammonium,triethyla.mmomu?ﬁ’,chi&ﬂ? me >§/ rﬁ?ﬁoanlum, diisopropyiethylainmonium,

triisopropylarnmonium, Nmethylmorpholinium, 1-(2-hyclroxyethyppiperidini urn, 1- methylpyrrolidinium,

1, 4-dimethylpiperazinjgm, tet@gg%mg)%@mgrgymaﬁgt@qm%@m%%ﬁ%sﬁgg Ct&gg,t&gy&ammonium 9.

The composition of Claim | wherein the concentration of the substituted ammonium in the interior
space of the liposome is highertHagrthebkoprispraBisP o ther substituted ammonium in the
liposome-containing medium. 123 10.The composition of Claim 1 wherein the concentration of the

substituted o ) _ _ o
5t The composition of Claim 50 wherein the biodegradable polyanionic

polymer is polyphosphate.

52. The composition of Claim 44 wherein said liposome contains a

substituted ammonium compound having a formula
Ri.(R)N'(-Ry)-Ry

wherein N is an ammonium nitrogen atom, each of Ry, Ry, R3, Rs 1s
independently a hydrogen atom or an organic group having each
independently not more than 8 carbon atoms, and in totality not more than
18 carbon atoms inclusive, wherein at least one of Ry, Ra, R3, Ry is an

organic group;

wherein the organic group 1s independently alkyl, alkylidene, heterocyclic
alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted
derivative thereof, optionally including a S, O, or N atoms forming an

ether, ester, thioether, amine, or amide bond; and




ammonium in the interior space is at least about a concentration of 0.05 NI, 0.1 N4, 0.2 NI, 0.5 M, 0.6
M, or 0.7 M. The composition of Claim 1 wherein the concentration of the substituted ammonium in the
interior space is about 0.65 M. 12. The composition of Claim | wherein the anion is a divalent anion, a
trivalent anion, a polyvalent anion, a polymeric an'igp, a pol),Fanionized polyol, or a polyanionized
sugar. 13. A composition comprising a liposome in a medium, said liposome having an interior space
separated from the medium by a membrane comprising one or more lipids, wherein said interior space

comprises an anion selected, from the group Lansisting of axpalanionized RalyglsorPgMagionized

sugar, and wherein said liposome comprises a transmembrane gradient effective for retention of an
entity within said liposome. PASTHAMESHIABSIENT BT ECmiraesandis i sty rasmeniBidiFs Gradient is

an iomgradient, an ammoniygy in@iediaihoagradiepfs@nelgctrochemical potential gradient, a
solubility gradient, or a gradient of a substituted ammonium ion comprising at least one C-N bond.

15.The composition of any of the Claims 1 tol4 wherein said anion comprises (i) a polyol moiety
selected from the grosip. consigtirg-ehaosionostachafide Aadlisaccliaridesraitineidrtpalydaychaxylated
compound, a cyclic polyhydro&!\%ed com oundd an géigha%ic alcohol having@rgpiggéhgghgne hydroxyl

( ?Iﬁ%/ing more

) . 110r 18 %n rappe c«fn ration of at ea% a
group, an alicyclic alcohol having more than one hydroxyl' group, or a heterocyclic alcoho

than one hydroxyl group, and pk24n(il) lipkled to said polyol moiety, at least two strongly anionic
functional groups. 16. The composition of Claim 15 wherein at least one of said strongly anionic
functional groups is a sulfuric acid ester, a phosphoric acid ester, a boric acid ester, a sulfonic acid
group, a phosphonic a¢id grouphactiveakionié axie bisuplaarditiiocarbsniciasid Grourecesevative

thereof; or an analog thereof 1i7,iHg;GOmRasian,Cf Saimdanwhsirinsaidpelyeb meietyis selected
from the group consisting of arabinose, ribose, xylose, glucose, galactose, sorbose, fructose, maltose,

sucrose, lactose, trehalose, etﬁﬂéﬁ%l"grlmE‘ﬁr%@ﬂ@ﬂe@%élﬁi@ﬂ%@&éﬁoﬂ@iﬁﬁ'erythritol, pentaerythritol,
ribitol, arabitol, sorbitol, mannitol, lactitol, maltitol, fructitol, glucitol, xylitol, or inositol. 18. The

composition of Claim 15 whereip said polyanion is polysullated sucrose having from 3 to 8 sulfate
groups per molecule. 9. The ggﬁf)%‘%ﬁ’t%%%‘f ﬁ%l]gf?‘llﬁ%@fggréviaeé%msﬁ‘ |§)§%ﬁ5t98dssif8&“§ ‘is sucrose

octasul fate.
56. The composition of any of the Claims 40-55 wherein said anti-tumor
activity is determined in vivo in an HT-29 tumor model or a BT-474

tumor model.
57. The composition of Claims 46-47 wherein said mammal is a rat.

58. A composition for administering a vinca alkaloid drug, comprising
liposomes in a medium, said liposomes having an interior space and a
membrane separating said interior from said medium, said membrane
comprising one or more lipids, said liposomes comprising a vinca
alkaloid drug entrapped in the liposomes at a first drug/lipid ratio,
wherein 24 hours following administration of said composition into the
bloodstream of a mammal, the vinca alkaloid drug remains entrapped in
aid liposomes at a second drug/lipid ratio which is over about 50% of

said first drug/lipid ratio.

59. The composition of Claim 58 wherein said second drug/lipid ratio 1s at

least about 60% of said first drug/lipid ratio.




20. The composition of Claim 15 wherein said polyamon is inositol hexaphosphate. 21. The
composition of Claim 15 wherein the concentration of said anion in said liposome interior is at least
about 0.05, 0.1, 0.2, 0.5, 0.6. 0.7, or 1.0 gram-equivalent/L. 125 23. The composition of any of the
Claims 1 - 22 further comprising an entity other thap said substituted ammonium and said anion. 24.
The composition of Claim 23 wherein the entity is a globally cationic entity, a therapeutic entity, or a
detectable marker. 25. The composition of Claim 23 wherein said entity is present in said interior
space at a concentration which exceeds the caoncentration of said, entity in said medium. 26. The
composition of Claim®3 Wherérﬁ?§8}Hpr?1sé%‘?l‘]‘rﬂfi§]§§§éﬁt?ﬁh?‘ﬁ?@%ﬁéﬁ?%&S%é]{?‘.dﬁ?‘?ﬁsea&omposition
of Claim 23 wherein molar ratieasf swidtgntityfedhiefiotality/tibsaiddipids is at least about 0.05, at least
about 0.1, at least about 0.2, at least about 0.3, at least about 0.5,at least about 0.7, or at least about
1.0. 28. The composition of Claim 24 wherein said therapeutic entity is an antimicrobial therapeutic,
antiviral therapeutic, 6 an antitheoptastiit e rdpdeiticsFhe compositidriiof Gagihisid whlerein said
therapeutic entity is an aminoggyﬁ)qgigtqéglgttig.i@i%tqg&fw_grggygﬁ]&}gqﬁderivaﬂve. 30.The composition
of Claim 28 wherein said therapeutic entity is selected from a group consisting of a topoisomerase
inhibitor, a farnesyltransferase inhibitor, a tyrosine kinase inhibitor, a cyclindependent kinase inhibitor,

a phosphatase inhibitgs, an aufgialdnase taRibierl.s MickeieRweAernyMedAiRg agebt.adpcrotubule
stabilizing agent, an alkylating agent, an enzyme, an er’jr%me inhibitor, a historic deacetylase inhibitor,

an antimetabolite, a receptor-Birlainghgerdt. & neems! }f‘é,s%f‘h%‘?h@oh@ﬂﬁi%’&rﬂéﬁtéeﬁﬁcleotide, a
polynucicotide, a derivative of ajayal. thadesa@ding, a pro-drug of any of the foregoing, and an analog
of any of the foregoing. 3kThe composition of Claim 28 wherein said anti-neoplastic therapeutic is
selected from a group consisting of an anthracycline compound, a camptothecin compound, a vinca
alkaloid, an ellipticinec@ompoumnis actaxasigcorfiipouoiiha Glomtmaanin ehmpauad, igppyrazelopyrimidine

compound, a derivative of any,of e foreqoing:.a,RIR fiHg 1. AN e fRicgein. a0d ap analog of
any of the foregoing.

retaining of the drug within the liposomes.

64. The composition of any of the Claims 58-63 wherein said interior space
comprises a polyanion selected from the group of polymeric polyanion,

polyanionized polyol, or polyanionized sugar.

65. The composition of Claim 63 or 64 wherein said interior space

comprises ammonium ion or a substituted ammonium ion.

66. The composition of Claim 65 wherein the substituted ammonium ion is
a primary ammonium, a secondary ammonium, a tertiary ammonium,

Or a quaternary ammonium ion.

67. The composition of Claim 63 or 64 wherein said interior space

comprises a substituted ammonium ion having a formula
- +
Ri(Ro-IN"(-R3)-Ry
wherein N is an ammonium nitrogen atom, each of Ry, Ry, R;, Ra1s

independently a hydrogen atom or an organic group having each

independently not more than 8 carbon atoms, and in totality not more




32. The composition of Claim 24 wherein said therapeutic entity is selected from a group consisting of:
cloxorubicin, daunonthicin, mitomycin C, epirubicin, pirambicin, rubidomycin, carcinomycin.
Nacetyladriamycin, rubidazone, 5-imidodaunomycin, Nacetyldaunornycin, daunoryline, miroxanthrone,
camptothecin, 9- arni nocarnptothecin, 7-ethylcam9§9thecin, 10-hydroxycamptothecin, 9-
trocamptothecin, 10,11 -methyl enedioxycamptothecin, 9-amino- | 0,11- methylenedioxycamptothecin,
9-chloro-10,11- methylenedioxycamptothecin, irinotecan, topotecan, lurtotecan, silatecan, (744-methyl
pi perazinomethyl ene)-10,11-ethyl enedioxy- 20(S)-camptothecin, _
7-(4-methylpiperazinomethyler?éé)e{l ,ﬁ‘%ﬂ?eat%ﬁﬁ ?6%?3’/92&’5?5};1%})%%%%'&8 TRy, Ra, Ry, Ry is
7-(2-N-isopropylarnino)ethyl)- (2083seangpiothecin, vincristine, vinblastine, vinorelbine, vinflunine,
vinpocetine, vindesine, ellipticine, 6-3-aminopropyl-ellipticine, 2-- diethylaminoethyl-ellipticinium and
salts thereof, datelliptiuin, retelliptine, paclitaxel, docetaxel, a derivative of any of the foregoing, a
pro-drug of any of the foregoifigramthanramsiogrofmiry wictiradordyolhgl. 88y Trecbampositidin of Claim
24 wherein said therapeutic gptjfyd %%'1%9%%9&&9&9%%189_!1&%&?}1[‘8&%9&}&&119&%%@8

ethylenediamine derivative, bromphenifamine, diphenhydramine, an anti-protozoal drug, quinolone,
iodoquinol, an amidine compsbstinal reheasAldirsioan HIRBHIATCS 1970 ShFsuh By rgrtel, an
anti-schistosomal drug, oxargipiguing; anRfunReahtiszalsdesiativaafliconazole, itraconazole,
ketoconazole, miconazole, an antimicrobial cephalosporin, cefazolin, cefonicid, cefotaxime,
ceftazimide, cefuoxime, an antimicrobial beta-lactam derivative, aztreopam, cefrnetazole, cefoxitin, an
antimicrobial of erythromycinehgreiup; Bnghieerydir, ARHROMY G, iBlasithitinyeiopsoleandasaycin, a
penicillin compound, benzylpenic'%lltilp,dgheno%met Ipenicillir}f cloxa[cirltlin, metrb:ﬂcillin, ngxfcillt'n, oxacillin,
carbenicillin, a tetracycline cORpoUnd. ROVObIbEIR: Shedtnomycm  vancomydin: aA ARdM§eobacterial
drug, aminosalicycic acid, cdpreshydin aethamboutolriegmagic; pyrazinamide, rifabutin, rifainpin,
clofazirnine, an antiviral adamantane compound, amantadine, rimantadine,, a quinidine compound,
guinine, quinacrine, chloroquine, hydroxychloroquine, primaquine, amodiaquine, mefioquine, an
antimicrobial gionolone, ciprofisxagisaiénosaeirsprnaiioxatip srsldide ecid, norfloxacin, ofloxacin, a
sulfonamide; a urinary tract antimicrobial, nitrofurantoin, trirnetopritm a nitroirniciazoles derivative,
metronidazole, a cholinergic quaternary ammonium compound, arnbethinium, neostigmine,
physostigmine, an ant@&Izheimlgic SATRESLITEIAE HaBRRe, e EHISPIARMETHAT rGeBEFAGpine, bit

eriden, procyclidine, trihexylhegigy!»@Aanfiziscasniccagentnalrapipa: byBseyamigevscepelamine,
propantheline, an adrenergic compo (g%j?pamine se;gtonfn, albuterol, dobut‘amine, ephedrine,

u

epinephrine, norepinephrine, iSbpYote ﬂi%ﬂﬁﬁ/ﬁgﬁg N LSt FST e AR, P & Bt hin
reuptake inhibitor, an ergotamind derivativenaciyareiaxant of a curare series, a central action
myorelaxant, baclophen, cyclobenzepine, dentrolene, nicotine, a nicotine receptor antagonist, a
beta-adrenoblocker, acebutil, amiodarone, a benzodiazepine compound, ditiazem, an antiarrhythrnic
drug, diisopyramicle, effcaidinellz lovapemiesthdtio e ofipotidmsrataih e prooaind micks, didooaine,
flccaimide, quinidine; an ACE ingi@ﬁir@@m{%ﬁibiﬁﬂﬁ@ﬂ@!Q)ing‘?éfﬂﬂgf%nﬁHiﬂ@&@m@é@ﬂ%{i'; an opiate
derivative, codeine, rneperidine, methadone, morphine, an antiiipidemic, fluvastatin, gemfibrosil, an
HMG-e0A 128 inhibitor, prava¥tapREety poteridne inigsl conifrizatyedhasehz, prazocin,
guanethidine, granadril, hydralazine, a non-coronary vasodilator, dipyridamole, an acetylcholine
esterase inhibitor, pilocarpine, an alkaloid, physostigmine, neostiginine, a derivative of any of the
foregoing, a pro-drug dfany of tHE FORRFSTHET AhG AR L PrarsRF o AR bY THE fo g imd. The
composition of Claim 24 whereinrapleaspyhaiBamhantiyieohaiasescapsulated in the liposome
after 6 months at 2 - 8.C. 35. The composition of Claim 24 wherein at least SO% of said entity remains
encapsulated in the liposome after 2 years at 2 - 8 C. 36. The composition of Claim 24 wherein said
entity is encapsulated it the lipdseomeyofisaido¢ Sitwpositiorhateanfirst ehtitpitalipidudtie, iand wherein 24
hours following administration ' ition in -ploadstr f a |, sal tity
remains encapsulated in said Séggﬁ(gim‘fg%@f{ﬂaz? g&:@n?@%ﬁﬁ%cﬁ%fﬁ%@f%ﬁé@eﬁmgrg %ﬁ)grt\%p
entity-tolipid ratio is over 50%, atilsalsicedus. ersantestst iFothinf tHedissrsutdastbertd-Apid ratio.

dipalmitoyl-lecithin, |,2-dimyristoyl-lecithin, 1,2-dioleoyl-lecithin, 1-

stearoyl-2-oleoyl-lecithin, and |-palmitoyl-2-oleoyl lecithin.



37. The composition of Claim 36 wherein the entity is a vinca alkaloid, an analog theredf, or a
derivative thereof. 38. The composition of Claim 36 wherein the entity is vinorelbine. 39. The
composition of Claim 36 wherein said mammal is a rat. 40. A composition comprising a liposome
comprising one or more lipids and an anti-neoplasti iherapeutic entity encapsulated therein at an
entity-to lipid molar ratio of at least about 0.10, 129 wherein said liposome composition has in vivo
anti-neoplastic activity at least a four-fold higher than the anti-neoplastic activity of the entity in a free
non-liposomal form, and whergin the toxiely of saicipasame, camposiian aminisigred o nammal
is equal or less than the toxicity 6f said entity administere Yo said mamrmal in°a Pree non-liposomal
form. 41.The composition of Cihihest@olkreredntafiee toxicitylofretiddipbsshde2composition administered
to a mammal is at least two times less or at least three times less than the toxicity of said entity
administered to said mammal in a free non-liposomal form. 42, The composition of Claim 40 wherein
the toxicity of said lipdSeme compeRRRAT HEPRARE I e QlsamtaSs aeTeasidiirifihes less than the
toxicity of said entity administeygdpte:saichmammabn;g:fresnenipesenalifarsrpAd-1ibhe composition of
Claim 40 wherein the entity is a pro-drug. 44. The composition of Claim 40 wherein said entity is a
camptothecin topoisomerase idi?fﬁ‘fﬁmﬁ‘?; a camptothecin prodrug, an analog thereof; or a derivative
thereof. 45. The composition of Claim 44 wherein said camptothecin prodrug is irinotecan. 46. The
composition of Claim 44 wherein said entjty administered jnto.the bloodst f a,mammal has a
half-release time from said | ip%@%?ﬁg 15 %ﬁe@%ﬁﬁ%&herf%sm neumﬁ?é%glp}d derivative

is from about 0.1 mol. % to about 10 mol. % of the totality of said

lipids.

75. The composition of Claim 73 wherein said neutral PEG lipid derivative

is PEG-ceramide or PEG-diacylglycerol.

76. The composition of Claim 73 wherein said anionic PEG-lipid derivative

is contained at less than 1 mol% of the total lipid.

77. The composition of Claim 76 wherein said anionic PEG-lipid derivative

is N-(PEG)-diacyl-phosphatidylethanolamine.

78. The composition of any of the Claims 58-77 wherein said mammal is a
rat.
79. A composition for administering a vinca alkaloid drug, comprising

liposomes in a medium, said liposomes having an interior space and a
membrane separating said interior from said medium, said membrane

comprising lipids,

wherein said lipids comprise lecithin and cholesterol in the molar ratio of

about 3:2; and



47. The composition of Claim 44 wherein said entity administered into the bloodstream of a mammal
has a half-release time from said liposomes of at least 24 hours. 48. The composition of Claim 44
wherein said liposorne comprises a polyanion selected from a group consisting of a polyanionized
sugar and polyanionized polyol. 49. The compositipa of Claim 48 wherein said polyamon is sucrose
octasulfate, or inositol hexaphosphate. 50. The composition of Claim 44 wherein said liposome
comprises a biodegradable polyanionic polymer. 51. The composition of Claim 50 wherein the

biodegradable polyanionic RONRIETI5 AQYRNRSRIGIS Y T0s-CAMASKILAR A.CIAIM déherein said

Ilposome contains a substituted ammonium compound having a formula wherein N is an ammonium

nitrogen atom, each of RI, R}L’UHBPIFM?‘F@%@})@%&V @Wé%&i@ﬁ%?@ﬁ”&ééﬁ%@?ﬁ@b having
each independently not morg thigi 8 carbon atoms, and in totality not more than 18 carbon atoms
inclusive, wherein at least one of RIl, R2, R3, R4 is an organic group; wherein the organic group is
independently alkyl, alkylidene, heterocyclic alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a

hydroxy-substituted derivativeh&pgranidoplicaalyanciidiogn s @, usdNatamefesmingaia ether, ester,
thioether, amine, or amide boqd and 131 wherei ast thr e of R. R2, R3, Rz&are the organic

groups: or at least one of thBGTGRHi@ §IOTIBLRLE (Ppoﬁeyc ?faryo FERIRARKFEAH8 HOm directly linked to

the ammonium nitrogen atom. 53. The composition of any of the Claims 40-52 wherein said

topoisomerase inhibitor is entf[\a oncentratlon of aga abo 0.30 mole QEHQ per mol. lipid.

& S 2 1
54. The composition of any o the ‘bﬁ rnp A'Ygl%r X" aerlh ggﬁl {Sgoflslgrrﬂerlgseen%ﬁ%ﬁor IS entrapped ata

concentration between abodtwwmeammﬁm@ﬁmdw(hﬁ)@mnl Fameatenirbgopgoniole lipid. 55.
The composition of Claims 4100 a‘ﬁﬁh %%@anmal is a mouse. 56. The composition of any of the
Claims 40-55 wherein said anti-tumor act|V|ty is’determined in vivo in an HT-29 tumor model or a
BT-474 tumor model. 57. The composition of Claiths 46-47 wherein said mammal is a rat.

wherein said vinca alkaloid drug is vinorelbine, vincristine, or vinblastine.

80. The composition of Claim 79 wherein said polyanionized sugar is

sucrose octasulfate.

81. The composition of Claim 80 also comprising an ionically neutral
poly(ethylene glycol)-lipid derivative in the amount from about 0.1

mol.% to about 10 mol.% of the total lipid.

82. The composition of Claim 81 wherein said poly(ethylene glycol)-lipid
derivative is poly(ethylene glycol)-dialkylglycerol, poly(ethylene
glycol)-diacylglycerol, or poly(ethylene glycol)-ceramide, wherein
molecular weight of poly(ethylene glycol) portion of said poly(ethylene
glycol)-lipid derivative is from about 250 to about 10,000.

83. The composition of Claim 80 also comprising an anionic poly(ethylene
glycol)-lipid derivative in the amount from about 0.1 mol.% to about 0.9

mol.% of the total lipid.

84. The composition of Claim 83 wherein said anionic poly(ethylene

glycol)-lipid derivative is PEG-phosphatidylethianolamine, wherein




58. A composition for administering a vinca alkaloid drug, comprising liposomes in a medium, said
liposomes having an interior space and a membrane separating said interior from said medium, said
membrane comprising one or more lipids, said liposornes comprising a vinca alkaloid drug entrapped
in the liposomes at a first drug/lipid ratio, wherein 24 hours following administration of said composition
into the bloodstream of a mammal, the vinca alkaloid drug remains entrapped in aid liposomes at a
second drug/lipid ratio which is over about 50% of said first drug/lipid ratio. 59. The composition of
Claim 58 wherein said second drug/ljpid ratio is.gt least about 60% of said.first drug/lipid ratio. 132 60.
The composition of Claim 58 ﬁhoi%gﬂgégfal@étc%r%edm&ﬁfg P56 %1{9 RAYPARHE#Z09% of said first
drug/lipid ratio. 61. The compgsitigetiofl Glaity &8y8Diwkiensimisaid first dbog!/ijHid tmabanratidis.at least
0.05, at least 0.1, or at least 0.2. 62. The composition of Claim 61 wherein said first drug/lipid mass
ratio is at least about 0.05 mg/mum], at least about 0.1 mg/mmol, or at least about 0.3 mg/mmol. 63.
The composition of afy-of the Blaknessicanghiersinishliposoifed!comprisbaahiigiskloutside
trartsmembranc ion gradient effectiye for rataining bthe:Hwe Wishio e HPesemss hdulie
composition of any of the Claims 58-63 wherein said interior space comprises a polyanion selected
from the group of polymeric pOlAMBHBIERYB 2 Eeilyol, or polyanionized sugar. 65. The
composition of Claim 63 or 64 wherein said interior space comprises ammonium ion or a substituted
ammonium ion. 66. The compgsition of Claim 65 wherein the substituted aminoniurn ion is a primary g
ammonium, a secondity ammbHIGH RIS SiaHbHTUICEI A BE AEAH S AffHonium ion. 67. The |
composition of Claim 63 or 64 wherein said interior space comprises a substituted ammonium ion
having a formula wherein N isAan ammonium nitrogen ?IOOI’Q rga%h of Ralh Rg, R3 R,CA is igdependently
a hydrogen atom or an organic g(}%rﬂﬁoﬁbﬁﬁgcoé%rﬁsm%l%d nc?en?lyar\{(l:)[%%'norlél fhan BEarbdn atoms, and
in totality not more 133 than 1&®carbongat s nciugivendwierein atilbastonecoffRIpRY, R3, R4 is an

organic group; wherein the org%mgﬁ £8%QS§}J§?0§X%%§§§mb’iﬁ&g&?&%@&%%dn gg&%plic alkyl,

cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hy stituted tive there% , optionally including a
S, 0, or N atoms forming an ether, ester, thioether, amine, or amide bond; and

88. The composition of Claim 87 wherein said taxane is ionically neutral
molecule.
9. The composition of Claim 88 wherein the molecular structure of said

taxane does not comprise a hydrophilic polymer moiety.

90. The composition of any of the Claim 87-89 wherein the amount of said

encapsulated taxane is at least 0.05 mole per mole of said lipid.

91. The composition of Claim 89 wherein the amount of said encapsulated

taxane is at least 0.1 mole per mole of said lipid.

92. The composition of any of the claims 87-92 wherein said interior space
is essentially free from a solubilizing aid selected from a micelle-

forming surfactant compound and a cyclodextrin compound.

93. The composition of any of the Claims 87-92 wherein said taxane is

paclitaxel or docetaxel.



wherein at least three of RI, Pc', R3, R4 are the organic groups; or at least one of the organic groups
has a secondary or tertiary carbon atom directly linked to the ammonium nitrogen atom; and wherein
said interior space also comprises an anion. 68. The composition of Claim 65 wherein said polyanion
is comprised in said interior space at a concentratigg, of at least 0.05 gram-equivalent/L, at least 0.2
gram-equivalent/L, at least 0.5 gram-equivalent per liter, or at least 0.6 gram-equivalent/L. 69. The
composition of any of the Claims 58-68 wherein said vinca alkaloid drug is vincristine, vinblastine,
vinorelbine, vinflunine %lndesuf.g Vi ﬁo%%t]me an§l(%g tp&re%of Q ac’%lngerl gtlve th eof 70. The
composition of Claim % wherein sald Vesic e rr}?(ngfl comprises p%o Eatlay chgflne and
cholesterol. 71. The compo&tl@@TM@k&lrhWdehEmmCdelpﬁwbhdﬁdylmlm is selected from the
group consisting of a natural lecithin, a hydrogenated natural lecithin, a synthetic lecithin,
1,2-distearoyl-lecithin, 1,2- dipahnitoyl-lecithin, | ,2-dimyristoyl-lecithin, 1,2-dioleoyl- IeC|th|n 1-

stearoy1-2-olcoyl- lecifhin, andTlhﬁﬁﬂlﬁﬁéﬂlﬂzl@fe@ﬂ“l%ﬁW@@Hé%@%@%ﬁcdﬁo 70 wherein said

phosphatidylcholine and said q@@@ﬁ%@hﬁr@ ERRRRdNINolaidRtn of BbaULBRof id NBids,
composition of any of the Claims 58-68 wherein said lipids comprises a neutral PEG-lipid derivative or

an anionic PEG-lipid derivative. 74. The composition of Claim 73 wherein said neutral PEG-lipid
derivative is from abogt0.1 mmh%@pmm&@mmim@@m&t@etﬁ@imﬁ&qﬁzlipilgtsyﬁl@r.The composition

of Claim 73 wherein said neutr C?I PEG I aerlvatlve | PEﬁ ramidg lac Hﬁ{ erol- 76. The
composition of Claim 73 Wherelﬁmglgamlgh CPRGH T]e%i’e ?Paf c(;?)ﬁ élrﬁfet m é § 1 mol% of
the total lipid. 77. The composiiigdsof Claim 76 wherein said anionic PEG-lipid derlvatlve is
N-(PEG)-diacyl-phosphatidylethanolamine. 78. The composition of any of the Claims 58-77 wherein

said mammal is a rat. 79. A composition for administering a vinca alkaloid drug, comprising liposomes
in a medium, said lipo8dmes habingandsiteniorisplave Shuvkeriarshddimesepakatinyedid interior from

said medium, said membrane comprising lipids,wherein.saidinids comprsaecithineangd. shplesterol in

the molar ratio of about 3:2; and
circulation longevity of an identically composed liposome except for the

absence of said hydrophilic polymer-derivatized lipid.
98. The composition of Claim 97 wherein said mammal is a rat.

99. The composition of Claim 96 wherein said hydrophilic polymer-
derivatized lipid comprises from about 0.1 mole % to about 0.9 mole %

of the totality of said lipids.

100. The composition of any of the Claims 94-99 wherein said hydrophilic
polymer is poly(ethylene glycol), or a derivative thereof.

101. The composition of any of the Claims 94-100 wherein said hydrophilic
polymer-derivatized lipid is a poly(ethylene glycol)-derivatized
phospholipid, a poly(ethylene glycol)-derivatized diacylglycerol, a
poly(ethylene glycol)-derivatized dialkylglycerol, a poly(ethylene
glycol)-derivatized ceramide, a poly(ethylene glycol)-derivatized fatty
acid, a poly(ethylene glycol)-derivatized fatty alcohol, or a
poly(ethylene glycol)-derivatized sterol.




135 wherein said vinca alkaloid drug is contained in said liposomes at the drug/lipid ratio from about
0.15 mg/mmol lecithin to about 0.55 ing/mmol lecithin; and wherein said interior space also contains a
biodegradable polyanionic polymer, a polyanionized polyol, or a polya.nionized sugar; and wherein
said polymer or sugar is contained in said interior sgace of the liposomes at a concentration from
about 0.5 gram-equivalentIL to about 1.0 grain-equivalent/l..; and wherein said vinca alkaloid drug is
vinorelbine, vincristine or vinblastine. 80. The composition of Claim 79 wherein said polyanionized

sugar is sucrose octa?bjﬁfate 81]h The com m O%sgyggy%‘fﬁ‘al@an aéaol A) %lrselp a%lal [ Q‘ gﬁ) neutral

poly(ethylene glycol)-lipid derivative it the amodht o “of the total
lipid. 82. The composition of Cﬁalmﬁﬂlwmyédmsamgwy@mymmgaﬂéa:mathreqstbmlly(elgwt@rhe
glycol)-dialkylglycerol, poly(etmflqpe glycol)-diacylglyeerol, or poly(ethylene glycol)-eeramide, wherein
molecular weight of poly(ethylene glycol) portion of said poly(ethylene glycol)-lipid derivative is from
about 250 to about 10,000. The composition of Claim SO also comprising an anionic poly(ethylene

glycol)-lipid derivative igsthe ameugs fmahaHtAlnelk @@ngquu{@ QAL Yehheitetallipid. 84.The

composition of Claim 83 wherein said anionic on(etherne glycol)-lipid derlvatlve is

PEG- phosphatldyleth|anolam|ﬁ813i%éf%ﬁ?‘?l@£ M R PN e lEIY RN AR §RAEBI) portion of
said poly(ethylene glycol)-lipidderivative: isofopm about 250 to about 10,000. 85. The composition OT
any of the Claims 79-84 wherein half-release time of said vinca alkaloid drug from said liposomes in
the blood circulation of a mammal is over 24 hours. 86. The composition of Claim 85 wherein the
mammal is a rat. 87. Algompositiotoagipticing ankipdsemahaying 1an interson s@ad:@dmplh@lﬁnfnprising a
taxane compound wherein said (axane. compaund.is sontaned essentiall. witin s niggigr space of
said Liposome.

500 to about 5,000.

105. The composition of any of the preceding claims wherein said liposome

comprises a targeting moiety.

106. The composition of Claim 105 wherein said targeting moiety is a
protein, a peptide, a polysaccharide, a polynucleotide, natural small
molecule, a synthetic small molecule, a combination thereof, or a

derivative thereof.

107. The composition of Claim 105 wherein said targeting moiety is a
naturally, synthetically, or recombinantly produced protein comprising

an antigen binding sequence of an antibody.

108. The composition of Claim 105 wherein said targeting moiety is an
antibody, an antigen-binding fragment thereof, a single-chain protein
comprising the antigen-binding polypeptide sequences of an antibody, a
single-domain antibody, an analog of any of the foregoing, or a

derivative of any of the foregoing.

109. The composition of Claim 105 wherein said targeting moiety is linked

to said liposome membrane and exposed to said medium.




88. The composition of Claim 87 wherein said taxane is ionically neutral molecule. 89. The
composition of Claim 88 wherein the molecular structure of said taxane does not comprise a
hydrophilic polymer moiety. 90. The composition of any of the Claim 87-89 wherein the amount of said
encapsulated taxane is at least 0.05 mole per molg gf said lipid. 91. The composition of Claim 89
wherein the amount of said encapsulated taxane is at least 0.1 inole per mole of said lipid. 91The
composition of any of the claims 87-92 wherein said interior space is essentially free from a
solubilizing aid selected.from icellefoimin factapt compound.an clodextrin compound.
93.The composition oig?hy of ?Reeé?g?%(?@?fbgﬁséé/%gpe?ﬁésg%dﬁ f%)?asr?‘éd%%a%lﬁ% &5 Botetaxel. 94.The
composition of any of the preceuing siamhy dvbyenginsdichipitist tofmprise leplipichderevaltized iwith a
hydrophilic polymer. 95. The C&%R%QQRP of Claim 94 wherein said hydrophilic polymerderivatized lipid
comprises up 10 20 mole % of the totality of said lipids. 96. The composition of Claim 94 wherein said
hydrophilic polymerderivatizeci lipid comprises less than 1 mole % of the totality of said lipids. 97. The
composition of Claim P4 whereinesaid ipasams basbioed:gitrsiation iopasyifidnaymapimal of less
than two times higher than the circulation longevity of an identically composed Liposome except for the
absence of said hydrophilic pdlghERaFREEYE Nipid. 98. The composition of Claim 97 wherein said
mammal is a rat, 99. The composition of Claim 96 wherein said hydrophilic polymerderivatized lipid
comprises from about 0,1 mole % to about 0.9 mole % of the totality of said lipids. 100, The
composition of any of't Claiigeézﬂggo\?\m%?qu@&\ﬁ‘ ﬁ&&r‘b@?ﬂ“ﬁ’@ B@@/H@ﬂgkﬁ&w %Plé‘adlycol), ora
derivative thereof 101. The complsitienvaf ginyiofitheoGiaiinsOd-d@@wbevein said hydrophilic
polymer-derivatizecl lipid is a poly(ethylene glycol)-derivatized phospholipid, a poly(ethylene
glycol)-derivatized diacylglycerol, a poly(ethylene.glycol)-derivatized dialkylglycerol, a poly(ethylene
glycol)-derivatized ceddide, apolsgatpndiive glyeolpdbrivdtizes fodty Bridhagpobp{dthytenes

glycol)-derivatized fatty alcohol, g4 PRMEIVIANG ANGPDrASIMAREhSE Rhell

114, The composition of any of the Claims 104-112 wherein said targeting
moiety selectively binds to a receptor tyrosine kinase, a growth factor
receptor, an angiogenic factor receptor, a transferrin receptor, a cell

adhesion molecule, or a vitamin receptor.

115. The composition of Claim 114 wherein said tyrosine kinase receptor is a

growth factor receptor

116. The composition of Claim 115 wherein said tyrosine kinase growth

factor receptor is an EGFR, ErbB-2 (HER-2), ErbB-3 (HER3), or ErbB-

4 (HER4). ’
117, The composition of Claim 114 wherein said angiogenic factor receptor

is bFGF receptor, or VEGF receptor.

118. The composition of Claim 114 wherein said cell adhesion molecule is
an integrin.
119. The composition of any of the claims 113-118 wherein said cell is a

malignant cell.




138 102. The composition of any of the Claims 94-101 wherein said hydrophilic polymer is
poly(ethylene glycol) having at least three ethylene glycol units. 103. The composition of any of the
Cairns 94-101 wherein said hydrophilic polymer is poly(ethylene glycol) having molecular weight from
about 200 to about 10,000. 104. The composition of,gny of the Claims 94-101 wherein said hydrophilic
polymer is poly(ethylene glycol) having molecular weight from about 500 to about 5,000. 105. The
composition of any of the preceding claims wherein said liposome comprises a targeting moiety. 106.
The composition of Claim 105 wherein said targeting moiety is a protein, a peptide, a polysaccharide,
a polynticleotide, natural small molecule, a synthetic small molecule, a combination thereof, or a
derivative thereof 10720 he calvipeditdnicfinClai08 wiratéiniswia tagenmpcmoietsinig astturally,

synthetically, or recornbinantlgfp;&ggg_g%%gtg(jglmgg%ipgﬁlaiqgggggmgwgi_ngzs(ﬁgy@fgc&n%an

antibody. WS.The composition of Claim 105 whercih said targeting moiety is an antibody, an
antigen-binding fragment ther®61ths SigruUSHh proteid viprsing MR RstaeRBitsd Bolypeptide
sequences of an antibody, a singlgpdesaain antibody, an analog of any of the foregoing, or a derivative
of any of the foregoing. 139 110.The composition of Claim 109 wherein said linked targeting moiety
comprises a hydrophilic polymer that links said liposorne membrane to said moiety. Ill.The
composition of Claim1Q whereimsaid: hydlegatitiepaty misisnpo id@athytensoglyced)d A2ty Hae:composition

of Claim i 11 wherein said pol%@m}(/jlseonrge I%%ggrgggcgnolecular weight from about 250 to about 30,000.

122, The method of Claim 120 wherein at least 90% of said entity enters the

liposome interior space.

123. The method of Claim 120 wherein the proportion of said entity that
becomes encapsulated mto the liposomes is at least 80%, at least 90%,

or at least 95%.

124. The method of Claim 120 wherein the entity is a globally cationic

entity, a therapeutic enfity, or a detectable marker.

125. The method of Claim 120 wherein molar ratio of said entity to the
totality of said lipids is at least about (.05, about 0.1, about 0.2, or about
0.3.

126. The method of Claim 120 wherein said therapeutic entity Is an
antimicrobial therapeutic, antiviral therapeutic, or an anti-neoplastic

therapeutic.

127. The method of Claim 120 wherein said therapeutic entity is an

aminoglycoside antibiotic or a fluoroquinolone derivative.

128. The method of Claim 124 wherein said therapeutic entity is selected
from a group consisting of: a topoisomerase inhibitor, a

farnesyltransferase inhibitor, a tyrosine kinase inhibitor, a cyclin-




113. The composition of any of the Claims 104-112 wherein said targeting moiety effects
internalization of said iiposome in a cell. 114. The composition of any of the Claims 104-112 wherein
said targeting moiety selectively binds to a receptor tyrosine kinase, a growth factor receptor, an
angiogenic factor receptor, a transferrin receptor, g gell adhesion molecule, or a vitamin receptor. 115.
The composition of Claim 114 wherein said tyrosine kinase receptor is a growth factor receptor
11.6.The composition of Claim 115 'wherein said tyrosine kinase growth factor receptor is an EGER,
ErbB-2 (HER-2), ErbB-3 (FIER,3), or ErbB4 (HER4). 117. The composition of Claim |4 wherein said
angiogenic factor eceptor is bEEEEEEBBRSOIYRET AR A NHREE oA USRI laim 1 [4
wherein said cell adhesion malgauleisanikteghine 44yhercoipasitiomotatybofdbaitlaims 113-118
wherein said cell is a malignant cell. 1{%% JIZO. A method of encaapsulating. _entity il[}to a liposome
comprising a step of contactingXie ABABIEHHSE And oF e 1AL BS R e LS Yor the time
sufficient for said substance taibeetytreanbapeu)atechintetshidi kip o sarmeoitBibdiigagaethod of Claim
120 wherein at least a portion of said en;i]'%/ enters ¥he Li%}oggm?eggggi%r SRAGR élo%é The method of

I 1

g
Claim 120 wherein at least 90%13?%r§daentﬁr§ogﬁt%nr§%ﬁg posome intarior Space. 3. “The method of

Claim 120 wherein the proportish atisaiel entityfthatioeeomss ercdpaLidty iptdhtheigsosemes is at

least 80%, at least 90%, or at 5@5&9&%#%&9’%@@@%@%&% laim 120 wherein the entity is a globally
cationic entity, a therapeutic entity, or a detectable marker. 125. The method of Claim 120 wherein

molar ratio of said entity to the totality of said lipids is at least about 0.05, about 0.1, about 0.2, or

about 0.3. 126. The method offlaie 2P Woeigin said tberapauticeniivis anmntinictpkial

therapeutic, antiviral therapeutic, or an anti-neoplastic therapeutic. 177.The method of Claim 120
wherein said therapeutic entityﬁi%‘%ﬁ group consisting of an anthracycline compound, a camptothecin

compound, a vinca alkaloid, an ellipticine compound, a taxane
compound, a wortimannin compound, a pyrazolopyrimidine compound,
a derivative of any of the foregoing, a pro-drug of any of the foregoing,

and an analog of any of the foregoing.

130. The method of Claim 124 wherein said therapeutic entity 1s selected
from a group consisting of: doxorubicin, daunorubicin, mitomycin C,
epirubicin, pirarubicin, rubidomycin, carcinomycin, N-
acetyladriamycin, rubidazone, 5-imidodaunomycin, N-
acetyldaunomycin, daunoryline, mitoxanthrone, camptothecin, 9-
aminocamptothecin, 7-ethylcamptothecin, 10-hydroxycamptothecin, 9-
nitrocamptothecin, 10,1 1-methylenedioxycamptothecin, 9-amino-10,11-
methylenedioxycamptothecin, 9-chloro-10,11-
methylenedioxycamptothecin, innotecan, topotecan, lurtotecan,
silatecan, (7-(4-methylpiperazinomethylene)-10,1 l-ethylenedioxy-
20(S)-camptothecin, 7-(4-methylpiperazinomethylene)-10,11-
methylenedioxy-20(S)-camptothecin, 7-(2-N-isopropylamino)ethyi)-
(20S)-camptothecin, vincristine, vinblastine, vinorelbine, vinflunine,
vinpocetine, vindesine, ellipticine, 6-3-aminopropyl-ellipticine, 2-
diethyiamihoethyl-ellipticinium and salts thereof, datelliptium,
retelliptine, paclitaxel, docetaxel, a derivative of any of the foregoing, a

pro-drug of any of the fore.going,‘e‘md an analog of any of the foregoing..




aminoglycoside antibiotic or a fluoroquinolone derivative. 128.The method of Claim 124 wherein said
therapeutic entity is selected from a group consisting of a topoisomerase inhibitor, a
famesyltransferase inhibitor, a tyrosine kinase inhibitor, a cyclin- 141 dependent kinase inhibitor, a
phosphatase inhibitor, an aurora kinase inhibitor, g jpicrombule depolyrnerizing agent, a microtubule
stabilizing agent, an alkylating agent, an enzyme, an enzyme inhibitor, a historic deacetylase inhibitor,
an antimetabolite, a receptor-binding agent, a hormone, a hormone antagonist, a nucleotide, a
polynucleotide, a derivative of of the.foregoin pro-drug of any of the faregoing, and an analog
of any of the foregoing&l 29. Tr?f!eﬂgrﬁ% EJOO 8&%{]&3@4‘% elée#g%a]sga?ﬁ%?gbgeml{g%ﬁt?f%/%%esgeIected from
a group consisting of an anthralcyelinereaprposindnadamprothistimiosmippienelianvircdedNalotd, an
elllptlplne_ compound, a taxane &gm%@glﬁn\é/’qﬁ#mm@l&gmg%%ﬁ%wg%gggy%!r&%gﬁ)g&mpound,
a derivative of any of the foregoing, a pro-drug of any of the foregoing, and an analog of any of the
foregoing,. 130. The method oﬂ@l%ﬂﬁﬁ“f@zﬂ%\m&‘@n’?%mpm%@’éﬁﬁ@égﬁﬁfy% SBIEBHTHSM a group
consisting of: doxorubicin, dauremRicH, PIAMYCIA hieRikRIcHR AifREEbiGHIMBIdANYRIN,
carcinomyein, Nacetyladriamycin, rubiciazone, 5-imidoclaunomycin, Nacetyklaunornycin, daunoryiine,
mitoxanthrone, camptothecin, @-rlgéh‘?ﬁf’)lc'ﬁ‘r??ﬂﬂ(?t#éb‘fﬁtf%e@ﬁ‘iﬂ&%%/ﬁlﬁtéﬁ?éﬁm?‘ilﬁzﬁ%’ﬁ?ﬁ%%lﬁ ptothecin,
9- nitrocamptothecin, 10,11-meibytaasdioxycatmpiaibtasineshaotinam &dfhzolin, cefonicid,
metivienedioxycamptothecin, 9-chloro-10,11- metQ lenediox cam tothecig, 'H)not_ can, topotecan,
lurtotecan, silatecan, (7-(4-metﬁ§/%lpxélrnaeii%eoranze”ﬁly e -%‘, Ei’-éih?/flgﬁg |loaxy§8(e§f-8g’mptothecin,
7-(4-methylpiperazinomethylenddxs18;il t; anethylenedimefa2@(Sy«axnptothecinpicrobial of

7-(2-N-isopropylamino)ethyly (%Qy%lr%% ng\{'gﬂg)rri Ilt%iiir}é?ﬁlxﬁinﬂunine,

MR theein, vincri ir)ﬁ: 7\/49 |
vinpocetine, vindesine, ellipticine, 6- na{t}%glﬁ?)ro%ﬁg)gﬁ&?‘éyneﬁ 2-1 %gotwylarﬁmoet yl-€llipticinium and

salts thereof, datelliptium, reteliptindopaeiitaxetndodsrareperadrivagviesfieilinof the foregoing, a
pro-drug of any of the foregoing,andl 8 analedieh @ RkHgfRregaingii 14dd3h. The.method of Claim

124 wherein said therapeutic entity is selected from a group consisting of: an antihistamine
ethylenediamine derivative, broifiSRRISH e pHE P aratHIe NaHCR NG ProR6E b aYaE; quinolone,
iodoquinol, an amidine compounglspaptamigding:a-apiihelmiatiecompaiandyayrantel, an
anti-schistosomal drug, oxaminiquine, an antifungal triazole derivative, flicongzole, itraconazole,
ketoconazole, miconazole, an &ﬁﬂ?ﬁ?&%fble&}éaﬁﬁ%fbogpgﬂ?f%‘élf%ﬁﬂ%@fgﬁiE]iaéb(‘fgfbfé P
ceftazimide, cefuoxime, an anticiu€robiald)etariniciaanadenivativie caztpeopdmneetidetgzole, cefoxitin, an
antimicrobial of erythromycine groun, rr}/etharomix1 'n,e%%igwrgmxcinﬁ rgln%rithuri%gg .cigl, glg%nd%mycin, a
penicillin compound, benzylpenlcﬂﬁn, plheho§}<yme} ylpenicillin; %Yoxacilﬁn, methic in, n%\%mﬁin, oxacillin,
carbenicillin, a tetracycline comipelierhchtsvobiotinyspegtimonayeidiagaimcoms/dhquans.antimycobacterial
drug, aminosalicycic acid, caprepmyciny,ethambiiel, SoRiRzdeRYEAzInaMIsde, iabutn, n ampm,

clofazimine, an antiviral adamantane compound, amantachne, rimantadinc, a quinidine compound,
quinine, quinacrine, chloroquin@2hgirtergchreoluiterpHivsasiing sefrpumdtine RENsgtine, an
antimicrobial gionolone, ciprofloxagif-enaxacinfemeflexache:ipaidixciacich: ppflexacii.aflexacin, a
sulfonamide; a urinary tract antimicrobijal, nitrofurantoin, trimetoprim; a nitrohnidazoles derivative,

metronidazole, a cholineraic qUARSHAK R Hin SRRIACEE BB HBBNHTH CRESEEgmine,
physostigmine, an anti-Alzheimanigsminaan kioe; daci) ehadaidinBarkinsenaliditg.denztropine,

biperiden, procyclidine, triliexylhenidyl, an anti-muscarinic nt, atropine, layoscyamine, scopolamine,
propantheline, an adrenergic c&%&gé%@a%%%%‘f‘ﬁe? Rt g\%ﬁf“&fﬁ“ﬁ%ﬁ%ﬁ%’&’g&zﬁgﬁ?ﬁe, 1é)ﬁi:%e%inrine,
epinephrine, norepinephrine, ispprotgréine trihetafropeytnolasaimetrointe Hyatalineyranserotonin

reuptake inhibitor, an ergotaming deyivafive. & MYOTGlBaRk ol A HIALG S6IIRS A GSITElAgIon
myorelaxant, baclophen, cyclobenzepine, dentrolene, nicotine, a nicotine repegptO( antagonist, a
beta-adrenoblocker, acebutil, afifipiiareniereiteh 2pitepifebesmpsusihicditizzempenh@ittiarrhythmic
drug, diisopyramide, encaidine, 3{0¢al 143 isoproterenol, metaproperenol, salmetrol, terbutaline, a

serotonin reuptake inhibitor, an ergotamine derivative, a myorelaxant of

a curare series, a central action myorelaxant, baclophen,

cyclobenzepine, dentrolene, nicotine, a nicotine receptor antagonist, a

beta-adrenoblocker, acebutil, amiodarone, a benzodiazepine compound,

ditiazem, an antiarrhythmic drug, diisopyramide, encaidine, a local




anesthetic compound, procaine, procainamide, lidoeaine, flecaimicle, quinidine; an ACE inhibitor,
captopril, enelaprilat, fosinoprol, quinapril, ramipril; an opiate derivative, codeine, meperidine,
methadone, morphine, an antilipidemic, fluvastatin, gemfibrosil, an HMG-coA inhibitor, pravastatin, a
hypotensive drug, clonidine, guanabenz, prazocin, guanethidine, granathil, hythalazine, a
non-coronary vasodilator, dipyridamole, an acetylc?holine esterase inhibitor, pilocarpine, an alkaloid,
physostiginine, neostigrnine, a derivative of any of the foregoing, a pro-drug of any of the foregoing,
and an analog of any of the for%gt)o%gqi 132. The method of any of thed Clla'ms 120-131 wherein said
contacting is in an aqueous soRIOH 135 FRA AT B AIH H 13D Mh s UG S651B solution
has pH in the range of about 4 doiaiiowut 7o K84 bhé nethqdopfiClenmlap8Ryheieupsiiduagypedus
solution has ionic strength equivalent,or less EQ%n thqt of 50 inlvlrgocgrqgg hlgfr} gdoln 5. The method of

: : : 1 deine;, ) :
Claim 132 wherein said aqueoﬂ%s,mslg?utlgrﬁ%éas |oreur(]:V§tlr\é?’lgcﬂ1 eéaalveﬁ%nt or léss than that of 20 inM

sodium chloride. 136. The methoundf€laimrididaacei i ukestat nepusiBonsioartd pHbetween about
6.0 and about 7.0, and the entifyjs a vinea alkaloid, @BOMQQ(m%retq)&%ﬁéj%qjg%g/&ghereof. 137. The
2 3 fa 3 > K

method of Claim 136 wherein the pH of the aqueous solution of about 6.5, and the entity is vinorelbine.
138. The method of Claim 135 Hi#/erain SHepi dinth & aersEbuy doilagbisi8 PetvfeEMABout 5 and about

7, and the substance is a campigihgcin derpatiendiddd 3&nibeometbad ofGlaim 39 wherein the pH
of the aqueous solution is between about 5.0 and about 6.5 , and the substance is Topotecan or

hinotecan. 140. The method of RGP TS4%r 1 ORGP YS T inB S B et A ARE B8 Strength

of said aqueous solution is increageddednione ihan-that of K oivhsdslityvichlanden 34diod be method of
Claim 140 wherein said ionic strengggrl:va}lue is.increased to at least that of 100 mM. sodium chloride.
|

142, The method of Claim 141 Wherein said ohie strength value is increased to at least that of 150 ni.M

sodium chloride. 143.A method for preparing a liposomes containing an encapsulated entity,
132. The method of any of the Claims 120-131 wherein said contacting 1s in

an aqueous solution.

133. The method of Claim 132 wherein said aqueous solution has pH in the

range of about 4 to about 7.

134. The method of Claim 132 wherein said aqueous solution has ionic

strength equivalent or less than that of 50 mM sodium chloride.

135. The method of Claim 132 wherein said aqueous solution has 1onic

strength equivalent or less than that of 20 mM sodium chloride.

136. The method of Claim 132, wherein the aqueous solution has pH
between about 6.0 and about 7.0, and the entity is a vinca alkaloid, an

analog thereof, or a derivative thereof.

137. The method of Claim 136 wherein the pH of the aqueous solution of

about 6.5, and the entity is vinorelbine.

138. The method of Claim 135 wherein the pH of the aqueous solution is
between about 5 and about 7, and the substance is a camptothecin

denrivative.




said process comprising the steps of: (a) providing a pre-entity of said entity; (b) encapsulating said
pre-entity into a liposome having an interior space; (c) providing a condition inside the liposome to
convert said encapsulated pre-entity into said entity within the interior space of said liposome to obtain
said entity in a liposomally encapsulated form whe (ﬂn said entity is an organic compound or a
compound comprising a coordination complex of a metal of the platinum group. 144.The method of
Claim 143 wherein said encapsulating step comprises contacting the pre-entity with said liposome
having a transmernbrane 145 gradient for the time sufficient for encapsulation of said derivative into
said liposome. 145. The method of Claim 144 wherein said transrnembrane gradiernit is an ion gradient,
a pH gradient, an electrociyemicatipateniial gradient3 owa-saiihd tyigadienibdbsolhemethod of Claim
144 wherein said ion gradient is radient of an ion sel d_ from the grou ammonium ion, and a
substituted tbmi of ammonium io%%g%%%ﬁ%?ﬁb%@ﬁ%g%%%ﬁg%ﬁ%@ﬁéﬁ;’f% CﬁPsgfﬁ?g}ﬁCga of Claim 144
wherein said pre-entity is a globafijpeatidhic derivative of the entity. 148. The method Claim 143
wherein said compound is a pharmaceutical. 149. The method of Claim 148 wherein said organic
compound is a taxane ¢ ound_JSO.The ?l‘lod f,.Claim 149 wherein said taxane compound is
paclitaxel or docetaxel. 35 ZThedrmh%fﬁ%gogfg% aim. % W %r’e‘ﬁfggl %ﬁé’-“élr? t@ahgocﬁw%?%lé‘ ah ester of
the hydroxyl group in any of the pesitisremghofzagt thectaxsmietimoleoateavekdveivsdidresteotomprises a

titratable amine. 50 mM sodium chloride.

141. The method of Claim 140 wherein said ionic strength value is increased

to at least that of 100 mM sodium chloride.

142. The method of Claim 141 wherein said ionic strength value is increased

to at least that of 150 mM sodium chloride.

143. A method for preparing a liposomes containing an encapsulated entity,

said process comprising the steps of:

(a) providing a pre-entity of said entity;

(b) encapsulating said pre-entity into a liposome having an interior space;

and

(c) providing a condition inside the liposome to convert said encapsulated
pre-entity into said entity within the interior space of said liposome to

obtain said entity in a liposomally encapsulated form

wherein said entity is an organic compound or a compound comprising a

coordination complex of a metal of the platinum group.

144, The method of Claim 143 wherein said encapsulating step comprises

contacting the pre-entity with said liposome having a transmembrane




152. The method of Claim | 51 wherein said pre-entity is 2'-( 2-(N,N'-
diethylamino)propionyl)-paclitaxel or 2'-( 2-(1\1"Nrdiethylamino)propionyl)-docetaxel. 153. The method
of Claim 143 wherein said condition is a change in pH. 146 154. The method of Claim 143 wherei aid
condition is an enzymatic cleavage of a labile bong, . 155. The method of Claim 143 wherein said
condition is the process of hydrolysis, photolysis, radiolysis, thiolysis, ammonolysis, reduction,
substitution, oxidation, or elimination. 156. A kit for providing a liposomally encapsulated entity,
comprising the composition of any;of the; alaims.LirRgeANdRSUSHRR iR UaIng e ramnasiton to
encapsulate an entity, and optionally, in a separate container, the entity. 157. A kit of Claim 156
wherein the entity is a globally Eetibnrs&uBstance, a therapeutic entity, or a detectable marker. 158. A
composition of any of the Claims 1-119 wherein the liposome comprises a substituted ammonium
compound having in a agueous solution at ambient temperature a pKa value of at least 8.0, at least
8.5, at least 9.0, at lea$t9.5, or 3F AL Py IATHAHEE StidPBFTsE P RIFE ADBIE S vherein the
composition contacted with tha@ngitydeam prisesradldposo messaitldipeanibe:eeNprgRsasubstituted
ammonium compound having in aa gyeoug,sotlution at ambient temperature a pKa value of at least
8.0, at least 8.5, at least 9.0, at least 95 or at least 10.0.

146. The method of Claim 144 wherein said ion gradient is a gradient of an
ion selected from the group of ammonium ion, and a substituted form of

ammonium ion comprising at least one C-N bond.

147. The method of Claim 144 wherein said pre-entity is a globally cationic

derivative of the entity.

148. The method Claim 143 wherein said compound is a pharmaceutical.

149. The method of Claim 148 wherein said organic compound is a taxane
compound

150. The method of Claim 149 wherein said taxane compound is paclitaxel

or docetaxel.

151, The method of Claim 149 wherein said pre-entity comprises an ester of
the hydroxyl group in any of the positions 2' or 7' of the taxane molecule

wherein said ester comprises a titratable amine.
152. The method of Claim 151 wherein said pre-entity is 2'-( 2-(N,N'-
diethylamino)propionyl)-paclitaxel or 2'-( 2-(N,N'-

diethylamino)propionyl)-docetaxel.

153. The method of Claim 143 wherein said condition is a change in pH.




154.

155.

156.

157.

158.

159.

146

The method of Claim 143 wherein said condition is an enzymatic

cleavage of a labile bond. ‘

The method of Claim 143 wherein said condition is the process of
hydrolysis, photolysis, radiolysis, thiolysis, ammonolysis, reduction,

substitution, oxidation, or elimination.

A kit for providing a liposomally encapsulated entity, comprising the
composition of any of the claims | - 22, an instruction for using the
composition to encapsulate an entity, and optionally, in a separate

container, the entity.

A kit of Claim 156 wherein the entity is a globally cationic substance, a

therapeutic entity, or a detectable marker.

A composition of any of the Claims 1-119 wherein the liposome
comprises a substituted ammonium compound having in a aqueous
solution at ambient temperature a pKa value of at least 8.0, at least 8.5,

at least 9.0, at least 9.5, or at least 10.0.

A method of any of the Claims 120-142 wherein the composition
contacted with the entity comprises a liposome, said liposome comprises
a substituted ammonium compound having in a aqueous solution at
ambient temperature a pKa value of at least 8.0, at least 8.5, at least 9.0,

at least 9.5, or at least 10.0.




