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STABLE LIPOSOME COMPOSITIONS The invention relates to
compositions based on membrane lipids and more sp(_ecifically to .stable
liposomes used to deliver a drug and methods for making and using
them, even more specifically to sterile and stable liposome compositions

used to 5 deliver a‘tFaPAd HANHTOCHMRMRSARIGNMg them.
BACKGROUND) OF THE INVENTION Liposomes, also known as lipid

vabiclésyaroompletelyoclosagoipidrilayesd mmm%gﬁmfaiﬁgig%n%ﬁm Hore
e vplume comprising an.aqueous medium. The ipid bilayer is
o%};egr%%%%i o%gglglfﬁ p%%’gsﬁ ohpic S 2%0% ATSCtRs ARd rastheds rﬁ’ét%l@g and
shehsdeycoiip mg.rﬂ_i;p@@@m maichle mmm&@pmmg:@l@ﬁ@mm used to
MRRREANE-PUAY SRl MUl ameliar, haying moge than one membrane

bilayer and having an aqueous space between different membrane .
bilayers. The bilayer is composed of two lipid monolayers, each having a

hydrophobic portionBhalisGHISTIeS. dawpsIRARR B rRSREr With the

hydrophilic portion facing outwards towards the agueous phases.

L omgg:w -phospholipids or other. suitable amphipathic
ng?ggg%%sé Z%gcyallfowe t(? si\r/l\}gﬁnvsevsé?iersfordﬁleq S estgxﬁtifﬁf.s ? lpld ilayer

WAFERDESIGH Rl RMHn e eRtiERIE oV i ttine craudsisghivaseudeingediian. The

PEES ' I8 o d :
véd

g8 i RV BP0ttt e biayite heinelsivesmbrane

diss
abtiieghdf thatiipephilic mmgim@mhaa%aep@i@#wmm%@%wmf{a@{g an
e ' inner or. guter aqueous phase. The encapsulation o
! e bhesPhanbdr orRetoBs o
Kk rripoeeyent, Td mmwmwmmmdmmsmmmte@mfg@ each
thim, S o ef T3 I 5.evaporation of an
A R Rl el SR a8
dium, liposomes are formed. Alterpatively, liposomes may also be

s B SR R L SO0 SRR molecules
naictLRkoisethém swelicated afagitatephiyndhighulieguen ey sountmaves:iRls are

O ucisRaR AR RLGIOSRA BRIFIE s JMRer AL (Rl SIS0 e rapped

liposomes is the rapid mixing of &lipid in ethdnorl an ,
n the aqueous phase between the lipid bilayers. Similarly, lipophilic materials may
be dissolved in the lipid and be incorporated into the bilayers themselves, although if
the lipophilic material also has a polar group, this group may extend into the inner or
outer aqueous phase. The encapsulation of materials into liposomes can be
accomplished by a number of methods known in the art. The method most commonly
used involves casting a thin film of phospholipid onto the wall of a flask by
evaporation of an organic solvent. When this film is dispersed in a suitable aqueous
medium, liposomes are formed. Alternatively, liposomes may also be formed by
suspending a suitable lipid in an aqueous medium. The mixture is then sonicated
(agitated by high frequency sound waves) to give a dispersion of closed vesicles. A

forther method for creating liposomes is the rapid mixing of a lipid in ethanol and

water. This is often accomplished by injecting the lipid into an aqueous solution.
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30 water. This is often accomplished by injecting the lipid into an aqueous
solution. 1 The lipid bilayer membrane often functions in a manner similar
to cell membranes. They therefore exhibit some biological properties
such as the ability to be easily accepted into the environment of living
cells. Liposomes may merge with living cells as if they were themselves

orgasalies s el sMashE MUGH. INigIes! I3 recent years $‘ res
usi %Iiposomes as carriers to deliver compounds possessing a “par iCOPAFes-
b?oitl% |cg165?f%a?ﬁ?é%ﬁ'ﬁ’ééﬂ BielseieptarpritiensuSo e Wiffiehiliissthave easily
arisenpited dhadidie tﬁmm&ﬂp@pmﬁsd@ib@%@ﬁ‘?ﬂ%’ﬁ%‘i’ﬁ@w‘iﬂ?ﬂ%&o&ns
drggisfaggg o"}[‘,@?g g‘%rlrlwlgqunds. Onigartlcular problem is that liposomes .

made by conventional teehMGUERith tErseHtiHeerdah bratioms drdnterest in

oftepephasersiristaistegl Oimsentimes WhieteGam eRHEE SUSRSAROIMSsiny a

unsyitahle in i ry, i ic he_pharmaceuytical industry. This can
Wi%ﬁ mdﬂ’%ﬁ Xrﬂ?’ &Atltﬁgeag ﬁge%vr\%? %ée{fﬁli] )g and phase

result in the liposomes leaking,

separating, fusing, agglomerating or gehifying upon storage. Known
tgéoﬁn‘e é%‘féﬁ??g?%‘é g h e SEirteR Qasmeligpirpeoiaesitivkntetdgagsing

nigd
ofttehesinadags M‘ﬁﬁi %ﬂwﬁﬂ@ﬁf-" ghgz%ﬂr%??f@mgbﬂf AURUYI mes made
pr mples of methods. for stabilizing liposomes Using

o o GR JaF B A £ Gosable
U Gepiren i croocede, web cratsmitiNe &aauhld  ddSstRatearticular the
Noih$bas.Pidids. Rale ,Q15.. Stabilizers  for liposomes
hagve includedaamphg%ric mo%?u%%%ﬁg\%r%eahggﬁ%rﬁ% r%ﬁli%l}%’fgpa%ng down,

exXSHIPE e piERDRRTIERS Sbims s dosmationufisllifiesepmoltoes

can be added 20 to prevent aggregation of liposomes. Regardless,
tribavamokenhiniauea sondndresinghibwwtotageraidie-pdeapaienshalidifadnt use of
PraaRa0 gkl Lualsinierd dliviaied Ralmers such as |
steardimonium hydroxycellulosé, avgeebgree}?%%%oél t8§sf§l§§il%v‘il85iﬂﬁ¥%@m
i JOCBRRES rmariads bier otrbilisie: throsegresdisints thatrbeat atiditizers include
Re{a&waﬁydmgﬁmﬁ%ﬁw&,@%ﬁs steapylam 'ﬂ%{'ﬁy@ E%? o[P.g.egatent
u§\?d tso%%a ﬂab@zf ?somes but these charged long chain alkyl"amines
tend to'Be toxie at>eldvatet It Eisthits Ardidhg Rrserldls 486481 Biebilizers
pHerniiposerics | teyyplitatioed. amphoteric molecules having a cationic region, for
example triethanolamine, a common cosmetic buffer. These molecules can be added
- to prevent aggregation of liposomes. Regardless, tricthanolamine has not been shown
to provide adequate shelf-life and processing stability. Quaternized alkylated
polymers, such as steardimonium hydroxycellulose, have been used to stabilize
lecithin-type liposomes containing biologically active ingredients that are acidic.
Relatively long chain alkyl amines, such as stearylamine, have also been used to
stabilize liposomes but these charged long chain alkyl amines tend to be toxic at

elevated levels thus making them less desirable for pharmaceutical applications.

Other techniques used to stabilize liposomes include lyophilization or spray-drying
strategies. These steps increase the complexity of manufacture and require
reconstitution of the liposomes prior to administration to patients. Reconstitution is

not desirable for products that can ultimately be used in the outpatient setting.
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Other techniques used to stabilize liposomes include lyophilization or
spray-drying strategies. These steps increase the complexity of
manufacture and require reconstitution of the liposomes prior to
administration to patients. Reconstitution is 30 not desirable for products
that can ultimately be used in the outpatient setting. 2 One particular area

thaf,may.he suitable for liposome delivery is iphaled pharmaceutical
products. Many ir%%le%%?u%lgyar%ede &%@é‘& by {sz?% T adGlogy s inbaled
salbtiorrasatcs! reteduss Mmyaiteniet dajgable clefieaedtingragueons aqueous

aeEISRbATARI&Ise1 ReAUIRIATY JSAHI GRS J%%éggx%'t?rg %?g%@%%e lrJrEis%?ldroplets.

préducts require that the products 5 be provi ass ormulations.
P

SROIARTY Seaisgssiolos iahnlsd R BRiss e erdduatsatioms thavée products
fobeipest ledsie slerfit ratianiaroad ditier RhLRKE SEYAHINE for HOSIBREMISE linosome

liposomal. formulations for delivery by parenteral (iv, im, se) or inhalation
(ggﬁinnﬁ%}?/n%r fr#zzg’lvseaI)??%iﬁsteec'g r%%s%ﬁ tef’[l}gaﬁi‘é‘ba?étiéﬁ@.“%rrﬁﬁélmser"aﬁ"@s»

stéhezapioniof finsmmal dutivalsolutiofs thetiugly abjogiavingis Well 40 sc) or
sl RN RGNS fave beeh fofed fo be

unstable to the harsh conditions of autoclaving ?é’é%‘?ﬁ&a?gtggglomeration,

f ion,.arld elf’i%%%%éof liposomes in much the same manner as observed
durihg Storage, |PAsRRERERHIR osHiions dhepughe elitnplsutien is well

hﬁ}t@i&s@/@ﬂmmmﬂﬁmff&amew | nﬂe%hadaﬁéaeg %@e@n@iﬁrﬁ%{aﬁd%&m
0 epsapsLat ug, for example as described at page 11, ines ,
6-109& WO gg%%?o%%%&%%ﬁ?%?&&? %f?é“ﬁ%?é‘f’ﬁa\’?‘és‘&&em&&?’%bfmg of
déBORAtHhE Siuphlitcissne sransocistetisawt dutigiatiaglipnsesilas change in
COpRREHIONS HARLRMRUEHIS B ;. batent ~
5,776,486 t;oth of which relate toﬁén%}kgi%%dgﬁ%g%ﬁ?ﬁé%ﬁ%ﬁ%%%%?@%‘?damn
lipBYomdested srleassafgbe sRearsaiatedrisu: forsrseiiipte an ditseritsérligas 11,
20imscormptisied byouioepwndently sterilizing the component parts - lipids,
buffer, drug and water - by autoclave or filtration and then mixing in a

StOLE AR AN E T Bt RATETHSIE heat sterilization of the .
finished &Flgduct is no possible sfncg@%étg%{r?aﬁcﬁq |p§k§eo?n%’sﬁ %%ésssues associated
irr‘gﬁgr%{&glamag%mﬁgmggmon& For example US Patent 5,554,382 and US

Patent 5,776,486 both of which relate to methods for the sterile manufacture of
liposomes, teach that liposomes are difficult to sterilize and that sterility is
accomplished by independently sterilizing the component parts — lipids, buffer, drug
and water — by autoclave or filtration and then mixing in a sterile environment. The
patents teach that heat sterilizatién of the finished product is not possible since

heating of liposomes does irreparable damage to liposomes.

US Patent 5,542,935 teaches that heat sterilization of the final liposome products is
not possible since heating liposomes does irreparable damage to liposomes but
‘teaches that gaseous precursor-filled multilamellar lipid suspensions may be

“autoclaved. The autoclaving did not change the size of the gaseous lipid particles.

US Patent 5,770,222, US Patent 6,071,495 and US Patent 6,479,034 also teach the

autoclaving of precursor liposomes — i.e. liposomes without a drug payload.
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' ammcl@a/edmealsp@i%ﬁlﬁﬁeéftéﬁéﬂi@&&%@Fﬁ%%é@&(?? ‘ﬁ’g@?ﬁ‘%ﬁ!{@
alety O

US Patent 5,542,935 teaches that heat sterilization of the final liposome
products is 25 not possible since heating liposomes does irreparable
damage to liposomes but teaches that gaseous precursor-filled
multilamellar lipid suspensions may be autoclaved. The autoclaving did
not change the size of the gaseous lipid particles. US Patent 5,770,222,

UgrPatant , i t Br 140%Iso teach the autoclaving
of recursé?%%s’g?fe@%ggl‘ipggﬁs%%t%ﬁs%%?gﬁ?a I(s] 5%8‘&%? guipglaved and

P é?}t%‘régﬁﬁ%)f?ﬁfp%\ﬂw&féﬁ%m lipedoriasicahfiotberchacobacteria
id L
ohtajned from rct% eobacteria_can be autoclaved. T eséff‘)é’#‘)lmf 18
based Tiposornes' &F. BRégIFLtRIpElsoMiriberdinidlieundbhisied whilst the
toxicitlﬁé)rofile of ether lipids is unknown. 5 US Patent 5,230,899 describes
thEadiBEriIRG bF iR elipsssbedigelstochtaining yesyp e s is WM Very

oniyienasigh\Watemiabs R esenLl t of up to 300 moles relative
to th sol%Likewiséb UI%. Pat%rg‘%,%fgg{)g%é;%éage(:rtfb%saﬁwgr%%cﬁ’é\ﬂﬁdo 300

of BT ROB Ui RnlidarT diiphr Hendinient 6 4248 Huganiltbs ties changfing

inqiatielb( iz enrepiariat: 16 S iRHEALEE 6328 A5 SeHb in parti
agggg@%m% gf multi-lamellar liposomes that have beén sta%ﬁii%%l%y%mde
inclusion of charged phospholipids. The invention is for a diagnostic

c%rgé)osition that includes at least one imaging contrast agent. Overall, the .
pr

arttEiche Bt ayersrbesdhphtosiaving e ftomiiinahsibsilizpiionsienaohave
2 b fiebiliing boRIIRLIRASATALREPBRNAN ARG, OFRNGL AR O for o
suggest an 15 eng%ncgment in phase stability upon terminal steri |zat|or1f
or‘%?%“f’ S ST SEUSRIBHUBAgeSIL RS SPRipREBe sletefaRsosomal

||cs)osom S.
preparations has generally been limited to the use of filtration through 0.2

mieYERHiI{BePRT ¥ fracito nw softainingdlinas amits heloka0sIEAa0S iRp of
digm@&&rdﬂ&m@gg@ | Q‘ﬁﬁﬁt' Qg‘!ﬂ) ns fqr .manufacture of larger
liposomes. Gamma irradla_t%fro1 is vielﬁv.\iglg as %a%%?e%?ﬁ%%%%a 90 PHeEest an
uRBCEASTIEL B EYAE SHOHIB thendemisaksiptisminn diS ferkionsmisee, for
example, Daan Crommelin, Liposonies as Pharmaceutical Dosage
Fg}qﬁgqgﬁ@)}ﬁ Gfsadiity @hd pyrogenicity of liposomal preparations has generally been

limited to the use of filtration through 0.2 micron filters for preparations containing
liposomes below 0.2 microns in diameter or the application of aseptic conditions for
manufacture of larger liposomes. Gamma irradiation is viewed as unacceptable due to
the unacceptable degradation of the aqueous liposome dispersions. (see, for example,
Daan Crommelin, Liposomes as Pharmaceutical Dosage Forms, Encyclopedia of

Pharmaceutical Technology, Vol 9, page 13).

Thus, sterile filtration is an option only if the liposomes are sufficiently small to pass
through a 0.2 micron filter system. If the objective of liposome formulations is to
increase the residence time of a drug at a given site of action, larger multilamellar
liposomes are desirable. Liposomes of 1 to 5 microns are suitable for pulmonary

delivery, but obviously are not suitable for terminal sterile filtration.

In the past, preservatives and bacteriostatic agents have been added to pulmonary
inhalation products. When included in bronchodilator formulations, many of these
preservatives have proven to induce pulmonary constriction and counter the beneﬁoial.

4



Pharmaceutical Technology, Vol 9, page 13). Thus, sterile filtration is an
option only if the liposomes are sufficiently small to pass through a 0.2
micron filter system. If the objective of liposome formulations is to 25
increase the residence time of a drug at a given site of action, larger
multilamellar liposomes are desirable. Liposomes of 1 to 5 microns are

suiiable for.pulmonary. .delivery, but obviously are not suitable for terminal
e B AP S0 it i paomary
bdérp et o gativronsryulihhalatiengradoicts WWheadieludediitot considered
brgoghedilator formulations, many of these 30 preservatives have proven

to induce pulmonary constriction and counter the beneficial 4 effects of
th%l\)r&nqh%%ga or. Accordingly, addition of preservatives to pulmonary
lipoS8ime Pt R Bl E rttdrbik Ao HRp somRe alitiery dmdois mastrined
5 combiekeredmgestiabieo Anethenpattictiat areadiatnayhe sullal!e 0 iations
lipgsamedslivery stained .5 release c itions of one or more
active ingred%%t%%é% (%Jé) %&Xfﬂﬁ{ﬁ?ﬁgﬁ%ﬁ‘gﬁgﬁ&‘?ﬁ*%@ﬁ%%?ﬂ@f’fmd
of PRife R fipltidaIsnEoBue menmpesititrisdcporatioy dolapicionsafuefiined
theorbidg from cRBRuenCcRRsMIated;RoLtion. by sustained release
from continued release of Iipo_somtlgen_capgfll%)%a%\egg1 gatgﬁlv%&é‘éeer?ﬁeﬁt‘e%ﬁgfs&vry
relfOFERTTRES fRE-UaR (r aBRIpHemb ks ey tirt tivaraivenp efoentpfulated

10 entapsaletessidiue hieeaneISRTLORIEHRE ARG IDAI AR LATRHIBHORS stabie
argvgpgrrglcally and phase stable over time. There is therefore a general

need to %velop liposome formulations with improved stability, in

particular the preparation of sterile and stable liposome formulations of

driBepdt e thest aeeprrakecsthildlavriophkipoisatly Stabldatinosthetieiorproved
suitatilieyon Paraharmacesisalmss. S WMIMART Q5T khﬁé&%@é‘&!t%mns of

'”%ﬂde&i ig trtle cto%? of the igaﬁﬁntion are stable liposome compositions
and processes 18 theh pres (f'mh%iegi‘é%a%tébﬁaﬂﬂ@.%@@mewmble for

15 lipdsomequephration for the

SUMMARY OF THE INVENTION

Included in the scope of the invention are stable liposome compositions and processes
for their preparation that are phase stable. A stable liposome preparation for the
20 purpose of the present invention is considered one in which the dispersed liposomes
substantially retain their initial character and remain substantially uniformly
distributed throughout the continuous phase for the desired shelf-life. Stable liposome
compositions of the present invention do not exhibit phase changes, sedimentation
and, when they are sterilized via autoclaving, rrﬁcrobial contamination. Stable
25  liposome compositions of the present invention show minimal chemical degradation

due to oxidation or hydrolysis of the liposome constituents or the encapsulated drug

ngredient,

Therefore, in one aspect of the present invention is provided a stable liposome
composition for delivering a pharmaceutical agent, the composition comprising: (a) a

30  suitable aqueous medium; (b) liposomes formed from a suitable phospholipid; (¢) at

5
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20 purpose of the present invention is considered one in which the
dispersed liposomes substantially retain their initial character and remain
substantially uniformly distributed throughout the continuous phase for

‘the desired shelf-life. Stable liposome compositions of the present

invention do not exhibit phase changes, sedimentation and, when they
arqe%g?r‘j)%zeeqlvia autoclaving, microbial contamination. Stable 25 liposome

compositio s_a(l)"'rnﬁ%gu 8 é‘ﬁ‘ff}m%‘ﬁﬁcﬁ’_f %Wﬁﬁ?ﬁ%&ﬁmmgmdﬁimﬁmes,
o8 sdaerete ol bpiRoSame ORSIYENS OIS 1 accopiaic

engapswated ingredient. Therefore, in one aspect the pre
invention is g?g\%fgé)ﬁnslﬁﬁ@ﬂ%{]sgﬁcé’p%mp"E?%‘ijtib%%?@é@i\fé@mgﬂa organic or

phﬁﬁf%%ﬁzi_é& &%é)ﬂl_mmp@smaﬁéc?fmmm%)@ 5@@%;?9;% h(pc),phﬂic
aqueis madiughHi.linosom rom a suitable phospholipid; (C

at %Ieas( one IE%anmaagte)u%casl]??ailgggei;r%%%éztllﬁgglligit Ié‘gcs?pﬁzélﬂf’all)?‘éﬁcafﬁﬁﬂm a
in HETEESBIREY, atfewiahly sevsstats froawidD) avlipophiliciamble.sng 3 of  the
phelrmageutizally aceppisbleiasituereair hephavmaceutically aoc table
acigl is sglected from an grgalic(ag;s inorge};l%c aci ga% fﬁ)seu\(ng t%‘ the PH of the
pharmaceutically acceptab %%@a?ﬁcaaﬂﬂ’%&i‘féba%bmnﬁﬁ pRainé tandmino
opHSHAIR dhshdvmaseutically aadeptaRSHaRthaORPHSINGA: cnbodiments of fhe

phaeRacawicaly agce organic acid: wherein the quantity of the
pharmaceutically’accepta 4%%%% B re LU E Y el R o R tesifc and

th&9P1S Trasnesiprepesiormmposition is less than or approximately equal
to the pK, of the amino group of the pharmaceutically active lipophilic

arfiinend rgenteLihbodinperitionl BEtho RseMIRRNoN éfheH of the I

C . toclaved, thereby providing both st’erllfe nd s%%lléposome
o eIl 5 8 B oo ot Bpenbiproweit, ans
intRfHtio thelke drerbilisospine icorpositiariisiabQungssialdp the ke Sfher

thespepinm apeer af e Jinaphill ine. and about 50% of the lipophilic
amine is protonated ing the%r&%?ggit%ﬁ?ﬁ?%es gha ﬁ%rli%aé.éﬁ]é%ﬂ%@@wup of
o?%ﬁ PBEIHhE UG ARSI RGRAST @sE PRt Bikapbiitheraimine sreRel in the

th@ﬁpmsgébg,il;‘lihe,cam@cﬁ;imﬁi'(}faﬁ(ar@@f'&f m{'@%héﬂgu?@'gﬁ il?nits below the

pr, in the L

ﬁ@ Qﬁu 0 group of the lipophilic amine. In yet another aspect of the present
mven’uqn, the pH of the liposome composition is between about 4 and the PK, of the
amino group of the lipophilic amine. In some embodiments; the pH is between about

4 to about 7, or between about 4.5 and about 6, or alternatively between 5 and about
6.

In yet another aspect of the present invention, the compositions further comprises
cholestero] and/or ethanol. In one aspect of the present invention, ethanol is present at

between about 2.5 % and about 10% of the total volume of the liposome composition

In yet another aspect of the present invention, the phospholipid of the liposome
compositions of the present invention has a net neutral charge at about physiological

PH. In one aspect of the present invention, the phospholipid comprises
phosphatidylcholine.

In yet another aspect of the present invention, the aqueous medium of the composition
comprises water. |
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composition, or the composition has a pH of about | to about 2 pH units
below the pKa of the amino group of the lipophilic amine, In yet another
aspect of the present invention, the pH of the liposome composition is
between about 4 and the pKa of the 20 amino group of the lipophilic
amine In some embodiments, the pH is between about 4 to about 7, or
een about 4.5 and about 6, or alternatively between 5 and about 6.
éétyﬁh&ﬂ%?%smbpfh@w&mt.numm the qompesitionalfwEher is both

compa;m&temﬂe&t@[@lo@&g fthanol, In the p resent
|nvent|on eth ang I3)presenét){21t 25 betwelgrllai;?t(lgcitg{%t8 255?% hd abo ?%B}om the

of PakSEAT ViR ume t?tgsﬁﬁbé%‘fﬁét’é’é‘mﬁb5|ﬁ@welﬁlyé@@nmﬁer aipeptobnt of

thémmntmamhmﬁtbhaphmmhpﬁg&itth&ﬁ@@s%@f&ﬁo&%@%%%ﬁt%% of
theypresent invent 91%1% ne lcac?utral charge at about physiological pH.
In one aél(?ect of the presen mventm%?ntﬁg'ﬁﬁ%‘sﬁh Fpi‘ﬂ’%%‘ﬁri"éé@l’osmons or

Ay lEhaheie. 893 e h e dntinenaspect piftdhﬁapé@&@mtdgug Wienthg the
aohmuﬁlm%tﬁﬁés%&ﬂ? C&mﬁ%&“%ﬁo%p“ges V‘%%e S.hi yet another

ect of the present invention, the pharmaceutical ageht [hdgiel amount of
FLHRREFH Eiiposethe &&rﬁé@@m@mmme in the aqueous

medlum in the compositions of the present invention. In some
enkibBelignsthsr ﬁﬁE%b@é@tﬂprﬁpbmmﬁ@n&&@%ﬂb&@&&ﬂ@ﬂWﬁ@ééﬁ?@ﬁhe acid of

ageplip8RBRISHABAHLRO 90% of S the total amoun
pharmgceutlcal agent preseng3 in the Tipogome contpBLITRSRE™s 25Kout

6% to abo% 80% of thg rttl‘(%)tal amount of )harmaceutical agent present in
the I?bosome Corhsssit BF%?B‘HUWG 198 dpetRTS Pasicibe ofttie liposome

arFemnegfiqHzaTnaceaticakdgentirasaauby IpasemECABRCHIgR IR m

yeloanothey. ﬁﬁg&&g% resent invention, th pharmaceutlcall
acceptable acid of '10 ?ﬁm%lposgme %%Pﬁ%gléﬁﬁ ﬁh%‘étsﬁafﬁlﬁi%n% about

atﬁdeF‘ﬁ‘ﬁ’ |?Fo‘i‘5%lﬁ|8 BEHPIH yet another aspect of the present invention
liposome particles of the liposome composition have a mass median

difmetem@it@:5)yrettediib proedo i iBICroRSadR claved liposome compositions
are physically and chemically stable for at least about one year, or 18 months or two

years at a temperature above the freezing point of the liposome compositions.

In yet another aspect of the present invention, the lipophilic amine comprises a
lipophilic amine that has a log P value of greater than about 1.0 at physiological pH.
In some embodiments, the lipophilic amine has a log P value of between about 2 and
about 5 at physiological pH.

In an aspect of the present invention, some embodiments of the liposome
compositions are physically and chemically stable to autoclaving, including
autoclaving under an inert atmosphere, such as autoclaving at a temperature of about

121°C for a minimum of about 15 minutes under an Inert atmosphere.

In yet another aspect of the present invention the ratio of pharmaceutical agent to
phospholipid present in the compositions is about between 1:100 and 1:10 mol/mol.

The amount of phospholipids present may also be about 1.5 mM or more in

compositions of the present invention.



mbodiments, the mass median diameter is less than about 6
fr?icr:r:gnes, or about 4 microns, or about 2 microns. 15 In ye.t .another aspect
of the present invention, the autoclaved liposome compositions are )
physically and chemically stable for at least ab_out one year, or_18 months
or two years at a temperature above the freezing point o_f the I|po_somﬁ_|_
com;ibnsd:tinmssilﬂbmebﬂﬂﬁtbﬁ!sﬁﬁQﬁ%ﬂwﬂ%rﬁé@&ﬁ'@X%rﬁts'ﬁgf%gg%P E’iﬁ%h' \Cihe
aminﬁlﬁggggr‘k%%s a igg)lg)gipl]li amine é_hat has a log P va ude 0 great;{;. an
about 1.0 at phySiologicar prr B TR et SRS i aTieS t‘I’fé“ll}%p io .
aminé Fag ARy iovaleietet it envaiout Banth aliotkB.ay YNGRl
pH. Inan aspeotaftihe:pkasens IvEoRSOMBAMPadmenis ofthe . o,

i itions are physically and chemically stable to ,
o B Sath ot CHERR G P e A SsmbleoLotrase

autodiXinBeby Yeiae ratirscohabBiuto 5 4 Pl ap TR AR oM L5,
minusestindaramnpgHoalMRSRRGIE P 9&@5&%}%@5“@% oSN
[ I ti0.of haFmaceuticaI ager%fﬁt% phospho |p|8c preseﬁtrﬁ?rfhg‘
L R
|Ohogﬁhﬂfﬁq&é’%@m?msﬁd}b@@mtﬂ\ﬁm ﬂ?@”ﬂ@fﬁﬂﬂic amine does not
ubmpbsitionty abiRgIpesasit MeRHQN el CAHIROSIUONS.Of INe PIFSEL
inventiqn, the percent encapsulation of %rug in the liposome tOMPOSi
may be S?Jbst'antially stable over a period of at least 20_months. Also
compositions of the present invention may be substantially chemically -
stab% %’éé‘?‘l&%& ARESPLIIR REPH i dipes b elenvin grdnineeiliptheme
amo&ﬁ?ﬁ?@i@?ﬁ)@pﬁdﬁmdngmmdmr@ageduql&&ngg{gg)&%g};@%zqg)
oxidationaby QIR akHYs %I(Wr?at%{é‘é’se PN OerxeSIH‘c]a%ne ¢ O\]/{%’g)id; (c) at
riqd of at least 20 months. In Some autoc aveéncompo itfo1TEP
lgﬁwoqfﬁ%qo‘?“ﬁ egé’ﬁﬁaocﬁﬁti‘&a BET St rleagePisHo racmaniatdd GuttBriigimingds,
liposBith&rEsnsplositd frave in pbpiptitit aﬁﬂ&%ﬁlﬂﬂaﬁﬂiﬁlﬁﬂ%éﬂl{lﬁW&S GecdBtable
iti e invention, the lipaphilic amine
ocs ot 10 e o ot e e A R et ), e o
oe%rglbgamc %I?Laéﬂfg Q}S/)ta pgarmaceu%c’aﬂy acceptable organic acid salt of a lipophilic

over a perio _ .
amime, and optionally a pharmaceutically acceptable acid comprising a

20 pharmaceutically acceptable organic acid; wherein the composition is autoclaved, in
some embodiments under an inert atmosphere, and wherein the quantity of the
pharmaceutically acceptable acid present in the composition is such that the pH of the
liposome composition is less than or approximately equal to the pK, of the amino

group of the pharmaceutically active lipophilic amine.

25 Inyet another aspect of the present invention are provided a method for producing the
stable liposome compositions of the present invention for delivering a pharmaceutical
agent, the method comprising the steps of: (a) providing a suitable aqueous medium;
(b) providing a suitable phospholipid; (c) providing at Jeast one pharmaceutical agent
being capable of being at least partially encapsulated in the liposomes, and being

30  selected from (i) a lipophilic amine and a pharmaceutically acceptable acid, wherein
the pharmaceutically acceptable acid is selected from an orgamic or inorganic acid,

and (if) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and



20 months. In yet another aspect of the present invention is provided

sterile and stable liposome compositions for delivering a pharmaceutical
agent, the compositions comprising: (a) a suitable aqueous medium; (b)
liposomes formed from a suitable phospholipid; (c) at 15 least one
pharmaceutical agent being at least partially encapsulated in the
liposomt@sialgna bﬁim@ﬁ@iﬁfdﬁdjfrm@b@eligg@h@@mg% and ﬁarmaceuﬁcauy
pharmag UféaUyg%‘%&%E’%éb'jm%%d I\{\(/htereinth(? pharmace.utic:;}l3 y _
acceptable acid is selected from o BPGANTE O INBPgLRe Rl Afran@la acid
pharREcBl i SR opegitanie srddhi¢ teipFeltiofiadpophilitpasmioeisand than
optionaliyauphaimaseitioa . 38centabIe AR AAPRITRY AR couticatty acive
pgarmm%cag}%gce@abée grganic tC|d; wherein the composition _|s_Y
autoclaved, in someé enmbodiments under A& JEBEPhepboshelipid  and
wher8hPHEHtisHhisesttHe Srarnibeelineathe acoepoaitienacidipresesyitibhally
the compositionsisuatpiabia:k ofiRalPaSRMS CAUROSIIONISIEss .

than gr.apREoX IS ual tg the ply, of the amino groupoﬁ'he
AlABRIRNIMAEY SIS Bl

pharmaceutically active Tipophilic amie. 25 In yet another aspect of the
presgnt i&vg&%)n are pro iﬁgd a method for producing the stable

liposome compositions Of tHe BrESBhiRiE iRt ToreNetod by gerile and stable
b&arﬁ%@%?ﬂcﬂ?m@gémmhef ntistheesounipristitg, theisteps ofnéad PEHdING @
suitaBiecaehe OhE G o) PIRYIGING 3 SHitable Phospholipid; (¢) .
providing at leaabse;[n one haomac E%cal aggritég%ir?geg %aéblfogf%l?gﬁ%"é‘lg and
least partially encéJS%au LEQ9rHE TisteBaheltaldhs sompodtnsictiedirog in
(i)h a M5Bi5Ri ﬁé%{;h;#f’élw %oghmﬁamahmaﬂ?gjﬁgepmbge aGioWhalsiN dhent
pharetagenticalbsaesapt WOk elgste an_organic. ar inprganic
acid, ;and (i) n%igatfg{éﬂgalceuticgﬂ agiiegtgble oe{rggagnlllé %loé}%%a% g‘?‘é’% amme
lipophilic amine, an gg‘bs[i%nna PR Sembee tifsa e abepabibyarsitht; (iv)
comﬁr?éﬁ‘ig)%fmﬁ%@%nﬁééﬂlygamm@ (Organinacis iWARIBIA AHAAIY 2.
of theiphasnacesticaty-agseptalle agid, nesein b %’@@%“}&&ﬁﬁds for

suchﬂm fdlof the l’éﬁ some Comgosition is less tha
approximateﬁgetfﬁ%? o) 62666?8?% 4PRIMS group of the
pharmaceetuticatq% active 5 lipophilic amine; (d) combining the aqueous

m edlums,’ pha()nsop (r)"%%e(étn § the present invention are provided stable liposome
20 compositions when prepared by the methods disclosed herein.

In yet another aspect of the present invention are provided stable and sterilized

liposome compositions when prepared by the methods disclosed herein.

In yet another aspect of the present invention is provided a method of increasing the
| stability of liposome compositions, said method comprising the steps of: (a)
25  providing a suitable aqueous medium; (b) providing a suitable phospholipid; (c)
providing at _Ieast one pharmaceutical agent being capable of being at least partially
encapsulated in the liposomes, and being selected from: (i) a lipophilic amine and a
pharmaceutically acceptable acid, wherein the pharmaceutically acceptable acid is
selected from an organic or inorganic acid, and (ii) a pharmaceutically acceptable
30 organic acid salt of a lipophilic amine, and optionally a pharmaceutically acceptable

acid comprising a pharmaceutically acceptable organic acid; wherein quantity of the



pharmaceutical agent to form the liposome composition; and (e) optionally
autoclaving said composition. In an important aspect of the present
invention, the method includes the step of autoclaving. In yet another
aspect of the present invention.are provided the sterile and stable 10
liposome compositions of the present invention, exhibiting one or more of

th [ cs over a period of at least one year upon
g S B U R ob A S P he

HPﬁé%?ﬁ%ﬁOWP%méqss Percentappreapsatatjorgofine Merethast akokhine
50/gr(§ﬁ)) %PWG%%Q&&EEW@&&QWH‘B%@I more than about 1076 bgueouo

v welght (iii) a change in contéent of lipophilic amine 15‘6 SR ERERiE
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Bh?fwaﬂfémgﬁﬁ%“?ﬁﬁ?’éwléﬂ@m g Vinogie( isniosition;

|acdn@(émma¢m@f sisilgagareantessaRd (¥ )-achangs ei‘ﬂel%%e'go glan; g o

parti(;e Sxfégnsd'%m eter ?é ﬁ more than about 10% as determine Ica
Methods for- determiniiy tHE e BRRHEaNS EiE Hféi'éi‘l’é%ﬂbgéilﬁwt)m%)émve 10 the
arﬂi@l’qértagpettoowwelqum@ent invention are provided stable liposome 20

compositions when prepared by the methods disclosed herein. In yet

‘ al‘i@ﬂ?e't’ BEARST AHHIE AraRCHlUME MR GE R Bfﬂgﬁﬂgﬁa@ﬁé é{% ? gﬂ%%/mg a

som %i) P% ositions when prepared by the'metho hereir:
In%/eatsgﬁg 2 PR0MG BrmRashiendhe meBrdsemrpiiviéd a nréthod ot (a)

inproailing mepsmmmﬂ@mmmemn@%tmnﬁ@%ﬁ%@f EOSRRYHOGD,

th ﬁ@% 2 rovdln |tabea ueous medium; (n prowdln a
sugl‘{table p%@%ﬁ%ﬁp.g § prov?ldlng a?}Ieag taoﬁtt?rﬁha%é’@é‘ﬁﬁ %‘émnnng the

bar§CAsine ofisaiFigrati(e 43t gfattialipennapsoiapesiinihqdipeaeiasng the
al’lﬂjbéﬂﬂﬁ s6esssd droma )QQQQ@@%&/%HIE\)OQP ge?w?e%?é au??%gga l%d about

table acid, wherein the pharmaceutically accepta id 18
?CQQ%&! ?Fo%h"&h% é?ﬁé%?%&r&a}% ABicontisalli) detsrminiac dutioally median

aaheptahied@ﬂﬂ) rgame aeid fe'ﬁiaﬁﬁ@ghﬁﬁlﬁ@”ﬁbﬁmgf and ﬁﬁ&'&ﬁ?&! ¥&hmposition

prk%m%%eé#mal ce Iabl g{, i comprising

pharnacedi caﬁy accep é’r’ﬂé Rdshie™g Tfl) %W@?@ﬁﬁ%%%ﬁ?%ﬁﬁ@ mass median

phismeice dtitally-hwoefstabiolaisin preseatiitfiheicarpasitionis sighdingtor o

th@eﬁﬁ&ﬂ&&'ﬂ@n wherein the phase stable liposome composition is identified as such if
the composition has a ratio in step (g) of about 0.6 or greater, in some embodiments,

0.8 or greater. In a preferred embodiment, the comp031t10n is autoclaved prior to
centrifugation.

The compositions of the present invention are particularly suited to pulmonary
delivery of pharmaceutical products. In some embodiments of the invention the
composition further comprises at least one of cholesterol and ethanol. In some

embodiments of the invention, the compositions are stable to autoclaving,

. One advantage of the present invention is that the compositions are stable and do not
fuse, separate out, precipitate, agglomerate or gellify upon storage. They therefore
remain homogeneous compositions for at least a week and often much longer, in some
embodiments, for more than 12 months, or more than 18 months, or more than two

years even. The shelf-life of such compositions is therefore increased. Further, this
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liposmne composition is less than or approximately equal to the pIC, of

the amine group of the pharmaceutically active lipophilic amine; (d)
combining the agueous medium, phospholipid and pharmaceutical agent

to form the. liposome composition; 5 and (e) autoclaving said liposome
composition at conditions effective to sterilize said compositions, thereby
affording co gositions with increased stability relative to the stability prior

to ag{? g‘é’\)han% 55 VR A BRmEioRgdckeBr terpradaitinventiomisdorovidechquire
mettodighitentfiinganphase siakiedigasams, composition, the method
compri sing the steps of: (a) 10 providing a liposome composition
coptain rmaceutical agent, phospholipid, agqueous solution, and
optio?;él{'i:{?l%/geg%’rli%{laﬁé:)Igfg{%%ﬁijéI sc'tfgréﬁ;% (t?)Iro%%cg?ﬁ/mélg?{el?%iﬂ?ﬁ%&ﬁeﬁ}ﬁaggﬁ?%ﬁiaﬁ?" a
diBRIERACEBCs] B ey W depmdaliom phdltoierio) lasortifu gingetheb ifoseptanded
copapestigiataigrioreROhRlVEE N ARALD 1.1000g and
abogl& SOOO%, at gnkff))fjt 4C aé{or about 2 hoqrs;?(%ﬁ){%%i)r%it?g%/qgggg%%ﬁ?ﬁngp
mass hBGIAA 1B AR IR Bt o Ahipsrraeing i dipdribmohehetical

“mm%@w& |mm$i_ti0busiphmﬁoﬁna]tﬁ[é§%nﬂgf_ ﬂﬁaﬂ%ﬂt d(gﬂéﬁaﬂ Fggngﬁtlﬁions is not
c r mass, medi meter d(0.5) value of the
solution %%el}%c,e%%r%g%éﬁgﬁt t%r?ﬁg 0 ?es %%Fﬁj%ﬁeﬁ?i@ttet cfeaftAlyamsfilling.
wHeteirPhsespridde Segsriposonseiiompeisitiomissideritifiadias sueiill dhfent
CamPesHtign hiawaratiainSenB);8habout 08,01 greater, in som

eénﬂlgigdi ents, 20 6.8 or greater. Iﬁ a&prggéirsre_ﬁlfe%r%b%a?mglﬁt,sﬁ%e "bateh Also,
cORTPBLH I RIS AR Preofina! sbamRsgation. contnmompasiticng dfdhase
presiiet phuandiamitie [Fartiallaslys seitec ?r&éﬁ@%@éﬁ(ﬁ&?%ﬁ%é)ﬁnﬁm uniform
pl’?&@%&‘ét'\?@l 0rsoedut(]?ltesr.dljn some embodiments of the invention, the
composition further comprises QYRS BRRFOYhSricte Birathe cwtens!. without
SORGEITIE: el Oliimestenb iy ihedwtitiny, toenposnpesiHionsBrasstabigstohay be
ayaakayl gg%ﬁgé/%ga 0 resent inyention. is that the
cgﬁgositi_o%s are stable a%gr d%%%fﬁ@é‘f%%pﬁ@%% %Bﬁsﬁ?éeciﬁ?fﬂf@}ﬂated drug
a§GIBRoEIRBSHIGERFFndHH theinise: mssipiliordfre prtiviimay receive too high
hamagengotis comprsitionstar abigaglawgek ango ch longer, i

sqme e bodim%n%s, for.more thla)m 12 months, or mo%?’?rr\g%wylsg rlﬁ%nehso,? the
of nl_’l%lr eat Oanh ?\/IV(t) at a patient may be under-dosed if the sample is taken from a less

dense layer, or the patient may receive no effective dose if the sample is withdrawn

ﬁisletmns

from a clear supernatant. The present invention provides compositions and methods

that afford confidence in dose to dose reproducibility.

The compositions of the present invention do not require chemical additives in order
to be stable. Liposomes of the mvention comprise a lipophilic amine and an acid, such
as an organic acid, wherein the acid is present in a concentration such that the pH of
the liposome composition is about equal to or less than the pK. value of the amino
group of the lipophilic amine, provided that the pH of the final solution does not
compromise the chemical stability of the liposome compositions, typically seen below
about pH 4. Being at a pH that is about equal to or less than the pK, ensures that at
least a substantial portion of the liﬁophilic amine is positively charged in the liposome
compositions. In one aspect of the invention, the pharmaceutical agent comprises a
lipophlic amine and an organic acid as a counter-ion, for example, fentay! citrate. This

may be provided in the compositions by combining free base fentanyl dissolved in an

1t



5

10

15

20

25

30

30 years even. The shelf-life of such compositions is therefore increased.
Further, this 10 allows unit doses to be apportioned from a larger batch
evenly and does not require reconstitution of the composition prior to
allocation. Extended phase stability is one of the formulation features that
provides for a pharmaceutically relevant formulation. If the formulation is

phassstaigsforsxiende i Ime.it provides numerous .
advanta %(?i. Phase stablgﬁ%ggo%?%%%%%%%ﬁgﬁs %%tﬁs%e BYLSSR ARG the
L SHETOREPHIG FRBEESS BIRHEalasHurientouyont apsepidkaonSmonning
mofehrobustnaie diniahfiking:ofitheyphar g Q%‘ef&ﬁﬂ%@ﬁio??g ot fontany]
] .

co&gga%in%% ttz)&; concerns that product will settle or separate Betore
during ing. AISS. phA%E SLRIB ISk RERe st thdhorpsmatation of

infentionsprovidegmstiots] Grusiacmitytheteeen sifeRNLANMUALYIAS, aga

fillgghfiemithe,same fateh, Alsg, individual samplings from the final
pharmaceutical container goﬁﬁtgliﬁ?nas thcégé%gg TstPag}@ pHEAPAEetdR|order to

foffAtAfSnEb P pHeserminemiionitioilkbe moelunifEr BafieREREede:l to or
dasgowhieshiy, Riowis ipgiim e patient, without requiring
that sggdjg?i%zat fully shake %ﬁ%ﬁ%ﬁéﬁ prloarBtlcl)n Gigao %SM%S REEOf the
patticorany % JR I frlevetPpaidhtd, Ivthedipdsorvel stability of the
ercapmsitited drugpicatypesiiptehase g8 i€ ' ssibility.
thata Hatie mqya%gg‘i/veigo%h alﬁcéoiﬁ?%ﬁe sgrah%%i%%geoﬁ%ﬁ%ﬁ ’ttf}%gwC a
more dense layer or SedimeRPLAHE oy Bzl for e atentiniaydeé for
uriEBFTEEEIPT the Batinpleiistakemfoom dhletsk GERRR aYRts QEBENANSAL the
ménehaegivgde effective dose if the sample is withdrawn 20 from a clear
supernatant. The present invention provides compositions and methods
thﬁteﬁ@c{ﬁlﬁ%@d%’{ e in dose to dose reproducibility. The compositions of

i0

the present invention 80 1ot PAGTeLHBAEasemaievERdsitrearadusther stable

Sﬁ?@’ ipdorings dm@hﬁﬂgnﬁomamnnﬂse@egm@emﬂsaﬂ%%ﬁ% of the
agidestiGh RSALOTGR ic acid, wherein the acid is presentina_ _
concfentratlon'such %18.% tze pg}_ﬂ]%(?gg t??g?%gséﬁgo&\%%‘?ﬁoﬁj@%ﬁoﬁwamn»
eaﬁfaﬂ%*?l&égq?thmmw thieveufoiniar gnoli eiitlee ARORNIN £higher
aﬂmp,emi@p&d%éhatﬁ%&lﬁk&fe}hﬁé'%iﬁglu{ﬁoglggﬁgvgoﬁposome compositions
obviates the need to add preservatives or bacteriostatic agents which are generally

undesirable, particularly for pulmonary formulations.

According to a further aspect of the invention, a method for using the liposomal

compositions as a medicament is provided.

According to a further aspect of the invention, the stable liposomal compositions are
included in packaged pharmaceuticals and kits along with a device for use in

pulmonary delivery of therapeutic agents that is capable of generating aqueous

acrosol droplets of the stable liposome compositions,

In another aspect of the present invention is a stable liposome composition and a

method for the production thereof, and use thereof, wherein the phospholipid
comprises phosphatidylcholine.
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compromise the chemical stability of the liposome compositions, typically
seen below about pH 4. Being at a pH that is about equal to or less than
the pKa ensures that at least a substantial portion of the hpophilic amine
is positively charged in the liposome 30 compositions. In one aspect of the
invention, the pharmaceutical agent comprises a lipophlic amine and an
organic acid as a counter-ion, for example, fentayl citrate. This may be
provided in the compositions by combining free base fentanyl dissolved in
an |l ethanol phas8tiki e BET HOah QEUSsIDBLEvENRE the phases,
along with the other components are combined together to afford fentanyl
citrate within the meaning of the present invention. Alternatively, for
exasptenthetlzalféarmeod ik drogrismntanyl bt asoienip i fant @ iowing

bejeamunarcially: pyichased d.in the preparation of 5 the liposome
compositions. n'some instarr%g%%?% r%salflmgig SR PSGES sy g wherein:

acﬁitio&a{ al[p)ountst an acid, such as citric acid, to the compositions in
ordét to adjusCtRE T STIHLA O i ieBhinestipHscamrdiitidna pid thatrisults

atsduthsquisid enabeiovothphpRa afitiempraime s ofie ABORNS 1vine the
a%&;ﬁgﬁged that the pH of the liposome solutions is not below a%ou%

pH 4, where ¢hemical stability of the 10 compositions is typically

cqr é)lﬂ_s%d. The ability to stabilize liposomes without a further chemical
additive ISS[S]gmscﬁW@@%ﬁf@?ﬁ?@@ﬁ?ﬁ%iﬂ@h@ﬁﬁ@h@d@fmome preparation of
adhamistratiGnvtaiéopabnieingg Ve HREDRR ! PLIBEBIRGR poration that

re&ﬂg@ga;rgﬁpowﬁécggrggg 1(I) I:ilddc%tive. In embodiments of the pres

invention, the lpoSGME: compostisREard FigeBiable 15 upon
alétpclaving. The ability to autoclave the liposomal compositions of the
inVETHIS oAb s Rl s yirbEiRo afto lstebili dip tnerfeshuslations ik Re amine
filpladiomcatitag ayahlediRORag.R0 itigng, witl allow for Iarger, .

PR %&A%Vatmn @(«; B3l the

Ii%QasDo es and thus a highey. drug encapsulation. Furthermo
to au%gzzzfg%(f%%%s%fsrﬁaél% §sTHEHE Bhiafesnnsihersdatoraliction of pH (Fig.

pfBervatives or bacteriostatic agents which are generally 20 undesirable,
particularly for pulmonary formulations. According to a further aspect of

thieigaventiahod Mmethew fentsing the Uggm%osome preparations, the pH, the

particle size (d(0.5.)) before and after autoclaving, and the phase stability index before
and after autoclaving;

Figare 5 shows a graph illustrating the relationship between pH after autoclaving

versus pH before autoclaving for liposome compositions of the present invention;

Figure 6 shows a graph plotting the % change in phosphatidylcholine content after

autoclaving for various liposome compositions compared to the phosphatidylcholine
content before autoclaving, as a function of pH;

Figure 7 shows a graph plotting the change in particle size distribution after
autoclaving of various liposome compositions relative to the particle size distribution

of the compositions before autoclaving as a function of pH;
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compositions as a medicament is provided. According to a further aspect
of the invention, the stable liposomal compositions are included in
packaged pharmaceuticals and kits along with a device for use in 25
pulmonary delivery of therapeutic agents that is capable of generating
agueous aerosol droplets of the stable liposome compositions. In another

aspReiref hesresantIRYeRion 2 siakle linosome composition and a
method for the p_rodugtion %ﬁ%rlﬂeof, and uste%%wejﬁé)é)fs,%ﬁe QiAnRLon, a liposome

ph%oszﬁqll(%)sﬁ%% %fﬁ%ﬁg%%%my%@ﬂﬁ@ 8612 Biebame composition of the
DESESRIRT N fodiddi RAWINGS These and other features of the
invention will become more apparent in the following 5 detailed

deggription g yhich reference is made. to the appended drawings wherein:
F?Qﬁge I shows a table suorﬁrr‘(f%%hriz(?rrz?ga'vz1 10U BRI LI Jssimen it ediate
th&'%#Bdilks of the visual analysis of phase stability both before and after

autoclaving the compositions; Figure 2 shows a comparison of
apfiearante chavphasesiableiipasome PpERQS a&'@ﬂiﬁ{y 191(5@}? RIESED tfeitltanyI

inygation.(Ei 2a) with the appearance of a liposome preparation tha
separ%tes foﬁgvgﬁ?rl@%%%grsa iglrll%glﬁ’& SitHgE ergindarierigure 3 shows

thﬁ. hase stability of placebo liposomes lacking a lipophilic amine
phardcilitadyentasla RetiubAbs! phisst tebftmabation(Figs 38)RRfions

theorstaiiliz fegrefie o Th@ubipopbilic AMRE.OLF positions as a
function of pH (Fig, 15 3b); Figure 4 shows aﬁ?ﬁ?é%%}u%lrﬂ(é?y Ofvarious

lingsame Pepaat SR q?le article size (d(0.5.)) before and after
autoclaving, and th%p?%a%é) sta%l it m?jsgxségfg% i éﬁpﬁﬁﬁ’é’élﬁmﬂﬁons
FifIYE B heRdansdremniifistrathgtndiretttionsibif he e Rimiter
autoclaving 20 versus pH before autoclaving for liposome compositions of
th@ﬂ&?@ ishvemtion; graph potting the phase stability index of the liposome
compositions containing ondansetron of Figure 12, as a function of pH, post-

autoclaving;

Figure 14 shows a graph plotting the phase stability index of the liposome
compositions containing ondansetron of Figure 4, as a function of pH, pre-

autoclaving, and excluding formulations containing palmitic acid as the organic acid

and formulations with 2.4 mmol ondansetror;

Figure 15 shows a graph potting the phase stability index of the liposome
compositions containing ondansetron of Figure 14 as a function of pH, post-

autoclaving; and excluding formulations containing palmitic acid as the organic acid

and formulations with 2.4 mmol ondansetron;

Figure 16 shows a graph plotiing the phase stability of the liposome compositions
containing sumatriptan of Figure 4, as a function of pH, pre-autoclaving;

Figure 17 shows a graph potting the phase stability index of the liposome
compositions  containing sumatriptan of Figure 16, as a function of pH, post-

autoclaving;
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Figure 6 shows a graph plotting the % change in phosphatidylchol ne
content after autoclaving for various liposome compositions cqmpared to
the phosphatidylcholine content before autoclaving, as a fun_ct|9n qf pH;
Figure 7 shows a graph plotting the change in part_lcle size c_ilstrlbutlon
after 25 autoclaving of various liposome compositions relative to the

' [ istriution.of t tions before. autoclaving as a
Pl 16 R o g O O R o OS82 psome
lip S¥BROE A S HEHDE. MEesddpresensposifiauhavings niefimeiater p, pre-
stadnibityadng a stable liposonne composition of t_he present invention,
respectively; Figure 9 shows a photograph of a liposome compaosition

hayipgrintesmegiate .5 ility: Figure 10 shows a graph plotting the
pﬁgigegrsg':ag?lity indgeexaofgt}r%é%fe t5h tc%m%%?ﬁioﬁgb Wigﬁ?é}ﬂz%fs the liposome
fuliEEBAHIRE corsEminachaothiprFigarac1df dhiguie @ §raph: FRSiAeHRE pr, post-
phasecsiahiity index of the compositions containing fentanyl of Figure 1 :
as a function of pH, post-autoclaving; 10 Figure 12 shows a graph plotting

the phase stabiljty.i | compasitions containing o
ondgnsetron of %ﬁ%ﬁ@%ﬁ%ﬁ%ﬁ'& ﬁ?&%&%@?&lg-me 13
shows a graph potting the phase stability ir)dex of the Ilposomg:-

co %ﬁsifgc[ﬁ?&%ﬁ?ﬁﬁﬁgt&ﬁ)dm oPFifireiedilasie: fenctian of prbvide a
PO e iabingintfigne LSRN RUIARD OO e RISE B hiion
ing[%, Qg é@gc{ilgogon%ﬁo 1gztcigwgosmo‘ns gontalnlng o_ndanse ron ot Figure 4,

as a‘function o pf—‘ﬁ pre- i 881’5\9’[%, Sﬁﬁsexcludlng formglatlons

cQ tainir;gapalmitic acid as the organic acid and formulations with 2.4

m

SRR ef 8t IRsERE inBestowera Graph poitingsi /NBGRIS PN Rérics of
insiepsofithendipls o endS-4e5APASIIANS LANAINHY ‘ogdgsr;fgg%% %%E'gg%% be
14 géoraﬂfgggion cﬁ) %FI post- autoclaving; and excluding tormula .
cajntamlng pafiitic & G thMsrgarse dsanethods may be performed alone, or in

conjunction with other procedures and treatments administered before, during or after

such methods and steps set forth herein without departing from the scope and spirit of
the invention.

Liposome Compositions Components

The present invention provides liposome compositions that have a pharmaceutical
agent incorporated in the liposomes and are phase stable for an extended period of
time. Liposomes compositiogs of the present invention comprise a lipophilic amine
and an acid, such as an organic acid, wherein the acid is present in a concentration
such that the pH of the liposome composition is about equal to or less than the pK‘a
value of the amino group of the lipophilic amine, provided that the pH of the final
solution does not compromise the chemical stability of the liposome compositions,
typically seen below about pH 4. Being at a pH that is about equal to or less than the
pK. ensures that at least a substantial portion of the lipophilic amine is positivety
charged in the liposome compositions. In some embodiments of the invention, the
pharmaceutical agent may already be a salt of a lipophilic amine and an acceptable

acid, preferably an organic acid. Compositions according to the invention are phase

e
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and formulations with 2.4 mmol ondansetron; Figure 16 shows a. graph
plotting the phase stability of the liposome compositions containing
sumatriptan of Figure 4, as a function of pH, pre-autoclaving; 25 Figure 17
shows a graph potting the phase stability index of the liposome
compositions containing sumatriptan of Figure 16, as a function of pH,
in9;-14 Figure 18 shows a graph plotting the phase stability
o e g e o LR Wi dor st ety
4.8 ¥R EtBAref pH, pre- autoclaving; Figure 19 shows a graph potting
the phase stability index of the liposome 5 compositions containing
prochdorperazidaehisigteeyi8nasaflwaction,of t- ving.
deseription, numerous apecific AN Srd DA ity privisimay ropovigied in
urtiieFomndsiipof e imvignticnidddasy Emiingl Wnaerstacd dhakithe) phase, with

ingRYar;dLA AR AIRGHEed wiauihese speciic detalle, The methods

of the present invention are claimed a desribed

stéEPIpEhdatbe. ihdefed demenytheiseimaetiibils hacrasseeiatad Biepsesent

My dagi ope AArENRHVIANIogHG ﬁ{p@éd% epVver, methods may. be
p gf%rried tzlgllone, or Lr?conjunctjon Witf?'(\)ét%erﬁ gﬁl)ccgjﬁlreegrgﬁﬁr%a %bﬁ't‘gh as
agrﬁln?/stec%eal%e%ar}é, GuriTErsT Ry Pchasednathised andistepspsationtof the

vhmmmmmmm@fﬁmmﬁmﬁﬁﬁﬁyﬁmm&l} {nvention:q additional

Linas itj Components The present invention provides
Iiposo&n?e@(?%rgngp:%g% oéﬁ(sr?ﬁ{ﬁsétc lhag/gcégp AR ARACTRRsI s & Ofdeb tp Srlitsti e PHL
e ipo boriesanarapesiivascts aiftedor s txtendsshpedion ofoRBdBRChe bk,
Liposemesicomeasitigngof; SEM inventi mprjse a_ lipophilic

amine and an rggdﬁ such as%%r? kc%%]eanlc ég;:igfov\\]/’f%;él”(r{é?lﬁatﬁ%‘% ?E} iggp?gséﬁf)?ﬁme
aSéJlO\r{lf]] &(g?ﬁ'lét?é)ﬁ below about pH 4, where chemical stability of the compositions may

be comprised.

Liposome compositions of the present invention contain liposomes formed by closed
bilayers of phospholipids. Suitable phospholipids for forming liposomes intended to
deliver pharmaceuﬁoal agents are known in the art and include, but are not Limited fo,
phosphatidic acid (PA) and phosphatidyl glycerol (PG), phosphatidylcholine (PC),
phosphatidylethanolamine (PE), phosphatidylinositol (PI), phosphatidylserine (PS),
plasmalogens, and sphingomyelin (SM). The lipids used to form the liposome
compositions of the present invention may be either charged or neutral. In one
embodiment, liposomes formed from phosphatidylcholine are preferred since they
generally are more benign when administered to a patient and pharmaceutical agents

often incorporate better into neutral phospholipids. In another embodiment, positively

charged liposomes are desirous.

Sterols such as cholestero! are routingly added to liposome compositions to increase
stability of the liposomes and promote incorporation of the liposomes into a living
environment. The term “cholesterol” is intended to encomlﬁass cholesterol derivatives
such as: (3-hydroxy-5,6-cholestene) and related analogs, such as 3-amino-5,6-

cholestene and 5,6-cholestene; cholestane, cholestanol and related analogs, such as 3-
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Ciprofloxacin Formoterol Methylergonovine Phenylephrine Tolazoline
Citalopram Glipizide Methylphenidate Pimozide . Trandolapril
Clomiphene Haloperidol Methylsergide Pinolo} Trazodone
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phosphatidylserine (PS), plasmalogens, and sphingomyelin (SM). The
lipids used to form the liposome compositions of the present invention
may be either charged or neutral. In one embodiment, liposomes formed
from phosphatidylcholine are preferred since they generally are more
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lipop Rl Shviinds SRR JEHeR e lasPLipbshilfcldfimed pfdtiorperazine
prebmhtlinvehisoh vafer 40 1golecules that consist of an 10 organic solvent
soluble (lipoplnlic moiety) as well as an amine moiety that carries a

pasitvg eherogatphysiglegicalpd, Suitable hpohilic amines of the _
present invention "have %%%gﬁivly‘gl%#ggdag%ﬁ?b gnr%ﬁ%u%?/aj SECpRieble acid.
rar YO st B Sreaic suithisier phvs raaisLindlingiertstnelude dbuihich

aretniot linitecisgitae tataingsAcattalglildigeqdeing Isg aterenal -
Ngio ggf%%ﬁypcg? gﬁ?@rquge undesirable. Examples of include but are not limited t
0
acetic acid, ascorbic acid, aspartic acid, benzoic acid, butyric acid, carbonic acid,
caproic acid, citric acid, cinnamic acid, decanoic acid, enathic acid, fumaric acid,
furoic acid, gluconic acid, glucuronic acid, glutamic acid, glyceric acid, hippuric acid,
hydrochloric acid, lactic acid, lactobionic acid, mandelic acid, malic acid, maleic acid,
methanesulfonic acid, myristic acid, oleic acid, oxalic acid, palmitic acid, pivalic acid,
picolinic acid, phosphoric acid, propionic acid, succinic acid, salicylic acid, stearic

acid, sulfuric acid, tartaric acid, undecylic acid and valeric acid.

Liposome compositions used to deliver a pharmaceutical agent preferably have a pH
that would be physiologically tolerated by the patient. For example, for inhaled
compositions, the pH of lung tissue is reported to be from 6.8 to 6.9. The pH of the
liposome compositions of the present invention typically have a value of between
about pH 4 and about pH 8. In one embodiment, such as in one embodiment where
the compositions are autoclaved, the pH of the liposome compositions of the present
invention is between about pH 4 and about pH 7. In another embodiment, such as
where the compositions are autoclaved, the pH of the liposome compositions of the
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Ethanol routinely forms part of liposome compositions, particulaﬁy where ethanol is
used to prepare the liposomes by routine methods. Alternatives are available, but are
limited to those that do not possess unwanted toxicities or are not known to be initant‘
upon inhalation. Suitable alternatives are glycols and glycerols that meet such
requirement. The content of ethanol that may be present in liposome compositions of
the present invention can be any which vield the stable liposome compositions of the
present invention. In one embodiment, the concentration of ethano] is between about
2.5% and 10 % of the total volume of the liposome compositions. Compositions with
ethanol greater than 10% of the volume are also within the context of the present
invention, althongh as concentrations approach or exceed 15% of the total volume,

such as at 20%, the quality of the liposome parﬁcles formed begins to be
compromised.

The aqueous medium of the present invention can be any physiologically acceptable
aqueous solution such as buffers or water which do not interfere with the formation of
the derived liposome compositions. In one embodiment, the buffer comprises a low
ionic strength buffer. It has been shown that for buffers, a sufficiently low ionic
strength buffer should be used so as to not effect the efficiency the formed liposomes

to encapsulate the pharmaceutical agent. In a preferred embodiment, the agueous

solution is water.
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fumaric acid,
The liposome compositions in the following specific examples were prepared by
mixing an ethanolic phase with an aqueous phase. The ethanolic phase comprised
ethanol, the pharmaceutical agent, phosphatidylcholine, and cholesterol. The
pharmaceutical agent was selected from a group of drugs consisting of lipophilic
amines. The aqueous phase comprised water for injection and a negative counter-ion
to the amine provided by an acid. In cases where the pharmaceutical agent is a salt of
a lipophilic amine and an acid, the aqueous phase comprised water for injection. In
some embodiments, the acid comprises a hydrophobic acid, and this can be added to
the ethanolic phase, which is subsequently mixed with the aqueous phase. This may
be useful in the preparation of liposome compositions of lipophilic amines with a

desired acid, where the amine is not available as the salt form thereof.

The aqueous phase could comprise an additional amount of acid that does not affect
phase stability. Both phases before mixing are heated to a temperature of about 56 to
60 degrees centigrade. For small scale preparations of less than 1 litre in volume, the
two phases are mixed and placed on an environmental shaker at 75-80 RPM.
Liposomal vesicles are formed and the mixture is shaken for a further 10 minutes at

56-60 degrees centigrade. The mixture is then removed from the shaker and allowed
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is used to prepare the liposomes by routine methods. Alternatives are
avaitabiksy odfareulatmtaciodbese thatdal nelpas SRR LAWRARIRM dRMiRilies s
Ol ROt KARWN 10 be igtitant Figures 1 and 4 in order to illustrate the present

invention.

A variety of batch sizes have been prepared using this method, including batches
having a total volume of liposome composition as small as 30 ml, as well as larger
batches of 1, 2.5, 5 and 15 litres as described in Example 4, below. Liposome
compositions prepared in both small and large volumes have been found to be
suitably stable over time. Studies of liposome compositions made in batches between
1 and 15 litres have been shown to have comparable chemical and physical stability,

mass median diameter of liposome particles, and comparable percent encapsulation of

the active ingredient.

The pharmaceutical composition of this invention may be administered in numerous
ways, including via inhalation through the pulmonary system, topically, parenterally
and the like. The compositions may include ophthalmic dosage forms, and injectable

dosage forms, and may include medical diagnostic products.
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15 upon inhalation, Suitable alternatives are glycols and glycerols that
meet such requirement. The content of ethanol that may be present in
liposome compositions of the present invention can be any which yield
the stable liposome compositions of the present invention. In one
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typicaly:AcceHRRo_far Q.01 - 0.1% of tiz}e 0 ?%ivolume of the composition.
Adgﬂ?’onal compo%e igyt l%%r%%%/(bg EYs d%#’ Bhe compositions of the

prlgset%t?invention #nclude only those th‘gt do not effect the phase stability
lipoSdHFPEEIRoLBR SreTat dnsrabgre ol e binmsravaisemhesitobsisme dwse in

ofvlzhiylgcblll&pi);cm Bp@om@felﬁ!ﬁ&%mbydgﬁﬁmhgﬂei%ﬁm%ﬁ&% I&Rﬂ?&%aﬁn
e j a pharmaceutical agent including an acid, a phospholipid, an
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Lipbsarmectanigd sitindaiawifohthudetdraiahdibythose skilled in the art

that liposome suspensions of the
The term “physical stability” of the liposome compositions as used herein refers to the

absence of significant changes in characteristics of the liposomes, such as liposome
size (expressed as the mass median diameter d(0.5)), ratio of encapsulated to free drug
in the composition, sedimentation, aggregation, or light scattering properties of the

compositions over the storage time.

As used herein, the term “particle size distribution” or “PSD” refers to the particle
size distribution in a liposomal dispersion as measured by dynamic light scattering
techniques which are well known to skilied person in the art, such as with a Malvern
Mastersizer ™ 2000. A convenient way to report the particle size distribution of the
liposome compositions is byvreport'mg the d(0.5.) value which refers to the mass
median diameter of the particles and represents the median size of the liposomes, with
50% of the sample associated with smaller liposomes and 50% of the sample
associated with larger liposomes. The preferred range of particle size of liposomes of
the present invention is less than about 10 microns, preferably less than.about 6
microns, or less than about 4 microns, or less than about 2 microns. It will be

understood by skilled persons in the art that the desired ranges of particle sizes may
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invention can be prepared by standard methods for preparing and sizing
liposomes. These include hydration of lipid films, solvent injection, and
reverse-phase evaporation. 15 The liposome compositions in the
following specific examples were prepared by mixing an ethanolic phase
with an aqueous phase. The ethanolic phase comprised ethanol, the

phaitnacssiieal agens ppesriatitvicbelingand ehglesieralThe imin he 13

pharmaceutical agent was selected from a group of drugs consis ing o
lipOphic: A ES LG L RSS2 8 R HpPisEee R b iifbictibn meeirable
negativEliposmter-ion 20 to the amine provided by an acid. In cases where
the pharmaceutical agent is a salt of a lipophilic amine and an acid, the

adupousRRasercampiast-Water farniestionn same embodiments, the
acid comprises a hydrophobic acida,; r?Jlmn{lj%ttﬂls]%;magrll e'a o%ld 18" grm“pﬂmns

etFARSIIE Brsachien 9§ Wppdukic ammyermeepsvlited e thijudoUipphaserelative

This mayobe usefulirotheipsenacationef ipasenstmpsiions,of | . tage
Iipeon%gilg%a{%irp% ith.a 25 desired acid, where the amine Is not a\(é[ﬁ?a%'e

as the salt torns th ?eé‘??%«gcaﬁﬂgﬁu?pﬁﬁs@em%%Hﬁs@%@dﬂﬁmah is
arpikuptsofl asid tivatrdoestagt affeat pasactability aBoth BhasRsRSIOI8, e
mixipghale heale ture of about 56 to .60 degrees centigrade.
F(?rg small sgg e pf}ég%&%gﬁ%%g% 6 ss?fga;%r?)? fitré i \78%%(%{?1{5’ Hryipiieadgore

arF A arp I LEE 67 abrBh$nmmemtabstiatkabiatBouBG RPN 36out 75%.

LipRERD plvesiGE SerafQrmag AR B e RixIHECIS for a further 10
mir&ute%at 56-60 rees centigrade. The mix?urggllgtgg’ne%a cs)l\l/%lg rom> be

this SARPEFOAR AR Erenb el icainme barndamspiistatistopm s diximnafelyitial

twanrdars. thiel ferger ecattiqreparatiag @blipasame: crmRasitions, the
ethanol'ic phase is added to a stirred aqueous phase in a reactor

equippns Wibstamperatye ol fegtuges. mixture is stirred for 10
minutes at about 56 60C alﬁgﬁt%en cooled to;%%%?n tempera u?é SOBPIEG o0
hOIFEIRESIEalS 48R contBEssitigtiacabe cHimrserasy e dhivrafiae theyarenedin only

hpmeghoigtdscanits@eol) RS ewmaRsALiNREM-SLOLa0E ONE r’ﬁl‘e?él Bposomes
e

W riod. In general, it has been found that the reagents may
S S S R S REREB GG ot hows f0 das of

preparation.

Liposomes prepared as above but containing the free base of a lipophilic amine drug
as the pharmaceutical agent were also unstable upon storage. A pharmacéuﬁcally

acceptable acid was not added to the compositions. Phase separation was noted within

days of preparation.

Liposomes containing the protonated form of the free base of the lipophilic amine
base ion and a corresponding acid counter-ion in were found to provide stable
liposome preparations. In particular, in some embodiments, molar ratios of acid:amine
ranging from about 10:1 to 1:10 (molar/molar) was found to be effective to improve
stability of the liposomes. Narrower ratios of acid:amine of between 3:1 and 1:3 are
also effective. Additionally, these liposomes were also found to be stable to
autoclaving. Liposomes prepared with a pharmaceutical agent, that is the salt of a

lipophilic amine and an organic acid, also showed stability on storage and are stable
to autoclaving.
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as they afford the liposome compositions. In some embodiments, the rate
of addition of ethanol phase to the aqueous phase has 10 been. found to
effect particle size distribution of the formed liposomes, particularly when
larger volume batches of the liposome are prepared where it is not
practical to add the agueous phase to the ethanol phase. It has been
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Surprisingly, autoclaving of the liposome encapsulated drug products of the present

invention results in suitably stable and sterile liposome encapsulated drug products.
Even more surprisingly, it some cases it was observed that stable liposome

encapsulated drug products showed an enhancement of stability relative to the pre-

autoclaved stable product. As such, in another aspect of the present invention, there is

provided a method of increasing the stability of liposome compositions, wherein the

liposome compositions of the present invention are autoclaved under an inert

atmosphere. Even if such compositions are not required to be sterile for their

applications, such as topical compositions, the step of autoclaving may be used in the

method to enhance the stability of the liposomes.

Autoclaving conditions suitable for use with the present invention include those

which allows for the sterilization of the liposome encapsulated drug product and

~which do not result in a substantial decrease in the chemical stability of the

compositions over time. In one embodiment, the liposome encapsulated drug products

24




S subcutaneous, intramuscular, or intramedullary injectio_n. ‘_I'h_e
pharmaceutical composition may be in the form of a sterile |njectgble
preparation, for example, as a sterile injectable aqueous or qleaglnous
suspension or inhalation product for administration via nebulization.

Given that the formulations are phase stabl_e, they may be usc_ad
orientatiorlindbpentlent 1) tefend tsemusin gfaa%ﬂﬁf%b %ﬁﬁyigqﬁﬁ#;%dmm
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refers to. hego ticle size distribution in a liposoma |S|3)er§|on a
meas ?%%‘Q&/ géﬁ)grﬂfﬁsﬁﬁm’é’mng techniques which are well known to

skilled person in the art, such as with a Malvern Mastersizer TM 2000. A

cdhieni&itiagfidhreprsrctiényantiole Sizettistijoutinn %ﬁﬁiﬁ@%}@@@%oduct
eEIRESILRNS IS ort Jpvalue Wh]c refers to the mass

; edian éig?fete%ﬁ?ﬁe [E%lc%%n%%]%érgg%ggﬁ%s th%nmseoé?gn %?@B?fﬁ?é‘& ‘the

liBEEETREY Wit SBEUIPBE thee Sairn Sienalseri annsawitrv s anelir dipiosquires haking

and G0%usiinis saioles assGiatRAWEL AR IRPSATCT.TE HEEIR.y or

f icle size of liposomes of the present invention'is less than -
AU D oot ek 1eR S RO e GFer g, Bhisseommmpsitions

alistR ahsncishts, be Msivatiy abub@riiioRsHleidpextAdeISeRckOY% ¢ time

skiledieersonsdndeal hiabihe desiadandes of paticle sizes may 22

months. Unstable liposome-encapsulated drug products show precipitation, separation

and aggregation after a period of time.

In the present invention, a stable liposome composition is one that is phase stable and
does not substantially form vaggregates, preferably ones that do not form aggregates in
about at least one year, more preferably in at least about 18 months or more, even
more preferably over at least about 24 months, although the periods can be longer or

shorter as required, depending upon, inter alia, the active ingredient to be delivered
and the mode of delivery.

The phase stability of the liposome compositions can be also predicted by a protocol
as described in Example 3 herein, which measures the d(0.5) value of the liposome
particles and the obscuration in the supernatant of liposome compositions when

centrifuged. Further details are set out in the Examples below.
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vary depending on the application. For example, a. d(0.5) valu_e falling
within the 1-3 micron range can maximize the percentage of liposomes
that fall within the respirable size of liposomes. The "Percent
encapsulation” or encapsulation ratio or %E for various formu!ations 5
refers to the percentage of lipophilic amine encapsulated within the

lipaseaemeplative, 1 dQiieiatalRIpeMAERS &'R%p;pr@&u%@ Ic;}etﬂn ﬁpeesent invent

compositions. The percentage encapsulation of the I|pop€f'|’ IC amine inthe ™
liOEBHHEESH Y pralEmtAE Mg T prsbele d s tiaepelisentigimef sorage,

phacrdiagutical ageRt inessperaiesiiatieiiRosemes NPiele ied Ian98i eqq
of.encaps Iaggo is.from /flbOLg 33:/0 to about 90%, more 10 preferably
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about 509 10 ABBUP B A4 PHEPE A bl LBk tamBS ¢ brimp, shows the
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lati eous for different applications, .
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{ CIGW.
placebo liposomes therefore contained only phospholipid, ¢ ester(ﬂo,I
[ : [ es were found to
et 4 ?a} ersf'arggel ) Some cases a ggt. These liposom

be unstable and URdGWaRt phaBerdies STHE PTRRHTE 5 e Rty dngpntion are

préjgaeiaored iposcrhetugidhasttlasmboae bmtapletﬂmia:in@ﬂhe atleﬁeéawent
| i | 2 ical agent wer
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a At Y h @ eBmpisElifss PohEae sépankarswvingsatotisscviitiinhetaizs of While
prapechiian idpnsenpssastakyne heswretenaled i rhiha.fes 8a58.9f me

the lipophilic amine b ion and a corresponding acid counter-ionin
WB?E‘p?Sﬁ ﬁ‘&“?SSg‘]r%]%}? egftt RS RSEdivR prapurdndhe PricEalfeeARsulation of
s@ﬁ@@inb@dimé@s’mrﬂmlammmgﬁammnmd&@gi@@tﬁ@mﬂie@%%lihg:gégem
1 olar).was found ctive to imprave _stahility of the
Iipéci)%zc%ﬁr?]%!sg.tli QN%r%r\%/rer&r%téiogpofd Ea% %%Ti?]lgrg é?vgl%lfgent%:flgnali%eafél AEgent
eff8eiRAB A igHiAURoREDS fipopenitten Watdad s fbemdhttobiashhbtedaring the

storage time period subsequent to autoclaving. It is also to be understood that the
desired percent of free drug to encapsulated drug can in the present compositions for
use can vary, depending upon the nature of the active ingredient, the desired dosage

and the relative contribution of the encapsulated and free drug to the desired
therapeutic effect.

To evidence the physical stability of the liposomes, Example 4 below shows the
stability of the percent encapsulation of the active ingredient of various liposome
compositions of the present invention over time periods of up to 20 months under an

inert atmosphere. Further details regarding Example 4 are set out below.

Furthermore, stable liposome compositions of the present invention are characterized
by being substantially chemically stable over time. The term “chemical stability” as
used herein is used to refer to the absence of significant changes to the chemical
structure of the lipophilic amine, acid, phospholipid, cholesterol or other components
of the final composition. For the active ingredient, specifically the lipophilic amine,
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autoclaving. Liposomes prepared with a pharmaceutical agent, that is the
salt of a 30 lipophilic amine and an organic acid, also showed stability on
storage and are stable to autoclaving, 23 Dialysis of the liposome
encapsulated drug products under conditions that deplete the liposomes

of drug candidate result in the liposome compositions undergoing phase
s@balraﬁ@irs.td’tﬂfﬁaiﬂeléﬁmlo% Maious lipesome sompasiiens C\/Hgﬁsgc in potency
dighyged.Querihe. poted I%%%Qo lﬁéqf '[II'T%}_?. Stable liposome composition of
the present INVENTIOR With & water a5 a1 98bas sigemetppwee the storage

s%éﬂéht%w&hefsam@mdemm?mu;aﬂmamw HiaSI8 P the presence of
beferehand,olabig/ i ialysis before % E after 24 Appearance

afge;t_r formul%tior) I\//Ig%%qrﬁ |<'§ %gi ﬁgéfrcso {lglfyg%edﬁ%%gaqﬂgﬂ?a?ﬁ/ﬂ\ﬁ/imomm@
WA §b hEt9b st eeifidifanous Citrate injection Fentanyl with '

Phosphate 60% <14% sediment Citrate buffer Ondausetron Water for
60%sB0tMdgeneoths liitfor Cbinjectinn O esdanselon Phosrale,80%m

114% sedil ith.1-1C1, QLiff risingly, autoclaving of the liposome
enca s% ggﬁegldﬁ}é%%glgr%déluc é_l%[fit %d%?zgegﬁiloﬁﬁ/%‘?ﬂdﬁ%%% PP s pRpent. In
sﬁﬂfgﬁﬂ@m%ﬁm@mmmmm@ [eduCtse LR&EVRR MR8ty of

symeﬁjﬁg&yﬂhggﬁéeogm?j&gﬁg ohsshed that stable liposome .
epcggsu&ated .drug products showed gn gﬁ&ngn%@r%ee%ﬁe%%é%ﬁﬁf}%ﬂﬁ%@Md
Y SPEsaTHatAYRchargrieoyrs ditbe. Resiedroh! Mpandthenashedhatithedetails
pregevdinn Beniiphs thetsds o 8xiged a method of increasing the stability of
liposome compositions, wherein the liposome compositions of the present
'Wg@@rﬁlé‘ﬁ%&\ﬂ@Ck&ggggig&lsngpthe present invention typically have both

phase and chemical stability at a pH value of between about pH 4 and about pH 8. In

one embodiment, the liposomes of the present invention have chemical and phase
stability at a pH of the between about PH 4 and about pH 7. In another embodiment,
the liposome composition of the present invention have chemical and phase stability
at a pH of between about 4.5 and about 6.5, or about PH 5 and about pH 6. Although
liposome compositions of the present invention may be phase stabie at pH values
lower than about 4, such formulations are not typically chemicélly stable, and
oxidation and/or hydrolysis of the phospholipid, among other reactions, can

appreciably occur at such lower pH values over time. :

Liposome compositions of the present invention comprise a lipophilic having a
charged amino group as an active ingredient that imparts stability to the ﬁposome
compositions. It has been observed that liposomes prepared in the absence of a
charged lipophilic amine are unstable and rapidly éedhnent. Phospholipids commonly
used in the preparation of liposomes include phosphatidylcholine. While not wishing
to be bound by any particular theory, the following provides a description of the
interactions and forces that may contribute to the stabilization or destabiliziation of
the liposome compositions. At physiolo gical pH ranges, phosphatidyicholine behaves
as a neutral molecule with net zero charge. At physiological pH, the negative charge

of the phosphatidyl' group is balanced by the charge of the quaternary ammonium
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15 atmosphere. Even if such compositions are not required to be sterile
for their applications, such as topical compositions, the step.o.f
autoclaving may be used in the method to enhance the stability of the
liposomes. Autoclaving conditions suitable for use with the present
invention include those which allows for the sterilization of the liposome

e u u 2 ich do not result in a substantial
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i i i ne that Is ase
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that do not contain a lipophilic amine and its salts thereof, and a pharmaceutically
acceptable acid. Furthermore, this could likewise account for the inability to prepare
stable liposome compositions with lipophilic amines that are presented predominately

as uncharged, neutral molecules.

Thus, in the present invention, the pH of the liposome compositions of the present
invention is about equal to or less than the pK, value of the amino group of the

lipophilic amine active ingredient.

It is to be understood that the various ranges as discussed above and used in the
context of the present invention in relation to stability are to be understood to be
approximate and serve as a guideline, and would be understood by persons of skill in

the art to encompass any variants thereof as long as the resultant compositions are

stable as defined here.
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does not substantially form aggregates, preferably ones that do not form
aggregates in about at least one year, more preferably in at least about

18 months or more, even more preferably over at least about 24 months,
although the periods can be longer or shorter as required, depending

upon, inter alia, the active ingredient to be delivered 25 and the mode of
defiveny e ahasaisialisnolineinarome FOmRCRIIONESAN D% &' iowing
pg%g%gt 6dS li%a ’rotocol as des‘crlb.e:d in Example 3 herein, Whl h _
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dg@éﬁt%%%%togyt in the Examples below. 25 Furthermore, stable

liposome encapsulated drug products of the present invention are
characterized by substantially consistent particle size over time during
storage, including those stable liposome encapsulated drug products that
have been sterilized by way of autoclaving as described herein. For
example, Example 4 below showsEke:mniasticle size distribution of various
liposome compositions of the present invention remained substantially
URehaipged-oveERaiads of ﬂmgsggl@ 20 months of storage, evidencing
that the formulations of the present invention are substantially stable in
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unaeRstbed théeeiifls Sisbéuin FiwcantcenpipstlatitonaN e cHRAERS various acids
discusees hetpindetersyigLhech in percent e sulation gver time

of the composition thamﬁgg nolf bgg%%‘{l?t%%:Iél\?élél,go?qgtggntg?hkéq'gfio%‘ﬁ%es’ the
(Y5 B shsauiiet e rvinyion 19 aisitosivs amddnstbetithaittiehen

gradually cooled to ambient temperature. The presence of multilamellar liposomes

was confirmed by microscopy. Selected liposome preparations were autoclaved at

121 degrees Celsius for 15 minutes.

Example 2 - Phase Stability on Storage

The phase stability of liposome prepa;ations of the present invention affords
pharmaceutically useful liposomes. The phase stability of the preparations as noted in
Example 1 were monitored visually for the formation of sediment or aggregates.
Liposome compositions that are not sufficiently phase stable, typically show
sedimentation very rapidly, often overnight, while others show no signs of
sedimentation even afier years of storage, An example of the visual appearance of

phase stable liposomes is shown in Figure 2a whilst an example of the visual
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desired percent of free drug to encapsulated drug can in the present
compositions for 20 use can vary, depending upon the nature of the active
ingredient, the desired dosage and the relative contribution of the
encapsulated and free drug to the desired therapeutic effect. To evidence
the physical stability of the liposomes, Example 4 below shows the

stapilibuadhepercentencapgriaianakiACclYe ingredienh olyarious, o
liposome 25 compositions of the present invention over time periods o0 uﬁ’
tog"é%“}ﬁ%ﬁar‘t‘r?@ aRdiERa smartiiosphere. Further details regarding

Example 4 are set out below. Furthermore, stable liposome compositions
oRdferprededtigwentignaackocharactericadp by thein %&f&hgtﬁ%ﬁlﬂéﬁguﬁcal agent,
c | ime ‘chemical stability” as_used herein
isgﬁsr%%}%%gzj?%%{g%%% fﬁ‘é@g‘?&?ﬁg] iicant Ié%éllh 9295V (5y Tt}ﬁeepé# LHgeaPRh to 7.
shiiethre 1B1osErs dpfhfiigdmin éha didy p i pbetipialyioblelestere | tirasthenistable

COMpeBeTiy ohibe,inaleempariianbas mgtaa%%arm@%e[%ﬁagg%%{ifeaﬁ%m
the li olPhlllc ammg, 26 chemica stabgé?/ is defined as less than about

SEST A ASRSIIGE SHEN S FEBREn &) RS Rk e, aprbmealolthan
lg8% Sheheab obiraba Deghitptigraxan ine sisiagReperiod. For the

phospholipids carrier, the ical stability is defined as the presence of less
thesteahionh J074da8s iR ARSHRHR! . tq.degradatian of th
liposome S%Uﬁh drolysis or%%gg{%%%ﬁ%%g%éﬂgﬁﬁﬁ% ?t'ﬁ%ﬁound to
ngﬁ Sorhe EoMBERHEHE D1 theliclertarve Merrwise. fdunebitraie @ liposome
spieptantionysigdittng! dnfy, b 1 iphaldeasteNeean WHRAME, QYILunter-
Jfsk eLQt. I&aggéotli?r“%mgodlrgent as %escrlbed in Example 4 below, the
cﬁe?nlcg]ﬁsta flity of phosphafiditcholiid brttie fouBlor datsasstoths phase
teipteseftthaenbiontivasiaessdd] Olie: beabilbstgritally SNEbAREFHIRY Shine in

ti j 16,20 urther details regarding Example 4 are
sg?%ﬂ? ggﬁ)ﬁw%r%% gtli% ofgg e ipgg)ré\%ngglrlr%%gﬁioﬁg o’ﬂjﬁe Bregsse liposome
iRvERsneR iRl R abass sitbippbrE aaehin dbiss @ity ab ahokiy alLEigdre
besweesr aoubRididaid abeehikdi8 «n 1ane, BIRRdINGRLINIGIRRSOMSSome
of th%%{esent iqvention have.chemijcal and phase

preparations containing a hipophilic amine are phase stable over the pH range of about

pH 4 to about pH 6 with the exception of preparations that contain sodium chloride.

Example 3 - Stability of various lipesome encapsulated drug compositions,

including autoclaved compositions.

In the pharmaceutical industry, sterile formulations can be “terminally sterilized”, i.e.,
they are autoclave sterilized after being filled into individual vials. End-sterilizing
liposome encapsulated drug products of the present invention via autoclaving can

provide individually packaged stable and sterile liposome compositions suitable for

use in the pharmaceutical industry.

As set out above, various prior art references relating to the autoclaving of liposomes
evidence the widely held view by skilled persons in the art that liposomes, in
particular those based on phosphatidylcholine, are fragile and unstable to the harsh
conditions of autoclaving leading to agglomeration of liposomes, change in liposome
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15 stability at a pH of the between about pH 4 and about pH.7. In another
embodiment, the liposome composition of the present invention have
chemical and phase stability at a pH of between about 4.5 and about 6.5,

or about pH 5 and about nH 6. Although liposome compositions of the
present invention may be phase stable at pH values lower than about 4.
st formuzaiitnstangonoivpitatly chamicalyrsiye, sndR0e¥d Ko and
aﬂg&g-pé@; lysis of the phospholipid, among other reactions, can
appreqllably%%gﬁrogt@%_(ﬁ%c%vsv@rl?ﬁﬁ va rzto IOVETHR. RO rAd4/002468). As
cRpoBRiokSHL themésentsidribnaompriseysligoph icthawiaga invention
chanaesd saNe:GOUR 85180 RG1VS, IngRignithat imparts stat%llit to the
liposome compositions. It has gfeen obse?é%?%ﬁtgt??grgs%n%aélg r§B%%%8*%HIIIW
tHRIyEEs cuigFavRE YRRy Hip Sishintl ernscn arensta taioletanda dipidiybility of
selirmipnioRbesphknigncamenk HERAIHE RIEPaLIaN.afliRpsomes
ing‘tége B@oi{ohatidﬁyic 0]%%% While not wishing_to bebou%eby ar%Sbe c_)m and
particufar tReons the n§Pievidedy dlalizingn eifarie ofteradlerisg on
anenforsetiatiteyposetiiutentotheKtahilizatden.o tHesabdiziaingf- i,

li pPOSiti A iglagical pH ranges, phosphatidyleholine
B e e R e SR priwermaeoms

b

pl-1, the negative charge of the phosphatidyl group is balanced by the

G B TAH P B ik TSP rofimesigibn. as the
Vs, SR OO GRS e 2R o
a -hy-side manner so that the positively charged choline
o A Kokl e LSBRB 2 & of
grbaPBeah. ad] adenbuipief el Epoitilhennet chasges0fisUCha §POSRRIE and
5 WiARBIAHPB S EFO- (e diSECteRl DY £BIR PRIGNLA] measurements), The

inclusion of uncharged drugs into thé liposome does Not alter he fetection
cRBRgEAbLsentpBSE madous rsids ABingksiGtre PiRakd dookheteits | Pelshitic In
alfbmmdgm:tgﬁ Iﬁd@ﬁ@@[@@eﬁ)/aﬁi.@ ﬁ%@%ﬁﬁi&f %9%@ edJﬁQO@ggn&issolve in the
com o%go%a%gc‘:ﬁ%?at he pH is about equal to or less than the ply., 0 tﬁe_
lipophilic amine, impartif ?ﬁ8%‘2)30‘6%&‘1%8%&@?1é%ﬁ%%@?%@sf&@wmg
1Gistedvtien Afpdisiovetiyrcharietidipihphillc amise thuamatiinsatawitinstheicd
PRRSRRRRIS olution, the mixture was shaken at 56 degrees Celsius for 10 minutes on
an orbital shaker and then gradually cooled to ambient temperature. The presence of
multilamellar liposomes was confirmed by microscopy. Samples of each liposome

preparation were transferred to sealed glass vials and autoclaved at 121 degrees

Celsius for 20 minutes.

A variety of parameters of the liposome compositions were measured both before and

after autoclaving to characterize both physical stability and chemical stability of the
compositions.

Figure 4 provides a summary of the liposome preparations, the'pH, the particle size,

before and after autoclaving, and the phase stability index, before and after

autoclaving,

Stability with respect to pH: A concern with autoclaving liposomes is the potential

for chemical degradation of phospholipid or drug components. Chemical degradation
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biiayers of the liposome structure in a manner that more closely aligns the
positive charge of the amine with the negatively charged phosphatidyl
moiety and may disrupt the balance of charge on the surface. of th_e
liposome to create a net positively charged liposome at phy_S|oIog|_caI pH.
It is believed that being at a pH less than the pKa of th_e_ 15 !lpophll_lc
armine fihus: aorerhange he:cele Byth&@aﬂg%é%jé%ﬁs@% It%ﬁi@uﬁrh ggggg,seogﬁhe
formulatigns per se, by affording a charged liposome . e
Cﬁ%%g Sqﬁ o%%“r’r?éxsl s %‘é?‘@ﬁ@hvmr@ﬁ&?ﬁﬁ@ régithinoe thposome
ag?gm]g&ﬂitﬁmSTdﬁstmopidsdikeiw'vs:etmlcemnbﬁogéh@ﬁngbcﬂgéé_m&l[ QRﬁE]ﬁIQ equation
stghip laceha diRgseme compositions that ‘1? ot contain a lipophilic ~
amine(%lr?d itﬁ%ﬁ@ﬁ@%‘&ﬁ@%ﬁ éﬁ%%‘% A& if%ﬁl;?"%‘_‘&&%ﬁaf@l@%@. initial
Fifheineie, hisTcouldnikemis empemionfotitievinabikitiyte premarge stableto
lippssune; i aM] I ines that are presente
Qlﬁ@,@%ﬁ!ﬁﬂ%%%ﬂ%gm %ﬁ”ﬁ?eﬁculeg . % Jresent

' clavin,
predominately as uncharged, neutral mo us, i e presappclaving

intERHSPIE S1 e Sanihder dempbeitis blinser présenttiventiondging
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alfont €eiralstarohighsrthan theupKapriue of t%mocﬂé%[?a?f&@ga Rion of

li ili ine active ingredient. It is to be understood that the various
rz?r?gB sggzggzgqﬁjhses%%%%?\}%nand used in the context of the present

invention in relation to stability are to be understood to be approximate

ahiRarl L sAnRraing, amdRhesmkasiduiehietine o8 dytqersons afoakihin with

. . ; . It ..
e e UL T -

o R AR hRe 15 e bR Gsesmss: Thavele
eXemmpletioana tieinpestituiaycetailssicanth AFRrei BEPIES YU hE mined.

il i Id not be construed as a Jimitation on the claims
o?%%%%i%%@ﬁ%rﬁ%%%%ﬂ Amplas Oéxa%‘ﬁedif- Bl dRaismys formulations

th‘éwg after autoclaving were determined. Phosphatidyl choline and its related
hydrolysis product lysophosphaﬁdyl choline were tested by normal phase HPLC using
a silica~diol column with Evaporative Light scattering detection, and a gradient from
eluent A (n-hexane: 2-propanol: acetic acid:triethylamine 81.4:17:1.5:0.8) to eluent B

(2-propanol:water:acetic acid: triethylamine 84.4:14:1.5:0.08)over 15 minutes at 1.5
to 2 mI/min flow rate.

Twelve formulations from Figure 4 were selected to covered the full range pH values
of the formulations of Figure 4. Although hydrolysis can be signiﬁcant at pH values
less than 4 or pH values greater than 10 as shown in Figure 6, liposome preparations
of the present invention between 4 and 9, and more preferably between pH 4 and pH

7, could be autoclaved without significant loss of phospholipid, typically less than
10% loss, more preferably less than 5% loss.

Impact of Autoclaving on Lipid Oxidation: Oxidation of lipids during autoclaving
was minimized Ey preparing and filling formulations under an inert atmosphere,
Table 2 below summarizes the changes in lipid oxidation after autoclaving for a
liposomal compositions containing as a pharmaceutical agent, fentanyl:citric acid

(1:1). The oxidation of lipid components was tested by a colorimetric assay. All
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Each test batch of liposome preparation was prepared with 1.2 g purified
soya lecithin, 0.12 g of cholesterol dissolved in 3 gm of ethanol and

warmed to 56 degrees 10 Celsius. In some preparations, the ethanolic
phase also contained the lipophilic amine or a salt of the lipophilic amine
(Figure 1) in an amount that provided the target concentration in the final
g anele salon was M6 s o) o of o caon el
War%&éggrttg@%jjga %Igsa e%}ﬁjaé.“ﬁeé}gé%% SoBfithBIRPEEAtaInEaction
valibbisiEeheayimberbales awindichted i02Rgunel 1sdbatiowin groHxing abib®ance
twedighideh t IXLLEE n at 56 degrees Celsius for 10
minutesé%n aﬁ%ﬁiﬁﬂﬁgﬁ caﬁln\%%ﬁér?ﬁé%nggé‘@sggo ST TS EhBHER; of cumene
teMPEPREEREITHE S hetiem & GFHBERIMATeHbteNtrdstnTes e Eifismedrng the
migrostomyy Helesied liposome preparations were autoclaved at 121
degrees Celsius for 15 minutes.. 20 Example 2 - Phase Stability on -

Storage The phase stability of Iiposo?ﬁ@‘f)reparations of the present

invention affords pHatingceuditaly useful|lippIanese heRBase stability

of the preparations as noted in Example | werpidonitosechgisually for the
formation of sediment or aggregates. 25 Liiposomexicommyagitions that are

not sufficiently phase staijgqfypicallysh ' 0' pidly,

often Overnig ht-while-ethers-show.no Qigr*q of _sedimentation even after
years of storhge. An ex2VHBREDE the visual appearan8&of phase stable
liposomes is{shown in Figuree2a whilst anjexample eighg visual
appearance epara H-Figure 7 obvious
sedimentati I 2 ér/é 1, placeho
llposome compositions lacking pharmaceutical agent, are generally
phase unstable and rapidly sedimented. Over the pH range of 4to 7, 5
placebo liposomes of Figure 1 that have not been autoclaved are phase

urfSisk elayine P SahBlise Strbidiprbaratiths phatappsired ighBome
phespH e WETehe present invention affords pharmaceutically useful liposome

compositions. Liposome compositions that are not sufficiently phase stable typically
show sedimentation of the type shown in Figure 2b,very rapidly, ofien ovetnight,
while others can sediment only after weeks of storage. The desired shelf lifefor a
pharmacentical product in some embodiments is two years or more under specified
storage condition. For example, in one embodiment liposome compositions of the
present invention containing fentanyl citrate as the active ingredient/organic acid have

shown that the product retains phase stability for over two years at 4 degrees Celsius.

During formulation development for new drug candidates, it is impractical to monitor
stability in real time of a period of months or years to evaluate phasé stability. Asa
result, we have developed a method using centrifugation to provide an analytical tool

for predicting the long-term phase stability of liposome composition.

In the assay, liposomal compositions were prepared as described herein and
summarized in Figure 4. Particle size distribution of the liposomes is conducted by a
light ‘scattering method employing a Malvern Mastersizer 2000, after dilution of the

liposomes in dispersant in water for injection. A sample of the liposomal preparations

33



10

15

20

25

30

generally associated with the extremes of pH, namely less than pH 3 and
greater than pH 8, where chemical stability is generally compromised.
Referring again to Figure 1, the addition of the salt of a lipophili.c amine
was found to 10 have a stabilizing effect on the liposome preparation. in
contrast, a liposome preparation containing only the lipophilic amine

fevranyitfdithoutan deicheoidntetzé0m)isbAsiabl ek QWeNeE1AShE iR om

agid.in the formulation. increasgd, the se  stabijlity of the preparation
in%%?é%%%%h@&é’%?ﬁ%iﬂ*% LaRThelE %%@p%ﬁi&%mﬁqwommaﬂsﬁm was
witotdedapprépridedicenceimeltidipwebacichrpaprides liposemerlsed at a 2,292¢g
Prapaiations that,are:Phase wiab18.a lues less.than aboyt7as
shown in Figure 3b prior to autocl:(jlinrrlE)é[.1 %\éﬁ?é%lhtragsta%bqﬁ% B?a ample was
fo¥HRsEsBhdIeTa IiBesimdaysiepar o rrseotaiedn geantilsophilidlemineiake size
phiastsatihlenone ¢h el RAD UeaBfcaR Qs Rl 410 -RROMELRH, 6, W 'H%aﬁi}%er of the
eé)celptlgn ?f reI%atratlons that#ogtaln sodium chloride. 20 Example 3 -
Stabifity of vaho e fiBb¥aME 8 edpsulated drug compositions, including
autoclaved compositions. Lithe pharmaceutical industry, sterile .
fotatatiois ehripesoraermmamsiiontizedtdi ey, theeyrarmapioiavles shown in

- staglizedmiter. heing fileddnind WyiBHQAeViﬁl&aﬁﬂgiﬁ%e@%in“@%'i Do progided a
(0)

en agos%a%ed dﬁd\}m products of the present invention via autotlaving can
z%"?b RALE ifcifa gEibforasiiise whe srdir dlpusommenetmip Fitionsa.
sUpableﬂmw&aémthﬁtphmmmatﬁiﬁalvm%ﬁ%rﬁ%é@ﬁt%tya%v A YRHQUS ere
p&Qg&é&r f%{g%eg rﬂe%atj%% E% 1;lql(;:-ma}_%t%cIavin% of liposomes evidence the
widely held view by skilled persons in e AT AbIs salssofresprtiailiagero.
thdseusatien is rwgHdgphvatitlyiphotine skl dgihand wnstabietouhaRAED for

SQ-eansiianmotaHingiang SAding e, a0olpmeration of iposo

es,
change in fiposome 30 size or size distribution, hydrolysis/oxidation &Pl 1o
IiPFUST B MbleireatitHeaten anddssamasbotatic epcajsulatethed a

%@é@ﬁq%ﬂ@eﬁ@@W@p&oﬂW&nﬁ%ﬂ?%i%ﬁ%ﬁ(emastersizer, the
egggodlments f the 'fggi%gﬁe compositions of theﬁ)_resent invention can
oclav

Nt only WithetaRd Al R PISE ISP S P PRISF IS HERASBRs R e Piteseatant
stabilby mass median diameter of the liposomes was generally 60% - 100% of the

value recorded in the starting formulaﬁon.

Using the d(0.5) value as the marker for the consistency of particle size distribution,
we define a Phase Stabi]ity Index (PS Index) by the following equation

Phase Stability Index == d(0.5) post-centrifugation/d(0.5) pre-centrifugation

When the sample was phase stable as defined herein, following centrifugation there
was no visible pellet and the liposomes appeared to remain um'formly distributed

throughout the liquid phase Figure 8¢, and the PS Index was about greater than about
0.6.

If the sample had intermediate phase stability, following centrifugation a density
gradient or partial pellet were noted on visual inspection as in Figure 8b, and
typically, a PS Index of greater than or equal to 0.1 but about less than or equal 0.6,

To further illustrate compositions with intermediate phase stability, Figure 9 shows a
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5 following autoclaving. Moreover, the following parameters relating to the
stability of the liposome compositions of the present invention were
measured both before and after autoclaving to further evidence the
stabilizing effect of autoclaving on compositions of the present invention:
pFl, particle size distribution, lipid hydrolysis, lipid oxidation, and phase
SitaityapidiseLisigson eashaloliese RaramEREa Ao, 0, LURRSO:
prc%ﬁ@fﬁlltiops were praf%{ed with variqus lipophilic amines added as the .
basain ComBiniHBh WittPoalPRigam e Htndereft adialioiEiacristlst  The
batpkraftdiposomet preparaticomesppreparaeidthile 2 MYiedSOVRis picture

legithin, é)n]\g@l f ﬁ?qlhsterol and . a the base ofég lipophilic amine
dissolved in 3 g?r)ﬁwg lé’t%glﬁoﬁoa%egn Warmed1s'58 §Fé Erpagratipy. hgfween the
afelas s e senstiRTagin water for injection 15 optionally contained

various acids or salts was warmed to 56 degrees Celsius. In formulations

Wherethantiest aeidsesspapattisacishiosiasid was SissaNedimhiNGis method
egﬁgoliclphag%vg ile all o}her acids were djssolved in the aqueous
pha

se?rl‘?olltgwmg 15 SOMGHEH"OF AIF SORMRREIERTS i dheiin oiie pramariged in
effignutié- solution was added the aqueous solution, the mixture was
shaken at 56 degrees Celsius for 10 minutes on 20 an orbital shaker and
thevegiaduatiiseieddaammient jamPesa e Jhad %grf? %en?rall hase
mu%lé{la rlréegl‘3 OrI| os(f_n%es was conflrmed by microscopy. Samples o ea}gﬁJ .
liposome preﬁ%at%\ SR AT Ao P 0rLY ShERiaE Svorafbeafegmulation with
afitociaimednat 1Bbwegrectutielkiua foaRRsmindeseA YaHBY B of the final

p [ compositions were measured both before and
D B ey e Rer P oaeed

sthe ity s dined fappslabes. Figure 4 provides a summary of the

liposome preparations, the'phl, the particle size, before and after

ggwggm:u@ ant?ﬂmm%afe stlilatxﬂgas/; Biﬂ@ma_ﬁr{]m;ﬁ@?iﬁé}ﬂ ?ﬂ%ﬂslé}}{i&@m of
ility. with. respe : A concern with autoclaving liposomes is

the potent}ifg . tlolrag O}e?sm(f\%%lﬁ)ﬁg@?g&g{%ﬁegf?\%j}gpﬁ(ﬁﬁ)iﬁl%%ﬁg@ater than 0.6 as

componErs CHeNT Sasdelpmdation 31

Table 3
PS Index % of Formulations % Formulations
Pre-Antoclave Post-Autoclave
PS Index <0.1 51% 25%
0.1< PS Index <0.6 23% 13%
PS Index > 0.6 26% 62%

Prior to autoclaving, 51% of the formulations generally had poor or no phase stability,
with only 26% of the formulations having excellent phase stability. Following

autoclaving, the number of phase stable liposome preparations increased dramatically

to over 62% of all the preparations.

With the addition of the appropriate amount of an acid, it was possible to titrate the
pH of the preparations to ranges below the pKa such that an increasing amount of the
amino group of the lipophlic amine drug was protonated. At pH ranges between

about 4 and about 7, and following the autoclaving step, the liposomes displayed
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in a formulation is often reflected by changes in pH. As shown in Figure 5,
the relationship between pH after autoclaving versus p1-1 before
autoclaving liposome compositions of the present invention can be
generally described by the equation pH(post) = pH(prior), indicating no
change in pH.. for fonuulations having an initial 5 pH of less than 7.

Lipoasiateppaparationsiharyeie sliohty allalinenriasip ALy post
sgetci {cal!}/fji)rmué téo 1S \%@ H.> 8, had lower pH after autoclaving and

th'ézl PoINts on the 5?‘ E#iyd v'gfeodr HRPROME RSB e ainiRsnimiguy! as the
Aliprophalisrrgnifor vilidgionstatthiGiyr o Hy dloespRpsiers IS ifd autoclaving

c ' f compenents.of the formulation. 10 Impact of
R o S R by =

liysdrndadps thin sorsrasal #8eaipolysism bl stempisiehpddphalipitiss below
steh RSPt qlire =T Rhosphatidylgholine concentrations "of
twelve formulations of the present invention before and after autoclaving
e determined. T hosphatidylchgline concentrations of twelve

2 DT B PR B RO A &nd pos-
detteslaivridPiRiso Sphbilidy ToHotire sindsitsretatpdratipdrobSsigias UCtontaining
IwspRhQsRRatgy| cholin g te phase HPLC using.a .
silica-diol colglgr%n with. Eﬁ“ﬁﬁiﬁf?ﬁgﬁﬁn %ﬁ%ﬁngﬁét&%oﬁ%o gons with
oPadRLFRIFPENThEIE &TS AngTensRlim O Bs pRsH ardl e datictbasiceridentdayhined this
8dpAedit: b SibhBlrinrelwenidn (askRATGHWAIBEACRHSRUCh HEIVIARING acid
8§fﬂé:t’%x%:%%é)0 g@lovehri S minutes at 1.5 20 to 2 mL/rnin flow rate. Twelve
formu aﬁpnsn'rtro m eig '%\9@@?@%‘@&%‘&?%@%@3’%@4&}%@@@ [SPptaining
vidueslat bt ebfivaved atbon svetl Fig uheyd ttibd ughibiyelrolysis Cai-B8res and the

sigifigant n 4,0r.pH valyes greater than 10 as
s}%&vl\é/lr%?r? F%l%% é?lhgp%%gﬁnﬁg%?%aé%icf)ﬁ o éagsp%ré’éleﬁ?l?ﬁ%tﬁ?}b(ﬁl (2.4 mM)

besie §TAsE o, dHE WRsreopreresdh I YVibenbers tiodsaiel k25 Fonaulidions
berawiepiee dnvithat piomfcakiess Al RAsSRRRRIL Mpisally, G55 than, 1

10% lpss, more preferably less than 5% loss. Impact of Autoclaving on

LIBROIGat BRTORIRSIDnSs BTEW atinmy WitbopRavialondsiannim zei oyt the
phipppirifig anishdilia gl Weunderaminest atmosphere.

Referring to Figare 16 and Figure 17, relating to compositions containing
sumatriptan of Figure 4, only ‘the formulation with the free drug was phase stable
upon initial preparation. As with other drugs, titrating the formulation to lower pH
imparts phase stability after autoclavingr to a larger number of formulations. The
required pH is lower for sumatriptan. Importantly, while sumatriptan is a lipophitic
amine, it also has a sulfonamide group in its structure, has multiple ionisable groups

and corresponding pK, values and has the lowest octanol water partition coefficient
(Log P =1.05)

Referring to Figure 18 and Figure 19, relating to compositions containing
prochlorperazine of Figure 4, the formulations were found to be phase stable both
prior to as well as after autoclaving. The autoclaving was shown to have a negative
impact only on formulations at higher pH values, not unlike formulations with other

drugs. Prochlorperazine has a higher pK, of 8.lwhich is higher than either
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Table 2 below summarizes the changes in lipid oxidation after autoclaving
for a 30 liposomal compositions containing as a pharmaceutical agent,
fentanyl:citric acid (1:1). The oxidation of lipid components was tested by
a colorimetric assay. All 32 samples containing lipids, and standards,
were reacted with felTous oxidation/xylenol orange (FOX) reagent and

medsukechatod GenjunyBlanks wers-piepamaddy feqeion Wiithondansetron were
trggﬂegi)l 10sphine, rpeasgLJre?{gt 562nm and subtracted from the
absorbance reaoﬁ[ngr; g?lé }%B €s. Quantital:ion was performed versus a
standard crave of cumene 5 hydroperoxide. Exclusion of oxygen was

obaktiskd Yrpral driesarsson Bufingrthetesestnd alivig rotess: Tabik Zhange

Filingrieanditians,¥rdnetaagaiemidize .dpAma&aase&l&@ﬁ%{ia&lm@ig%somes
rgon Q% Nitrogen polo Oxygen o Alr o Impact of Autoclaving
A %;{?éege%t blillﬁg}l @) 340% Air 155% | t of Autocl

off & AR IFRAERT R A5 Hhede sSrallip o 1Mabeme Mestersizer 2000,
cofrpasitions «f teliprasant invehkionaifardeaphaonagsestical Y sefuliis fom
li compositions..Liposgm ositions that are not sufficiently
B R o e R T el Gty PGt te
2peastyadpidng) dffeth@dmwﬁghﬁs,vmmmcamoseduﬂﬁmiy eft@ic native
Wikl Gorage -a!i!aagé‘e%ir&%ﬁﬂﬁkfol&fﬁﬁ%&eg%@EQ@P“C LPIOAUG R ing
some embodiments is tWQ years or more under SpECI_Ie(]yl storage
cOAthBAs Fd r b drrpilatipBh sheiiBa diFfie ianpe Soeleonmpositibingsofih eize.
pesent iovenporicopRisiRg feRtary GeaiaRs HheraeifBtions with pH values

i redie?y rganic aci ve .shown Eéhat the product retains phase
1 - 1
srl%bﬂmp or2 o‘%e%twg R}gelarsasz’:ltg 12f"c’!’élglpe g dj ks discussed above, the preferred
pH range for the formulations is about between 4-7, and preferably between 5-6, to
optimize the physical and chemical stability of the entire formulation.

Example 4 — Storage Stability

Preparations containing a mixture of free fentanyl and liposome encapsulated fentanyl
were prepared by mixing an ethanolic phase with an aqueous phase at various batch
sizes. The ethanolic phase comprised ethanol, fentanyl citrate, phosphatidylcholine
and cholesterol. The aqueous phase comprised water for injection. Before mixing,
both phases were heated to a temperature of about 56.to 60 degrees centigrade. The
two phases were mixed and the mixture was stirred for a further 10 minutes at 56-60
degrees centigrade. The mixture was then allowed to cool to room temperature over
approximately two hours. Typically, each ml of the final aqueous formulation
contained 500 meg fentanyl (as 800 mog of fentanyl citrate), 40 mg
phosphatidylcholine, 4 mg cholesterol, and 100 mg ethanol, in a solution of water for
injection. After filling, preparations were autoclaved for final sterilization (some air
was present). Final preparations contained between 30 to 40% of the fentanyl as free

drug with the remainder (70 to 60%) in the encapsulated fraction.
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During formulation development for new drug candidates, it is impractical
to monitor stability in real time of a period of months or years to evaluate
phase stability. As a 20 result, we have developed a method using
centrifugation to provide an analytical tool for predicting the long-term
phase stability of a liposome composition. In the assay, liposomal
compositions were prepared as desgebrdtherein and summarized in
Figure 4. Particle size distribution of the liposomes is conducted by a light

scattering method employlng a Malvern Mastersizer 2000, after dilution of
'rc -1 Ii“GSG| } uw ers ”L :n ‘v"v°|,\,. .nr |n|t:\r‘1‘|nn A sample of the
Itﬁ);s{:ogmgl prep E“dt%tﬁ %{ L ‘?h%?ﬁwiéggﬁlfhe part%ﬂé’%ﬁé“@i@ﬁv}bution
vas measurezl usmg a IVéKa. MastersiZ&C*PREIAdsomeadian diameter
d(0.5)) of the liposome confpesitisn was recorded. A ajgé) a{'quot af each
liposome-preapartion was centrifuged atla 2,292g an _1or 2 hours.
~ollowing centrifugation, an Ellqﬁc)f%ﬁhe Eéﬁ?\p s |5leth rﬁwg from
the top layer of the centrifuged sa H@and the pagticle size digljbution
Hled usi '?3%%5‘@%‘"" |5‘?>f1ab izer The-rean-mass-di of the
layer of suypernatant was recordéd. An example of{liposome
grﬁ%@ﬁlons t@@t%%?sthe Brésenttptotqddl.fs shekn (rB3Fgurés.8a-8c.

MBandhe samplenvamphase unstabie, heacentifggatio grovideda. 10

selid-pelet-at the-bettom-of the-centrifuge tube | and al._clear supéernatant,

[\¥] lJCIICL AT LII\’ JOTToT
Figure 8a, Upon measurement with the Malvern Mastersizer, essentially
no particles were detected, in the supernatant as confirmed by an
offke W@Imyhﬁdﬁom&%ﬁqm&ﬂm ax@re QB RO WELKRAWLRY monitored
?rlsoa%ﬁlglleg in th easllréea .a swt b e test for determining the
olume antount o?lllposomes Oﬁltﬁé WadiphsRspsREomo Ragticle

pélﬂétdb@é@bmﬂylefahehwmﬁa gatoniacddhe saigpleinshecortibdasibeing
reMainee A NABRALNSAHS AIFRFEIR.YRPNIDGAsUrement with the

Malvern Mastersizer, the obscuration value con rmed the | preé’gﬁsc?@t 1ﬁkered
VAT Rttt T theresb sneapsrlatiandahBhndes mitiarfdidipetenef is

thestipbsp o fagane s GR% 2 190V lihs Malied e5AIdet IR RS 4 4oc

starting formul
%a R fhours aﬂm extreme conditions were necessary to create a proper pellet for the

very phase stable formulations. The supernatant and pellet were both analyzed for
drug by reverse phase HPLC using a C8 column with UV detection and buffer of
40/40/20 ammonium acetate buffer/methanol/acetonitrile. The neat sample was also

injected, to calculate mass balance. Percent encapsulated is calculated by:

%E= C(peliet) x100%
C(pellet) + C(supernatant)

wherein C(pellet) is the concentration of drug in the pellet and C(supernatant) is the

concentration of drug in the supemétant.

No significant changes in particle size distribution, percent encapsulation or
phosphatidylcholine content were observed. The preparations were phase stable by
visual inspection and for samples from the 15 litre lot the Particle Size Index was 0.72
after 19 months storage. Q
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20 Using the d(0..5) value as the marker for the consistency of particle
size distribution, we define a Phase Stability Index (PS Index) by the
following equation Phase Stability Index = d(0.5)
post-centrifugation/d(Q.5) pre-centrifugation When the sample was phase
stable as defined herein, following centrifugation there was no visible

nd iposomes.appeared to remain uniformly distributed 25
b e SR B MR st il be
?@E@mﬁmﬁm &kBlaf M@mlmﬁﬁmﬁfﬂiﬁye?ﬁ?%@&ﬁ@&%ﬂgmmom

: . : adient or partial pellet were noted on

O e e e Rt o vl
S efuticto vdertrahdit fagsctthitlod dgutk08: 36T elumher iloskata;fferont
GRIBPASHIAR W § 18 stability; Bl 9 shaws a 34
photograph of a Iip%i%?a%ﬁbﬂ%ﬁm%ﬁ%%% E%gas%%ﬂﬂ?f:
After centrifugation, some of the liposoines have settled and a pellet is
visible. The supernatant was not clear, with some liposomes remaining in
suspension. This picture was taken with backlighting to permit
visualization of the demarcation between the 5 pellet and the
supernatant. The PS Index for various liposome compositions was
measured using this method both prior to and after autoclaving the
compositions, and the data are summarized in Figure 4. Overall,
formulations containing only the free base of the drugs were generally
phase 10 unstable before and after autoclaving. The only exception was
the formulation with Sumatriptan. However, Sumatriptan carries a charge
at the pH of the final formulation whereas all the other molecules are
uncharged or only partially charged at the pH of the final formulation.
Overall, the autoclaving of the liposome formulations increased the
number of 15 liposome formulations that were characterized by a PS
Index greater than 0.6 as summarized in Table 3 as follows:
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Table 3 PS Index | % of Formulations % Formulations Pre-Autoclave
Post-Autoclave PS Index <0.1 51% 25% 0.1 < PS Index 5 0.6 23% 13%

PS Index > 0.6 26% 62% Prior to autoclaving, 51% of the formulations

generally had poor or no phase stability, 20 with only 26% of the

formulations having excellent phase stability. Following autoclavihgPtHeW!SE
number of phase stable liposome preparations increased dramatically to
6Jek®296 of all the preparations. With the addition of the appropriate

amount of an acid, it was possible to titrate the pH of the preparationsto
fangesbafgbiptHaoprae e episieadondrisging amhsintsviisal a5 Hnilisgeomposition
group of the lipophlic amine drug was protonated. At pH ranges between

about Af%‘ﬂ%n%ig‘gm 7, and following the autoclaving step, the liposomes

display. asl 35 g%m%%lfeag %eBQsar% i"E%l:;)ility. Figure 1Q_and Figure ;1

compare the we and post- autoclaved Phase Stability Index of liposome
prepargiipns qaRiainRgianiaryhashepinmrilicine of Figure 4. In

Figure 10, the graphs show that prior to autoclaving; the formulations

were prene toassaelisnentappimicsng genisifugatignt asasefiestad bynamiloned in the
PS Index. In. contrast, after autoclaving, all formulations with pH values

below that of tipespissohid iamydlobled=it:8) were phase stable. Referring

to Figure 12 and Figure 13, these graphs compare the pre- and post-

autoclaved PHase Stabiftyhiigsnridsbrhapressaiistibhacepipiareid, wherein the
containing ondansetron (pKa - 7.4) as the lipophilic amine. For the = _
compositions with 10PBHISREL{FRIY HrRsRIARIA & SeleeitdF b e Rigyif o inorganic
the data than for fentgcqé/l rzln\(pd this appears to stem from two main

classes of formulations, tﬁose containing pahnitic acid and those

containing higfy Ondansgiian EABARNIAIAN. THeRARAIIGIAGH FRSURIRINRine, and
formulations behaved less well as they tended to form viscous mixtures

and the optionally a pharmaceutically acceptable acid comprising a

pharmaceutically acceptable organic acid;
wherein the quantity of the pharmaceutically acceptable acid present in the
composition is such that the pH of the liposome composition is less than or
approximately equal to the pK, of the amino group of the pharmaceutically active
lipophilic amine, further comprising ethanol, wherein the ethanol is present at
between about 2.5% and about 10% of the total volume of the liposome

composition.

2. A stable liposome composition for delivering a pharmaceutical agent, the composition
comprising:
(a) a suitable aqueous medium;

(a) liposomes formed from a suitable phospholipid;
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liposome content was less uniform. At high ondansetron concentration
(2.4 mM) 15 visible crystals of drug were observed. When these two
subclasses of formulations are removed, the trend for the ondansetron
formulations is consistent with fentanyl, namely that after autoclaving,.OYD WISE
formulations with pH values below the pP, of the lipophilic amine are
phase stable, Figures 14 and 15. Referring to Figure 16 and Figure 17,
relating(bd conapdsitions qoataimingic20agem atriptan Ghaigareally @nbagheated in the
formulation with the free drug was phase stable upon initial preparation.
As with other HRIgGEMEtratihBethe SRAPpiAAYST to lower pH imparts phase
stability after autoclaving to a larger number of formulations. The required
pH is lower fof SumaftipRaRifin ABYRSARF SRS esnstGatiarr senthisoptiflicvherein the
amine, it also has a Slfllfon%rendgcea roup ip i gasct]r %tger]%é h?frmultiple L .
ionisable groups 25 and correspo mgpp & Valles and has Tha [gdg or morganic
octanol water partitiogbggg,ﬁjcient (Log P=1.05) Referring to Figure 18 and
Figure 19, relating to compositions containing prochlorperazine of Figure
4, the formulatigns wepsdenideute I8 RiasarkaRialRotbidRERGIQ AsoBIl@snine, and
after autoclaving. The autoclaving was shown to have a negative 30
impact only on formudatiomslat highgraphhaakitedly nodcaapidsdléormuidatiob@prising  a
with other drugs. Prochlorperazine has a higher pKa of 8.lwhich is higher
than either 36 ondarPetpnscotitatitaaspbpiinpihttie fodnulionsthe quantity of the
prepared with ondansetron were fully 2 p1-I units lower than the pKa.
Particle Size of LipodBRigeceies!Lrespglsatitmasiposdhses npiitign is such that
change significantly tiﬂ]esl e ff%IL win autoclavlnlg. F;grticle size distripution

cte A

of the liposomes 5 is conducted BY & Iigitt é%:ogﬁ_ émggfmpmeg equal to
Malvern Mastersizer 00, affgr QH%%%Q{) hel Bﬂgﬁ@c%ﬁtlgaf?}sa%ﬁ@i\’}lgigﬁ'ﬂﬂic amine,

water for injection. The results from our studies using preparations wit

PS Index > 0.6 after qutasiamingysoaw fhakile mMmeapdsefdéOnmoshienave a mass

liposomes, measured prior to centrifugation of the native preparation or
the autoclaved preparatian diackeasds(HrtioRadhafterothe @uioglaying

3. A stable liposome composition for delivering a pharmaceutical agent, the composition
comprising:
(@) a suitable aqueous medium;
(a) liposomes formed from a suitable phospholipid;
(b) at least one pharmaceutical agent being at least partially encapsulated in the
liposomes, and being selected from:

(D a lipophilic amine and a pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic
acid, and

(ii) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and

optionally a pharmaceutically acceptable acid comprising a
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1.0 with most of the formulations showing less than a 33% increase in

liposome size. Greater changes in liposome size were recorded for
formulations with pll values below p114 or above pH 7 as shown in Figure

7. As discussed above, the preferred pH range for the formulationslisOYD WISE
about between 4-7, and. preferably between 5-6, to optimize the physical

and chemical stability of the entire formulation. 15 Example 4 - Storage

Stability Preparationsheontaéningly mixtpieblof fremife atahywhardiliposgnaetity of the
encapsulated fentanyl were prepared by mixing an ethanolie phase with

an aqueous phase abRArigertirabhacsiisab T priderraritlie Blsecomperitpridetich that
ethanol, f ntanyl citrate, phosphatidylcholine 20 and cholesterol. The

aqueous phase comﬁlﬁféﬁ(\ﬁfgfe‘?%"mfé8ﬁ8’t‘??‘g‘é‘?d§ée?ﬁﬂi‘ﬁﬁ‘g‘?r PR RaEhequal to

were heated to a te%erﬁtur of about 56. t? 6 ge rﬁ%lslt*%gr‘?tg%rtali%%b gpi%%ic amine,

0
two phases were mixed and t garrﬁqllgtoﬁlgwgsﬂs]ﬁrpread orafu

minutes at 56-60 de&ﬁ@%%ﬁ@&l%ﬁ%fm&mmaeﬁ%%@E%Bo_%{'%ﬁmmore in the

cool to room temperature over approximately two hours. Typically, each

ml of the final aqueotsdpssidation 25 contained 500 mcg fentanyl (as 800

meg of fentanyl citrate), 40 mg phosphatidylcholine, 4 mg cholesterol,

and 100 mg ethanol, in a solution of water for injection. After filling,
preparations were autoclaved for final sterilization (some air was

present). PiNpdsiiepAstithirecontaineet bétaeiar 3B 1oMeginfitheentdhy|liposome

as free drug with the remainder (70 to 60%) in the encaﬁ)sulated fraction.
30 37 PABRYUICBISTPRVEMY S DG pAticRmEio Pt CE R Rodata e and about

rune atSé% biEﬂ[;leC ﬂgosplfllﬂl%egmqngoi'sg)gr(c)%g%tlg in g elgg%?)ggigyrg/ml)
3. A composition according to any one of claims 1-3, wherein the pH of the liposome
composition is less than the pK, of the amino group of the lipophilic amine, and a major

portion of the lipophilic amine is protonated in the composition.

6. A composition according to any one of claims 1-3, wherein the composition has a pH of

about 1 to about 2 pH units below the pK, of the amino group of the lipophilic amine.

7. A composition according to any one of claims 1-3, wherein the pH of the liposome

composition is between about 4 and the pK, of the amino group of the lipophilic amine.

8. A composition according to any one of claims 1-3, wherein the composition has a pH of

between about 4 and about 8.
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T=0End T =0 End T=0j Ends time time time 1 litre 13 months 5.7 5.7 - -

(- . - 2.5 litres 20 months 6.4 6.3 66.6 64.9 33.5 32,8 15 litre 12 months

61 6.3 63.9 9.5 33.6 34.5 The aqueous liposomal preparations were ;
stored at 4 degrees Celsius and monitored 10 for stability of particle-Size WISE
distribution and changes in drug encapsulation. Particle size distribution

of the liposomes is conducted by a light scattering method employing a
Ralverm Masgtesisizesc2000h afieradi 8lionaithkel pagasiesiRaeisge Sabtveen about 4
filtered Water for Irrigation. The percent encapsulation of the drug within

the lipdsares Is tested by centrifuging the liposomes at high centrifugal

force (gmax 277816), at 40C 15 for two hours. The extreme conditions

were necessary to create a proper pellet for the very phase stable

formulagions. The supernatant and pellet were both apalyzed for drug by
s B8 T B A S PR o R g about .5

40/40/20 ampmegivim acetate buffer/methanol/acetonitrile. The neat

sample was also injected, to calculate mass balance. Percent

encapsulated is calculated by: 20 %E= C(pellet) X100% C(pellet) +
C(supernatant) wherein C(pellet) is the concentration of drug in the pellet

and C(supeipalsinh dsctih¢ing b chnesnivadion OF dougilitha saspgRataatwda about 5
significant changes in particle size distribution, percent encapsulation or
phospreidpiaiiéline content were observed. The preparations were phase
stable by visual inspection and for samples from the 15 litre lot the

Particle Size Index was 0.72 after 19 months storage. 38 Alihoudfi

?Enbodiments of the invention have been described herein, it will be
. A composition according to any one of claims 1-3, further comprising cholesterol.

13. A composition according to any one of claims 2-3 further comprising ethanol, wherein the
ethanol is present at between about 2.5% and about 10% of the total volume of the liposome

composition.

14, A composition according to any one of claims 1-3, wherein the phospholipid has a net

neutral charge at about physiological pH.

15. A composition of claim 14, wherein the phospholipid comprises phosphatidylcholine.
16. A composition according to any one of claims 1-3, wherein the aqueous medium is water.
17. A composition according to any one of claims 1-3, wherein the pharmaceutical agent is also

free in the aqueous medium.
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understood by those sldlied in the art that variations may be made thereto
without departing from the spirit of the invention or the scope of the
appended claims. It will be further understood by those skilled in thf—:" %r\‘gr) WISE
that elements of the different embodiments of the present invention riiay” "'~
be combined in any logical manner. 39 LLOYD b"JIS CLAIMS: I. A stable
Ii%osome composition for delivering a. g)harmaceutical agent, the

mpoSitiSTRSSHiRHSRTE- YA AostHtbIL adetsin hrearifihso{alnRieesrhegpsulated
formed from a suitable phospholipid;,(b gast one pharmaceutical agent
peing A TS R oS R e b omhad, Ui e o aagount of

from: (B2 lipapiilic aming And aRhamacauical.agssPtable acid,

wherein the pharmaceutically acceptable acid is selected from an organic

or inorganic 10 acid, and (ii) a pharmaceutically acceptable organic acid

salt of a lipophilic amine, and optionally a pharmaceutically acceptable

agid compeisipgigopharmiice ubicddiyh at; eptiakie oiganicaaciol itweseia theapsulated
quantity of the pharmaceutically acceptable acid present in the 15
compoBsltonaeesirsh dgantreoppiisstiaboi g¥imeccaposRionds tesgdhirmmount of
or approximately equal to the pKs of the amino group of the
pharmKBRTRRCEHY AL ERAE RFSEMi B liPRS ORI Y RERRBHIYHSIng ethanol,

wherein the ethanol is present at between about 2.5% and about 10% of

the total volume of the liposome composition. 20 2. A stable liposome

SQmpoﬂt@)%%rsﬂ‘SHV&@&%lﬁgo Qagmnancqg,“%%le%gr? %’eﬂﬂgrcce%mgfo 11'7}:(|)gglme encapsulated
comprising:
pharmaceutical agent comprises about 50% to about 75% of the total amount of

pharmaceutical agent present in the liposome composition.

21, A composition according to any one of claims 1-3, wherein the pharmaceutically acceptable

acid of step (b) (i) comprises an organic acid.

22. A composition according to any one of claims 1-3, wherein the pharmaceutically acceptable

acid of step (b) (i) comprises an inorganic acid.

23. A composition according to any one of claims 1 and 3, wherein the liposome particles of the

liposome composition have a mass median diameter (d(0.5)) of less than about 10 microns.
24, A composition according to any one of claims 2 and 23, wherein the liposome particles of

the liposome composition have a mass median diameter (d (0. 5)) of less than about 6

microns.
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(a) a suitable aqueous medium; (a) liposomes formed from a suitable
phospholipid; 40 (b) at least one pharmaceutical agent being at least
partially encapsulated in the liposomes, and being selected from: (i) a
lipophilic amine and a pharmaceutically acceptable acid, wherein the-LOYD WISE
pharmaceutically acceptable acid is selected from an organic or inorganic
5 acid, and (ii) a. pharmaceutically acceptable organic acid salt of a
Rpophilic @mineit@ndcapdiop allyng plrarimide teally2acebptablbedipickome particles of
comprising a pharmaceutically acceptable organic acid; wherein the
quantitihefiteeoppaprmreseisidiyy actspratsliandiemsterddrip it less than 4 microns.
composition is such that 10 the pl | of the liposome composition is less
than or approximately equal to the pK, of the amino group of the

armageutically active lipophilic aminge, , wherein liposome particles of.
ol e e i SR SR e R
than algui; RO SIETOMR G Rich MRiaPIR.UPARAME SATRISHIFN ESE geledng about 2
a pharmaceutical agent, the composition comprising: (a) a suitable
agueouysitrgdium; (a) liposomes formed from a suitable phospholipid; (b)
at least one pharmaceutical agent being at least partially encapsulated in
the 20 liposomes, and being selected from: (i) a lipophilic amine and a
pharmaceutically acceptable acid, wherein the pharmaceutically
déceptaptenssitionstsienstiok fromy ancsrigelainor-hovesagiictha diebrhHi (i) ine comprises
pharmaceutically acceptable organic acid salt of a lipophilic amine, and

25 optid RIS REYATIERUNE A Bk valttigrsind Eanmbrulr &t mhysiological pH.

28. A composition according to claim 27, wherein the lipophilic amine has a log P value of

between about 2 and about 5 at physiological pH.

29. A composition of any one of claims 1-3, wherein the ratio of pharmaceutical agent to

phospholipid is about between 1: 100 and about 1: 10 mol/mol.

30. A composition of any one of claims 1-2, wherein the amount of phospholipid present is

about 1.5 mM or more in the composition.

31. A composition according to any one of claim s 1-3, wherein upon centrifugation at a g-force
of about between about 1000 and about 5000, a temperature of about 4°C, and a time period
of about 2 hours, the ratio of the particle size distribution of the liposomes of the liposome
composition after centrifugation relative to that prior to centrifugation is equal to or greater

than about 0.6.
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LLOYD WI' pharmaceutically acceptable organic acid; wherein the
quantity of the pharmaceutically acceptable acid present in the
composition is such that the pH of the liposome composition is less than
or approximately equal to the pKa of the amino group of the LLOYD wise
pharmaceutically active lipophilic amine, 5 wherein the amount of
phospholipid present is about 1.5mM or more in the composition. 4. A
é8mpositionmacsiordingctodamzytonayosfotiiims 133, wherdinsthe lgidsofitheomposition is
liposome composition is about equal to the pKa ofthe amino group ofthe
lipophilfaapiire adsabeemreeBOYs piviealipepthihcaivile seedeontadaving.
the composition. 5. A composition according to any one of claims 1-3,
wherein the pH of the liposome composition is less than the pKa of the

ino ggoup of the lipophilic amine, amaj rtian of the lipophilic .. .
g%ine isA pcr(gr{lgr?g?leoél i?}c‘fpﬂreéjlg mop%@ftfg)afnnc%fgl%?ﬁ{étg’r%%%g}t%ﬁ pépc(%:sofn |n°g§|)r’[“c‘5J osition s

any 0“%@5&!@8@%&1‘@@&" U&ﬁ%&lﬁb‘ﬁ %ﬁﬂ?&éﬂi? QMQ’IHQI%I sﬁpf%% ja&%claving at a

about 2 pH units below the pKa of the amino"group of the lipophilic amine.

7. A corappsition acesyding te ams anginhelaimsoir 35 whanein the pH of
the liposome 20 composition is between about 4 and the pK, of the amino

group of the lipophilic amine. 8. A composition according to any one of

claims 1-3, wherein the composition has a pH of between about 4 and

dbout 8A4PMPEOViPN Mg megtoAl e sitipimBsdipkaete asiaipnsBions are physically
wherein the composition has a pH of between about 4 to about 7. 10. A

compo@ftfbarialitiePto RIaFast WAkHIA 1R HSPBEmbEcRaevS Prfisfzing point of

betweeéﬂeal?%‘é}, rf{é5co?n anscljﬁéabsout 6.5. it. A composition according to claim
8, wherein the compogl 61 has a pH of between about 5 and about 6.
35. A composition according to claim 32, wherein the liposome compositions are physically and

chemically stable for at least 18 months at a temperature above the freezing point of the

liposome compositions.

36. A composition according to claim 32, wherein the liposome compositions are physically and
chemically stable for at least 24 months at a temperature above the freezing point of the

liposome compositions.
37. A composition according to claim 32, wherein the percent encapsulation of drug in the

liposome composition is substantially stable over a period of at least 20 months under an

inert atmosphere.
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10 12. A composition according to any one of claims 1-3, further

comprising cholesterol. 13. A composition according to any one of claims

2-3 further comprising ethanol, wherein the ethanol is present at between

about 2.5% and about 10% of the total volume of the liposome LLOYD WISE
composition. 15 14. A composition according to any one of claims 1-3,

wherein the phospholipid has a net neutral charge at about physiological

pBl. 15./A oamp@isitionhdiaing 1daiwheeirmirenhesphalini@ CORoRISEsid does not
phosphatidylcholine. 20 16. A composition according to any one of claims

1-3, whedreivicthe dagersio by medithan isbwratH)s (Weighterigositien apotrdifgt least 20
to any one of claims 1- 3, wherein the pharmaceutical agent is also free in

the aqd@%‘ﬂlésmedium. 2543 LL.O"? Q rWisi 18. A composition according

to claim 17, wherein the percent of liposome encapsulated pharmaceutical
agent comprises about 50% to about 90% of the total amount of
@Barmqg%lgﬂg)%g{%gg%ggpd‘%%%nc@&|lpgs&ﬁg%lgomp g%%'t?@'.(g 1863Aholipid does not
composition according to claim 18, wherein the percent of Ilpo%onfe
encapsiaifchipRRENACEY itaL AR RIILISRS: RANE SR78 10 aRRILSAY4t least 20
of the total amount of pharmaceutical agent present in the | iposome
composibems20. A composition according to claim 19, wherein the percent

of liposome encapsulated 10 pharmaceutical agent comprises about 50%

to about 75% of the total amount of pharmaceutical agent present in the
liposome composition. 21. A composition according to any one of claims

103, whereirrpratisA ansadisatie sl ce pliasten BisidiropBibip abing)does not chemically

comprises an organic acid, 15 22. A compasition according to any one of

claims 12820 BIAr SR AL A CeOYRE alelib Py @ period of at least 20 months.

41. A composition according to claim 32, wherein the lipophilic amine does not chemically

degrade by more than about 2% (weight/weight) over a period of at least 20 months.

42, A sterile and stable liposome composition for delivering a pharmaceutical agent, the

composition comprising;

(a) a suitable aqueous medium ;
(a) liposomes formed from a suitable phospholipid;
® at least one pharmaceutical agent being at least partially encapsulated in the

liposomes, and being selected from:

(i) a lipophilic amine and a pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic
acid, and

(ii) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and

optionally a pharmaceutically acceptable organic acid, and optionally a
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acid of step (b) (i) comprises an inorganic acid. 23. A composition

according to any one of claims | and 3, wherein the liposome patrticles of

the 20 liposome composition have a mass median diameter (d(0.5)) of

less than about 10 microns. 24. A composition according to any one of.0OYD wisE
claims 2 and 23, wherein the liposome particles of the liposome

composition have a mass median diameter (d (0. 5)) of less than about 6
microns. 25 44 LLOYbuMihSdntic2ly Acepnbpositiennaatorg nghiomanynaaiyabceptable
claims 2 and 23, wherein the liposome patrticles of the liposome

composition have a niagganeidian diameter (d (0. 5)) of less than 4

microns. 26. A composition according to any one of claims 2 and 23, _
wherei {&pBE SHTBROSIHRAES Bittos!irediigpEther b rApyLifioR HAY @hgrmaceutically
mass median diameter (d (0, 5)) of less than ut 2 mjcrans. 27. A .
compo%clﬁ%})r%%@c%% i%rﬁs?otagrr’]%/h%%oemgfb TS Sf?:g%\}vaﬁﬁlreeﬁft?%}ﬁﬁ%mn? composition

amine RQNOPFISES, gplbpg)gmyt%l?%'%? Nt BRS &89 fmRlue of sraat am%geutically

about 1.0 at physiological pH.”10 28. A composition according to claim
whereigcthe fipgmiiteAmNahRas solagEinaduaw). between about 2 and
about 5 at physiological pH. 29. A composition of any one of claims 1-3,
wherein the ratio of pharmaceutical agent to 15 phospholipid is about
between | : 100 and about | : 10 mol/mol. 30. A composition of any one of
¢haims A -Stexih ersirstbde dinetenteod itositieolifoid flesentis RilboutckiBiariMegent, the
or more in the composition. 20 31. A composition according to any one of
claim sCAMPOHRET & BPYAE entrifugation at a g-force of about between
about 1000 and about 5000, a temperature of about 4C, and a time period
of abok? 2 holr& AR IS BF e B&Hicle size distribution of the liposomes
of theI& osorqleoggnr;%%?grtrilg@ @fter centrifu %tsipn Helfative to that prior to
centrif %ation IS equal to or greater than about 0.6."

(

b) at least one pharmaceutical agent being at least partially encapsulated in the

liposomes, and being selected from:
Q) a lipophilic amine and a pharmaceutically acceptable acid, wherein the
. pharmaceutically acceptable acid is selected from an organic or inorganic
acid, and
(ii) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and
optionally a pharmaceutically acceptable organic acid, and optionally a
pharmaceutically acceptable acid comprising a pharmaceutically acceptable
organic acid;
wherein the composition is autoclaved, and wherein quantity of the pharmaceutically
acceptable acid present in the composition is such that the pH of the liposome composition
is less than or approximately equal to the pK, of the amino group of the pharmaceutically
active lipophilic amine, wherein the liposome particles of the liposome composition have a

mass median diameter (d (0.5)) of less than about 10 microns.

48



10

15

20

25

25 45 C}YUWISE 32, A composition according to any of claims 1-3 1,
wherein said. liposome composition is autoclaved and said composition is
physically and chemically stable to autoclaving. 33. A composition

according to any of claims 1-31, wherein the liposome composition is 5
autoclaved and said composition is physically and chemically stable to
autoclaving at a temperature of about 121 C for a minimum of abdut?18) WISE
minutes. 34. A composition according to claim 32, wherein the liposome
compositions are physically and chemically stable for at least about one

year at a temperature above the freezing point of 10 the liposome
compositions. 35. A composition according to claim 32, wherein the
fisosonie LB IAR G R SATSI CAMP S e AT Sablehionaferdisat ggent. the
months at a tﬁmgeratugemabove the freezing point of the liposome
compo%?ﬁndor%. PE S6K %oﬁﬁposition according to claim 32, wherein the

Iiposor’@g COW&ﬁ@&@Q%ﬁ&&W@&ﬁﬁHB{ and chemically stable for at least 24

months at a temperature above the freezing point of the liposome
COMPOEI§ions.|@2Qs3he A GRBPRSH QRAGERIFHIGHIR Ghaim 32, wherein the

percent encapsulation of drug in the liposome composition is substantially
stable @wer a pettag ohatpleash2Otidntisubeep an itaerpatnibsphetesuiifd in the
Li.OYD WI'SG 38. A composition according to claim 32, wherein the

amount of phdippbmtipichudbeinotethterhitally degrade by more than about

10% (weight/weight) over a period of at least 20 months. 539. A .
composition a(&ordiﬁghtt?@vaprﬁwagw}wsr@wﬁﬁ@a&ﬁ%mﬂw&m@ﬁﬁaﬁwhmm the

does not chemicaly ot R SR AR S RIS Sorgan
acid, and
(i) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and
optionally a pharmaceutically acceptable organic acid, and optionally a
pharmaceutically acceptable acid comprising a pharmaceutically
acceptable organic acid,
wherein the composition is autoclaved, and wherein quantity of the pharmaceutically
acceptable acid present in the composition is such that the pH of the liposome composition
is less than or approximately equal to the pK, of the amino group of the pharmaceutically
active lipophilic amine, wherein the liposome compositions are physically and chemically

stable and sterile for at least about one year at a temperature above the freezing point of the

liposome compositions.

45, A sterile and stable liposome composition for delivering a pharmaceutical agent, the
composition comprising:

(a) a suitable aqueous medium ;
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months. 40. A composition according to claim 32, wherein the lipophilic

amine does not chemically 10 degrade by more than about 5%
(weight/weight) over a period of at least 20 months, 41. A composition
according to claim 32, wherein the lipophilic amine does not chemicgally, WISE
degrade by more than about 2% (weight/weight) over a period of at least

20 months. 15 42. A sterile and stable liposome composition for delivering

a phari@aceutipabagentrthel tampeositioh gosyhkispid: (a) a suitable

agueous medium (a) liposomes formed from a suitable phospholipid; (b)

at leasttone phalepticugticirageavtibadingeat ket phierillypatiebp sukarstlsed in the
the 20 liposomes, and being selected from: (i) a lipophilic amine and a
pharmaceutic AR aRes S GRS the pharmaceutically

acceptable acid is selected from an organic or inorganic acid, and (i) a .
Pharmacoutical oo 2R A AL SRS AT L g oo
25 optionally a pharmgceically, AcERIAIR ARANICaG. AR ARIZRAN: horganic
47 _,,;,la W pharmaceutically acceptable acid comprising a

pharmaceutically accgptakleé organic acid; wherein the composition is
autoclaved, and wherein quantity of the pharmaceutically acceptable acid
present in the(dpmpogitiamissiichl thaicthetgtHooddiie dybdsdmeadgrygobitianne, and
5 is less than or approximately equal to the pKa of the amino group of the
pharmaceutically acttoipby hiltbaanieratitaltheecepiahbvisiagistheidotnd Ipppnally a
sterile and stable liposome compaosition for delivering a pharmaceutical _
agent, the compositiBIERTRHERY: AecerRiehISuRssIe AgREsIE nfedliffmaceutically

(a) liposomes formedaZrc%Ir)([]a esg}%gglceagll?iosphohpld;

wherein the composition is autoclaved, and wherein quantity of the pharmaceutically
acceptable acid present in the composition is such that the pH of the liposome composition
is less than or approximately equal to the pK, of the amino group of the pharmaceutically

active lipophilic amine, wherein the ratio of pharmaceutical agent to phospholipid is

between about 1: 100 and 1: 10 mol/mol.

46. A sterile and stable liposome composition for delivering a pharmaceutical agent, the

composition comprising:

(2 a suitable aqueous medium ;
(a) liposomes formed from a suitable phospholipid;
(b) at least one pharmaceutical agent being at least partially encapsulated in the

liposomes, and being selected from:
(i) a lipophilic amine and a pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic

acid, and
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(b) at least one pharmaceutical agent being at least partially encapsulated

in the liposomes, and being selected from: (i) a lipophilic amine and a
pharmaceutically acceptable acid, wherein the 15 pharmaceutically.ovp wise
acceptable acid is selected from an organic or inorganic acid, and (ii) a
pharmaceutically acceptable organic acid salt of a lipophilic amine, and
optionally a pharmaceutically acceptable organic acid, and optionally a
pharmaceuticéilly aceaptaineatichitpapnisibly argpinér aeatsuticaiipophilic amine, and
acceptable 20 organic acid; wherein the composition is autoclaved, and
wherein quantity of tigtjsmalnacberiasytictveisespleblcrieppissatitigngheptionally a
composition is such that the pH of the liposome composition is less than |

or approximately equl¥8 & Lo IRERARIR0 3#duSBrRHYne @ pharmaceutically
pharmaceutically active Iitpgrghilic aming, wherein the liposome patrticles of

the liposome composﬁ%lcgﬁ have & 25 mass median diameter (d (0.5)) of

less th%é@i‘ﬂ%;qmgﬂ% 48 &%JM\Qd,WA@ Evh%ﬂ:'nﬁ(ﬁ;ﬁm@ %@Qh%t%m%naceutically

liposome composition for delivering a pharmaceutical agent, the
composiien6aNapd$iRgnD ihacsHipkieagueaUG e I T (@) jResasmposition
formed from a suitable phospholipid; (h) at least one pharmaceutical agent
being &t lesshpastiafiyrericapiy taped tinthh eKlipd $omes)enrdupeifithsphestackutically
from: (i) a lipophilic amine and a pharmaceutically acceptable acid,

whereifcthe PO aiseutien) decaprapiebrigsihebrdt sepseahisagout 1.5mM or
organic or inorganic acid, and (ii) a pharmaceutically acceptable organic

acid salt®f & H5SAAMESine, and optionally a pharmaceutically

acceptable organic acid, and optionally a pharmaceutically acceptable

acid comprising a pharmaceutically

47. A sterile and stable composition according to any one of claims 42-46, wherein the pH of
the liposome composition is about equal to the pK, of the amino group of the lipophilic

amine, and about 50% of the lipophilic amine is protonated in the composition.

48. A sterile and stable composition according to any one of claims 42-46, wherein the pH of
the Iiposéme composition is less than the pK, of the amino group of the lipophilic amine,

and a major portion of the lipophilic amine is protonated in the composition.
49, A sterile and stable composition according to any one of claims 42-46, wherein the

composition has a pH of about 1 to about 2 pH units below the pK, of the amino group of

the lipophilic amine.
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15 acceptable organic acid; wherein the composition is autoclaved, and

wherein quantity of the pharmaceutically acceptable acid present in the
composition is such that the pH of the liposome composition is less thamy;

or approximately equal to the pKa of the amino group of the

pharmaceutically active lipophilic amine, wherein the liposome

compositions are physically and chemically 20 stable and sterile for at

iast ahourinenyeabrt@itgoijienaiucerdibgweatheofreezingnpoiniief therein the pH of
liposome compositions. 45. A sterile and stable liposome composition for
deliverihg bppivarenemeenaididraijebivitrn donipbsitibthemiprisithg:a@8n@pmup of the
suitable aqueous medium 49 (a) liposomes formed from a suitable

phospHBIBHLY AN #R%east one pharmaceutical agent being at least partially
encapsulated in the liposomes, and being selected from: (i) a lipophilic

amine and a pharmaceutically acceptable acid, Wherein the 5

pharmaceiically acceptable, gk%hs Seles fxed HO ;‘ h’%%g Crein the

aC|d and (i) a pharmaceutlc y accepta orga |c aC| a lipophilic

amine C@@&Q@@pﬁ@l%ﬁ,{ phaaseicallyrcasRiable organlc acid, and
optionally a pharmaceutically acceptable acid comprising a

pharmaceutically 10 acceptable organic acid; wherein the composition is
autoclaved, and wherein quantity of the pharmaceutically acceptable acid
presendisictile austpoisitionpiss kiwohdahedittydopttiof theviposotre copeptisitiena pH of
is less than or approximately equal to the pK, of the amino group of the
pharm&eRisseaiyuitivebRpbphilic amine, wherein the ratio of

pharmaceutical agent to phospholipid is 15 between about 1: 100 and 1:

10 mol/mol. 46. A sterile and stable liposome composition for delivering a

E)Ip armac§ gr‘illg%lng gtegllté égr%pgs%‘%%%%é%‘? in ?o C%I‘}%I r5]9,:wherein the composition has a pH of

between about 4.5 and about 6.5.

54, A sterile and stable composition according to claim 53, wherein the composition has a pH of

between about 5 and about 6.

55. A sterile and stable composition according to any one of claims 42-46, further comprising
cholesterol.

56. A sterile and stable composition according to any one of claims 43-46, further comprising
ethanol.

57. A sterile and stable composition according to claim 42 or 56, wherein the ethanol is present

at between about 2.5% and about 10% of the total volume of the liposome composition.
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(a) a suitable agueous medium 20 (a) liposomes formed from a suitable
phospholipid; (b) at least one pharmaceutical agent being at least partially
encapsulated in the liposomes, and being selected from: (i) a lipophilic

amine and a pharmaceutically acceptable acid, wherein the -
pharmaceutically acceptable acid is selected from an organic or mord 1@ WISE
25 acid, and 50 LLOYD] WISE (ii) a pharmaceutically acceptable organic

acid salt of a lipophilic amine, and optionally a pharmaceutically

acceptable organic acid, and optionally a pharmaceutically acceptable

adid cotpirsinguedptisiin seeptittfy asevdpratife agamicoiciBigs aekeinvherein the
the composition is autoclaved, and wherein quantity of the

pharmZETARCHA hes e PtaBTEtaLRI4see abthon M IAsifasRdN is such that

the pH of the liposome composition is less than or approximately equal to

the pK, of the amino group of the pharmaceutically active lipophilic amine,
whrerein e RMQUALG! RIARRRAIAILS GRS UdF A0 Whbr R Me OhoBRERH comprises
the composition. 10 47. A sterile and stable composition according to any

one of ghaipaviidhewberein the pH of the liposome composition is about

equal to the pKa of the amino group of the lipophilic amine, and about

50% of the lipophilic amine is protonated in the composition. 15 48. A

sterile and stable composition according to any one of claims 42-46,

ffherein trailsiandfstahle iposeriercisnopbnitionns dassiplaimi e gRavbérdiethe aqueous
amino group of the lipophilic amine, and a major portion of the lipophilic

amine TBHRSTLIAYRE N the composition. 49. A sterile and stable

composition according to any one of claims 42-46, wherein the 20

composition has a pH of about Ito about 2 pH units below the pK, of the

@F.“”O grg{éﬂlgfaﬁlaes&lBPepmu?pggmghe'according to any one of claims 42-46, wherein the

pharmaceutical agent is also free in the aqueous medium,

62. A sterile and stable composition according to claim 61, wherein the percent of liposome
encapsulated pharmaceutical agent comprises about 50% to about 90% of the total amount

of pharmaceutical agent present in the liposome compositions.

63. A sterile and stable composition according to claim 62, wherein the percent of liposome
encapsulated pharmaceutical agent comprises about 60% to about 80% of the total amount

of pharmaceutical agent present in the liposome compositions.
64. A sterile and stable composition according to claim 63, wherein the percent of liposome

encapsulated pharmaceutical agent comprises about 50% to about 75% of the total amount

of pharmaceutical agent present in the liposome composition.
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51 (J-Oyu 1INir. 50. A sterile and stable composition according to any
one of claims 42-46, wherein the pH of the liposome composition is
between about 4 and the pK,, of the amino group of the lipophilic amine.
5 51. A sterile and stable composition according to any one of claims-OYD WisE
42-46, wherein the composition has a pH of between about 4 and about
8. 52, A sterile and stable composition according to claim 51, wherein the
66mpogitioerifagndpithidt betwedtivabocdrditg abauy Dnd ®H3aknstéTiks antlercin the
stable composition according to claim 52, wherein the composition has a
pH of BadRasAuEEY (Yt 8 Bréd: abid it 618 54) poutesiiks amdrgaisiecid.
composition according to claim 53, wherein the composition has a pH of
15 between about 5 and about 6. 55. A sterile and stable composition
cordipg to.any gne of claims 42-46, further comprising .cholesteral, 20 .
B s e e e PR s ren e
further (S] ' 0 itl ording
ol B e A B S A ot
and about 10% of the total volume of the liposome composition. 25 52
LLOYD 'WV,SL 58. A sterile and stable composition according to any one
67 claintsst2i4 Gnaviarieico tes ploa aphatiiig th asysomet frugtitial z hadga-ab, wherein the
about physiological pTT. 5 59. A sterile and stable composition according
to clainiBBowheaicishe hhbspieoliptonasifirideycpinsspredien digredion (#e.5)) of less
60. A sterile and stable composition according to any one of claims 42-46,

whereiff &bt dQ qucrons.

68. A sterile and stable composition according to any one of claims 43 and 67, wherein the

liposomes have a mass median diameter (d(0.5)) of less than about 6 microns.

69, A sterile and stable composition according to claim 68, wherein the liposomes have a mass

median diameter (d(0.5)) of less than 4 microns.

70. A sterile and stable composition according to claim 69, wherein the liposomes have a mass

median diameter (d(0.5)) of less than about 2 microns.
71. A sterile and stable composition of any one of claims 42, 43, 45 and 46, wherein the

liposome compositions are physically and chemically stable and sterile for at least about one

year at a temperature above the freezing point of the liposome compositions.
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medium is water. 10 61. A sterile and stable composition according to any

one of claims 42-46, wherein the pharmaceutical agent is also free in the
agueous medium. 62. A sterile and stable composition according to claim

61, wherein the percent of liposome 15 encapsulated pharmaceutical LOYD wisg
agent comprises about 50% to about 90% of the total amount of

pharmaceutical agent present in the liposome compositions. 63. A sterile

and stabletatimpasitioblaceapdiiiptoactmidiG2ionigreinitie pereaatad the liposome
liposome encapsulated pharmaceutical agent comprises about 60% to

about SOwrofitihasatalrhrmisait a0 dfephealinatblaionl sigektipretéaastndmeonths at a
liposome compositions. 64. A sterile and stable composition according to

claim 65 MRHEIEMAE BT dERE R MIBESHTEe HPRsepsunate Pirimaceutical

agent comprises about 50% to about 75% of the total amount of

pharmaceutical agent present in the liposome composition. 25 53 Q L 65.

teril | iti ina. t clai -46, oo
Assterile andstal sas%m&ggégﬁa@&%eg%@gg@w5\%@1%%9ﬁg%zom% compositions

wherein the pharmaceutically accept of step b (1) comprises an

organicaRGify & StesHle AN Piaile FRAMPOSIHR R RGCOIAIACh R BNMPRR Blure above

claims 42-46, wherein the 5 pharmaceutically acceptable acid of step b (i)

comprisesfaerzingfgéanicraiidipbsonte stefflestioasstable composition

according to any one of claims 42 and 44-46, wherein the liposome

particles of the liposome composition have amass median diameter

d(0,5)) of less than about 10 microns. 10 68. A sterile and stable _
BmpoSititF ik cBTaTY foamp SHIOBREAIHEUS &Y 87 Rheadis g6, wherein the

liposomes haye a mass median, diameter (d(0.5)) of |ess than gbout 6

cronUPBE A LA ST S0 LG SCCH ALy e ten sbout 1.

whereigttkhe li RSO e%have a mass 15 median diameter (d(0.5)) of less
physiological pH.

than 4 microns.

75. A sterile and stable composition according to any one of claims 42-46, wherein the

lipophilic amine has a log P value of between about 2 and about 5 at physiological pH.

76. A sterile and stable composition according to any one of claims 42-44 and 46, wherein the

ratio of pharmaceutical agent to phospholipid is between about 1:100 and 1:10 mol/mol.

77. A sterile and stable composition according to any one of claims 42-45, wherein the amount

of phospholipids present is about 1.5mM or more in the composition.
78. A sterile and stable composition according to any one of claims 42-46, wherein the percent

encapsulation of drug in the liposome composition is substantially stable over a period of at

least 20 months.
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70. A sterile and stable composition according to claim 69, wherein the
liposomes have a mass median diameter (d(0.5)) of less than about 2
microns. 20 71. A sterile and stable composition of any one of claims 42,
43, 45 and 46, wherein the liposome compositions are physically and
chemically stable and sterile for at least about one year at a temperﬂ%g{«,\ WISE
above the freezing point of the liposome compositions. 54 LL OYu wvisi™: ~ """
72. A sterile and stable composition according to claim 44 or 71, wherein

the liposome compositions are physically and chemically stable and sterile
8 at 1€hste1is Atheible eomeRspioraasrardBave #Hy f?é%ﬂﬁ(j‘b‘ﬁlﬁt“@f‘iﬁe“’hmm the

liposome compositions. 5 73. A sterile and stable composjtion accordin

10 i TP TR S DS 418 By & 20 Phs
chemically stable and sterile for at least 24 months at a temperature

above the freezing point of the liposome compositions. 74. A sterile and

gtable coMmPRSIHEGAFSAINGTR A AGR Oh Gl iR 42ctfnVWREIBINHIR e amount
lipoph it is amine comprises a lipophilie aminc that has a log P value of
greatersihaapheipid Qeahphysiviegioa pHhdbicdl stgrilgaandistatle than about 10%
composition according to any one of claims 42-46, wherein the lipophilic

amine esghtegiPhtalue opbétdvebn lalpodd Bamtisabout 5 at physiological

pH. 15 76. A sterile and stable composition according to any one of

claims 42-44 and 46, wherein the ratio of pharmaceutical agent to

hospholipid is between about 1:100 and 1:10 mol/mol. 77. A sterjle an
Siable dorFEIAB I PENRE 1 AP HE A oA et B e amout

amoungf.z %o%fg%ﬁ? ?(P g(o)élrllsp h%% é)er;:eg entcﬂt?e%(? %Hén]ﬁgarln € QJer%%ek)ly rm)?e than ?bout 5%
compOS|t|%n. . ,R sterile an S{a%f:e COI’ﬂpOSItIOﬂ ac ord%ng to any one o

claims %@@e/wg%{gi&gpg PEIGEDE £REQRBWRHAR of drug in the liposome

composition is substantially stable over a period of at least 20 months. 25

55

82. A sterile and stable composition according to any one of claims 42-46, wherein the
lipophilic amine does not chemically degrade by more than about 5% (weight/weight) over a
period of at least 20 months.

83. A sterile and stable composition according to any one of claims 42-46, wherein the
lipophilic amine does not chemically degrade by more than about 2% (weight/weight) over a
period of at least 20 months.

84. A method for producing a stable liposome composition for delivering a pharmaceutical

agent, the method comprising the steps of :
(a) providing a suitable aqueous medium;

(b) providing a suitable phospholipid;
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LLOYD vi3: 79. A sterile and stable composition according to any one of
claims 42-46, wherein the compositions are substantially chemically stable
over a period of at least 20 months. 5 80. A sterile and stable composition
according to any one of claims 42-46, wherein the amount of LLOYD WISE
phospholipid does not decrease due to chemical degradation by more
than about 10% (weight/weight) over a period of at least 20 months. 81. A
sterile ad stahle o posiiothasEarthog: ficabipe aneing cipiws FBe4 at least partially
wherein the amount 10 of phospholipid does not decrease due to
chemical degradagiofntey moreliprannasowd3%in gwaighivieight) over a
period of at least 20 months. 82. A sterile and stable composition .
according to Ry onerdfterliie apieandRdvarnts U ipBprifiecaifilfetieyherein the
not chemically degrade by more B/an about 5% (weight/weight) over a 15 )
period of at least 20 R?&Hﬂ%%?‘gt%?} §f8?ﬁ8‘ba{?18°§{éso§8%€6?ﬁ )GEIG preanic or morgamie
according to any oneaolf cg%i s 42-46, wherein the lipophilic amine does
not chemically degradce y more than about 2% (weight/weight) over a
period of at legst 20 mAntAS2RiBAARSLICJQLROAUERE & SiRIilic amine, and
liposome composition for delivering a pharmaceutical agent, the method
comprising the stepsatid@)iprovidipgaarstitailgrnqueeisamedivni (Bmprising a
providing a suitable phospholipid; 56 LLU11Il ) VVIS[_ (c) providing at
least one pharmaceutlcainagetitdbincgagablegmhlbeirid; at least partially
encapsulated in the liposomes, and being selected from: (i) a lipophilic .
amine and a pHigiacBatitEmicet framapiecwipdbeipcagatable acid present in the
pharmaceutically acceptable acid is selected from an organic or,i_norgalnic 0
5 acid, and (iif SMSHHAJS SHEAITPL S BHL ST BrgNeBEi §uRRPEFgn 18 less than or
lipophilic amma%b%@c?mately equal to the pK, of the amino group of the pharmaceutically active
lipophilic amine;
(d) combining the aqueous medium, phospholipid and pharmaceutical agent to form
the liposome composition; and
(e) optionally autoclaving said composition, wherein ethanol is present at between
about 2.5% and about 10% of the total volume of the liposome composition,
wherein ethanol is present at between about 2.5% and about 10% of the total

volume of the liposome composition.

85. A method for producing a stable liposome composition for delivering a pharmaceutical
agent, the method comprising the steps of :
(a) providing a suitable aqueous medium;
)] providing a suitable phospholipid,;
(©) providing at least one pharmaceutical agent being capable of being at least partially

encapsulated in the liposomes, and being selected from:
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optionally a pharmaceutically acceptable acid comprising a

pharmaceutically acceptable organic acid; wherein the quantity of the
pharmaceutically acceptable acid present in the 10 composition is such

that the pH of the liposome composition is less than or approximately-QYD WiSE
equal to the pKa of the amino group of the pharmaceutically active

lipophilic amine; (d) combining the aqueous medium, phospholipid and
pharmaceuticé agert tpdphitic theriposbamehoompositidy; aarghtdblqeyid, wherein the
optionally autoclaving said composition, wherein ethanol is present at

between about 2.5%#itaspdiseinsscentahes asidlivenlsated St anipeasiame inorganic
composition, wherein ethanol is present at between about 2.5% and

about 10% of the tot&f'Yditine of the liposome composition. 20 85. A

method for prg@ucin% ahstable I'Qgﬁome com(position for, di

iverin - .
. Irmacéu acceptable organic acid l p Ehl , and
pharlnaceutlc agentl,)t e metho ycom rsing tﬁe Ste[l)Ssé1 O%) IF%BVIlanagmme an

a suitable aqueous mgdinamy (b) Pravicing @:shitable.ghespholipid; (Qmprising  a
providing at least one pharmaceutical agent being capable of being at

least partially 25 enghpstiadedkinihechpesrmesnrndieing selected from:

57 LLOYEE) U ISE (i) a lipophilic amine and a pharmaceutically

acceptable acihevehe tbin divith avfne epitacatyeadcdytabote @it iscsklpetedt in the
from an organic or inorganic acid, and (ii) a pharmaceutically acceptable
organic acid ssgpsitigpojshilehatihéicapld of Sistibpestya priapasdicaukicigiy than or
acceptable acid comprising a pharmaceutically acceptable organic acid;

wherein the qtRIARPSIRE BiRhnTac B niebily aodepemie odhy pragaseyically active

the composition is such that the p1-1 of the liposome composition is less
than or ipophilic amine;

(d) combining the aqueous medium, phospholipid and pharmaceutical agent to form
the liposome composition; and

(e optionally autoclaving said composition, wherein the liposome particles of the
liposome composition have a mass median diameter (d(0.5)) of less than about 10

microns.

86. A method for producing a stable liposome composition for delivering a pharmaceutical
agent, the method comprising the steps of :
(a) providing a suitable aqueous medium;
(b) providing a suitable phospholipid;
(©) providing at least one pharmaceutical agent being capable of being at least partially
encapsulated in the liposomes, and being selected from:
() a lipophilic amine and a pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic

acid, and
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approximately equal to the pK" of the amino group of the pharmaceutically
active 10 lipophilic amine; (d) combining the aqueous medium,

phospholipid and pharmaceutical agent to form the liposome composition;

and (e) optionally autoclaving said composition, wherein the liposoméOYD WISE
particles of the liposome composition have a mass median diameter

(d(0.5)) of less than about 10 15 microns. 86. A method for producing a

stable liposoniz)compekiiiancéaticdiivecsigblpbannasceidtichbfag@npitiie amine, and
method comprising the steps of : (a) providing a suitable aqueous

medium; 20 (b) providiigalsuitablehpiespiisiytid; @rcprobidinged leaemnprising  a
one pharmaceutical agent being capable of being at least partially

encapsulated in the IPgé‘éﬁ??Fé‘é‘F%l}YoaB@mﬁb?e‘Pé%ﬁ’é‘& #8kn: (i) a lipophilic

amine and a pharmaceutically acceptable acid, wherein the . .
pharmaceutic&i frﬁglc %petaﬁeénétgid) iﬁéeelgc%re%aﬁ%lrtﬁcegr& oarcgcg tl%‘:glgr ?ﬁlcc)lr ANIC. tin the
25 acid, and 8, {13 RARIIACE RGN 3P IPAR S UIANC ARKLSANL Aess than or

lipophilic amine, and optionally a pharmaceutically acceptable aci

comprising a W%%W%Mt@@@ﬁ@@ﬁ&@%@g@@%oﬂﬂ@'iﬁi@rrm@eutically active
qguantity of the pharmaceutically acceptable acid present in the 5

composition igipighilthahthe pH of the liposome composition is less than

or approximately equal to the pK, of the amino group of the
pharmadguticatiybiingethkpapétilic meding; pHpsadoliridingdtbleanepsenigal agent to form
medium, phospholipid and pharmaceutical agent to form the liposome
composition; dkliPospE)essiBRElyMdsclaving said composition, wherein

the liposome compositions are hygicallg and ch micallx sltable and -
sterile f@? at | e‘&%{“’&ﬁ%%ﬂ‘éeﬁ%g;%t acom osition, wherein the liposome compositions are
physically and chemically stable and sterile for at least about one year at a

temperature above the freezing point of the liposome compositions.

87. A method for producing a stable liposome composition for delivering a pharmaceutical
agent, the method comprising the steps of :
(a) providing a suitable aqueous medium;
(b) providing a suitable phospholipid;
(© providing at least one pharmaceutical agent being capable of being at least partially
encapsulated in the liposomes, and being selected from:

) a lipophilic amine and a pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic
acid, and

(i) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and
optionally a pharmaceutically acceptable acid comprising a

pharmaceutically acceptable organic acid;
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temperature above the freezing point of the liposome compositions. 87. A
method for producing a stable liposome composition for delivering a
pharmaceutical 15 agent, the method comprising the steps of : (a)

providing a suitable aqueous medium; (b) providing a suitable LLOYD wise
phospholipid; (c) providing at least one pharmaceutical agent being ”
capable of being at least partially encapsulated in the liposomes, and

being selectedvironin 2 (Quardipp piilibeaphmmaactiaaph savvaeduticaily present in the
acceptable acid, wherein the pharmaceutically acceptable acid is

selected from @MeRgEAiciDribridhibeadit ohile (iiyaqmariaresifinly less than or
acceptable organic acid salt of a lipophilic amine, and optionally a

pharmaceuticARY SUEHRAISR ARIRBRA 5G5S B H A0 Rbreglgreutically active

acceptable Or%ani’y;iﬁgia%@ LIMIT" wherein the quantity of the

pharmaceuticaﬁgpaccepta e acid present in the composition is such that

the pH gf the liBpBame FRMARSIANLHIGSHIBIRAHBRREPHIALLERAVRIR to form
the pKa of the amino group of the pharmaceutlcaIR/ active lipophilic

amine; 5 (d) canbpaidgiremsisapusamedium, phospholipid and

pharmaceutical agent to form the liposome composition; and (e)

optionalty autegidwinidy saicctompesitiamptidee)whieeilipbphfliplbitimnine comprises a
comprises a lipophilic amine that has a log P value of greater than about

1.0 at physioldgiciiit-rmag Bat hasmsmhbeafoe grendeienibpaabrib el oBurategical pH.
composition for delivering a pharmaceutical agent, the method

comprising the steps of : (a) providing a suitable aqueous medium; (b)

N T GY R S—
agent, the method comprising the steps of :
(a) providing a suitable aqueous medium;
)] providing a suitable phospholipid;
(c) providing at least one pharmaceutical agent being capable of being at least partially
encapsulated in the liposomes, and being selected from:

() a lipophilic amine and a pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic
acid, and

(ii) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and
optionally a pharmaceutically acceptable acid comprising a
pharmaceutically acceptable organic acid;

wherein the quantity of the pharmaceutically acceptable acid present in the

composition is such that the pH of the liposome composition is less than or

approximately equal to the pK, of the amino group of the pharmaceutically active

lipophilic amine;
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15 encapsulated in the liposomes, and being selected from: (i) a lipophilic

amine and a pharmaceutically acceptable acid, wherein the

pharmaceutically acceptable acid is selected from an organic or inorganic

acid, and (ii) a pharmaceutically acceptable organic acid salt of a lipophitioyise
amine, and 20 optionally a pharmaceutically acceptable acid comprising a
pharmaceutically acceptable organic acid; wherein the quantity of the
pharmddeuticatinzEicteptabieuaid pedsentpimshiec lgodrpdsitiamiz suichl tgatt to form
the pH of the liposome composition is less than or approximately equal to

the pKa of theél&riRsogiotRieptHionafmaceutically active 25 lipophilic

amine; 60 i .OYW) WISIE (d).combjning the aqueous medium, .
phospHSlipid 33605?1&%‘58%%?8&5& PRRBYFATA: (HBSFHBLOMETCE SodhtRholipids
and (e) optional oglavi id compaosition, wherein the amount of
phospholipidSI%E!)})r/eef%)s%%]'fﬁl)s{g‘ua{g(’%u%?i}.ﬁ| rnWI% olrnrﬁlgrcé)tlnnp ﬂ%éa% (():%'mposition. 5 89.

The method according to any one of claims 84-88, wherein the liposome
composition is autoclaved, and wherein the composition is a sterile
gompodgitiomeBdd b mathehacens dingaitasy g8 evbéelaims 184s88e composition is
wherein the pH of the liposome 10 composition is about equal to the pKa

of the awtindegrdy apdofvblessiipbp bdlicpastiioe sarsttalbaumb@d6onf the lipophilic
amine is protonated in the composition. 91. The method according to any

one of claims 84-89, wherein the pH of the liposome composition is less

than the pK, of the amino group of the lipophilic amine, and a mg)igr 15

B8rtion Breuesa Ry insiie IpASHRAEATR HetBompasiiohe ¢3! shihe liposome

method accor.%in tg any one of.clajms 84-89, wherein P{a 0 sition
s . 61 DA 8 REQUN 5 s e, el B G AT B sbou

of the lWJﬁ? '8!* itﬁealrfBHE)%ilic amine is protonated in the composition.

91. The method according to any one of claims 84-89, wherein the pH of the liposome
composition is less than the pK, of the amino group of the lipophilic amine, and a major

portion of the lipophilic amine is protonated in the composition.

92, The method according to any one of claims 84-89, wherein the composition has a pH of

about 1 to about 2 pH units below the pK, of the amino group of the lipophilic amine.

93, The method according to any one of claims 84-89, wherein the pH of the liposome

composition is between about 4 and the pK, of the amino group of the lipophilic amine.

94, The method according to any one of claims 84-89, wherein the composition has a pH of

between about 4 and about 8.
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20 93. The method according to any one of claims 84-89, wherein the pH

of the liposome composition is between about 4 and the pK, of the amino

group of the lipophilic amine. 94. The method according to any one of

claims 84-89, wherein the composition has a pH of between about 4 HAgd WISE
about 8. 25 61 L10YD"WISE 95. The method according to any one of

claims 84-89, wherein the composition has a pH of between about 4 to

about 7IR6nFnel methdid glecording 66 dsiynoRe &5, clhiirtsn8he 3Ompdiaiiras a pH of
the composition has a pH of 5 between about 4.5 and about 6.5. 97. The
methodetcerdirnytd wraponé.of claims 84-89, wherein the composition

has a pH of between about 5 and about 6. 10 98. The method according

to any one of claims 84-89, wherein at least one of cholesterol and
%tbhanolrs fur rovi ed and step gd? cor r%e tpe ste of combini

1 ME
€ aqueous e %Cr%rb ospa%l?f)lﬁj% o armaceutlcarglaetn R qusapH of

least opg.Rishplssterol and gikanol to form the liposome compositions.

15 99. The method according to any one of claims 85-89, wherein ethanol

is present at between about 2.5% and about 10%. 100, The method

according to any one of claims 84-89, wherein the phospholipid has a net
feutraltkangtat alsoutiphysinjogical§ pHinRB13D, Whed¢hethodaseondingss a pH of
to any one of claims 84-89, wherein the phospholipid comprises
phospHagtisdehbiné andabaé. method according to any one of claims

84-89, wherein the aqueous medium is water. 2562 1, 1. CIA)

98. The method according to any one of claims 84-89, wherein at least one of cholesterol and
ethanol is further provided, and step (d) comprises the step of combining the aqueous
medium, phospholipids, pharmaceutical agent, and the at least one of cholesterol and

ethanol to form the liposome compositions.

99, The method according to any one of claims 85-89, wherein ethanol is present at between

about 2.5% and about 10%.

100,  The method according to any one of claims 84-89, wherein the phospholipid has a net

neutral charge at about physiological pH.

101.  The method according to any one of claims 84-89, wherein the phospholipid comprises

phosphatidylcholine.

102.  The method according to any one of claims 84-89, wherein the aqueous medium is water.
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103. The method according to any one of claims 84-89, wherein the
pharmaceutical agent is also free in the aqueous medium. 5 104. The

method according to any one of claims 84-89, wherein the percent of
liposome encapsulated pharmaceutical agent comprises about 50% to

about 90% of the total amount of pharmaceutical agent present in thev[; wise
liposome composition. 105. The method according to any one of claims

84-89, wherein the percent of liposome 10 encapsulated pharmaceutical

agent comprises about 60% to about 80% of the total amount of
pRarmatetietiod gessr irede aryrenhef kipdse ReSConipositiba pidGaddugeal agent is also
method according to any one of claims 84-89, wherein the percent of
liposomEedh &Ryt fhaceutical agent comprises about 50% to

about 75% of the total amount 15 of pharmaceutical agent present in the
liposome composition. 107. The method according to any one of claims

816489' \M;ke Eﬁéﬁ]%eaw%ﬂcg%@ "é“%acu}é %QCSB@P |§4-§5i§?/§|2%%ptl?e(iz}ercento(%f liposome

comprises an organic acid. 20 108. The method accdording to any one

claims 8433 mbe phin s PRAINRREHIGHLE SALSR IR0 26t 9D SIBPHEE otal amount

comprises an inorganic acid. 109. The method of any one of claims 84

and 86&9hwrhareiridthiedipo pesseatparbclgsahibeofiposasae composition

have a mass median diameter (d(0.5)) of less than about 10 microns. 25

63 1 i..i..1y"! ', 110. The method according to claim 85 or 109, wherein

the liposome particles of the liposome composition have a mass median
dixmetdh et BPitrsedingan apoaes Hhiekoms. 3-B91 whersipmpercent of liposome

accordig}% to Clais?]]B 10, WhereiQ the liposomes have a mass median

diamet P70 B55 BPILRACHILR LRSI S P52 bPHES R EABROALR G Heh i ¢dotal amount
laim 1 herein the li . h . dian di t d(0.5
claim o%ghxyrgsgs‘ggc?g%@ggg%% PGB Nedag dameter (d(0.5))

of less than about method gg%oraing to any one of
claims 84, 85, 87-89, wherein the liposome

106. The method according to any one of claims 84-89, wherein the percent of liposome
encapsulated pharmaceutical agent comprises about 50% to about 75% of the total amount

of pharmaceutical agent present in the liposome composition.

107.  The method according to any one of claims 84-89, wherein the pharmaceutically acceptable

acid of step c(i) comprises an organic acid.

108.  The method according to any one of claims 84-89, wherein the pharmaceutically acceptable

acid of step c(i) comprises an inorganic acid.

109.  The method of any one of claims 84 and 86-89, wherein the liposome particles of the

liposome composition have a mass median diameter (d(0.5)) of less than about 10 microns.
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compositions are physically and chemically stable and sterile for at least
about one year at a temperature above the freezing point of the liposome
compositions. 15 114. The method according to any one of claims 84-89,
wherein the liposome compositions are physically and chemically stable
and sterile for at least 18 months at a temperature above the free%i!r}g/p WisE
point of the liposome compositions. 115. The method according to any =~ "'~
one of claims 84-89, wherein the liposome compositions are 20 physically

and chemically stable and sterile for at least 24 months at a temperature

abdve thee mebomgsestinede HmpsBssie colsps i igosane payygss of the liposome
\*fl~'1116. The method according to any one of claims 84-86 and 88-89,

whereif HBRHEPHITE AR “beégﬁ’bﬂ‘ﬁé‘?‘ﬁrlfﬂ@pﬂﬁii%fé%ﬁH@Tﬁ&?ﬁa@“&“i@&ﬁv
value greater than about 1.0 at physiological pH.5 117. The method

according to any one of claims 84-89, wherein the | ipophilie amine has a

Ipg P valug,ahbeiuesn Ao v ANe abouliz At RRYSIAIQAical PRadiBedlfi iameter
method according to any one of claims 84-89, wherein the ratio of
pharmaegusigalagenfaria phesgholipid is about between 1100 and 1:10

mol/mol. 10 119. The method according to any one of claims 84-87 and

89, wherein the amount of phospholipids present is about 1.5mM or more

in the composition. 120. The method according to claim 89, wherein the
pé&fcentlBpasgud atrsvidstedrudaimthe  Mhepasbealipesmpduition fkass median diameter
substantially stable over a period of at least 20 months. 121. The method
accordﬁ?&otg))c?éiﬁf%t@?'%mé%%%céoéémpositions are substantially

chemically stable over a period of at least 20 months. 20 122. The

method according to claim 89, wherein the amount of phospholipid does

@%.de(}fﬁé‘%ﬁetﬁb@ LQCSRRH@%" WI&Q{%{S %Mdﬁj%‘sbiéﬂ@(%ﬂé&{éiﬁﬁﬁéﬂnposome
10% (weight/weight) over a period of at least 20 months. 65’1 Lc? (1)

ty'l,?i compositions are physically and chemically stable and sterile for at least about one year at a

temperature above the freezing point of the liposome compositions.

114.  The method according to any one of claims 84-89, wherein the liposome compositions are
physically and chemically stable and sterile for at least 18 months at a temperature above the

freezing point of the liposome compositions.
115.  The method according to any one of claims 84-89, wherein the liposome compositions are

physically and chemically stable and sterile for at least 24 months at a temperature above the

freezing point of the liposome compositions.
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123. The method according to claim 89, wherein the amount of

phospholipid does not decrease due to chemical hydrolysis or oxidation by

more than about 5% (weight/weight) over a period of at least 20 months.

5 124. The method according to claim 89, wherein the lipophilic aminéYD WISE
does not chemically degrade by more than about 5% (weight/weight) over

a period of at least 20 months. 125. The method according to claim 89,

WHereif thenlifhop hiliordimirie alyesawitcthmonii¢t AharddGrdtiembyranotie thaphilic amine
about 2% (weight/weight) over a period of at least 20 months. 10 126. A

sterile &AERsE518 ! ihaRBmpdiaon ae Lo isianpard oftdigisghysiological
42-46, exhibiting one or more of the following characteristics over a

period 8f'at least one year upon autoclaving and storage at a temperature
above the freezing point of the composition: (i) a change in percent
encapsulation of no more than about 5%; 15 (ii) a change in phospholipid
qencentiatiarfne mens: thanakeut 40%s QX«M?\L@QE@B}@I%M@ dRine has a log P
concentration of lipophilic amine due to chemical hydrolysis and/or

oxidaticaled spenesen than@hodt HYadsyavgighilddicaplack of formation of

visible aggregates; 20 (v) a change in the mass median diameter of no

more than about 10% as determined optically. 66 LLCY'L1 WISE 127. A

stable liposome composition of any one of claims 1-3, when prepared by

the metHisansthedipeondings te et eat gaims 438, stherrindhrraia pfelioaeisal agent
composition of any one of claims 1-3, when prepared by the 5 method of

claim 88 PPOFP RIS AR EXT Fokn 95 &RbH CbmeMiRhg a liposomal
composition according to any one of claims 1 through 83. 10 130. A

device for containing a stable liposome composition as claimed in any one

Qﬁ§.|aimé-'1§ethod according to any one of claims 84-87 and 89, wherein the amount of

phospholipids present is about 1.5mM or more in the composition.

120.  The method according to claim 89, wherein the percent encapsulation of drug in the

liposome composition is substantially stable over a period of at least 20 months.

121.  The method according to claim 89, wherein the compositions are substantially chemically

stable over a period of at least 20 months.
122.  The method according to claim 89, wherein the amount of phospholipid does not decrease

due to chemical hydrolysis or oxidation by more than about 10% (weight/weight) over a

period of at least 20 months.
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and being droplets for inhalation of the composition by a patient. 131. A kit

for delivery of a pharmaceutical agent to a patient, the kit comprising

instructions for use, a device containing a stable liposome composition as
claimed in any one of claims 1-3 15 and being capable of generating LLOYD wisE
aerosol droplets of the composition for inhalation by a patient. 132. A

method of increasing the stability of liposome compositions, said method
dé@mprisihgroiatiodienserdin2o ¢aimividirgia teitaenaqtgteusholigdiuioes () decrease
providing a suitable phospholipid; (c) providing at least one

pharma@&fﬁdé‘le Ppdiplystap AT aiop ding el st gharially (weight/weight) over a
encapsulated n the li 8som s, and being selected from: 67 LLOYD WISE

(i) a lipSSHAES ?ﬁiﬁ%‘q’ta%]d“}f t(;:]?;\‘rmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic

acid, and (ii) a pharmaceutically acceptable organic acid salt of a lipophilic
gayne, @%jm%t_ﬁ’tm'QE@lllMiﬁg%%mﬁC@ftWﬁéhéiﬁ(fﬁgﬁmﬁiﬁUgﬁnﬁ% %Béq;not chemically
wherein quantity of the pharmaceutically acceptable acid present in the
composi¢igadishsustretinah Hpeup ko {WoRNIBRSONE CERPESHINT i$ 18S82thABNths.

or approximately equal to the pica of the amino group of the

pharmaceutically active lipophilic amine; (d) combining the aqueous

medium, phospholipid and pharmaceutical agent to form 10 the liposome
éa%poﬁh%ﬁ}%ﬁﬂﬂ‘ @srerdive vy Ifssdmibedingrbéidomitecdesditionehemically
effective to sterilize said compositions, thereby affording compositions

with incfEESPLRBTREPHRRRAI 18 (RS AR b P YREAGSH SO iblsastRst onths.
autoclaving. 15 133. The method according to claim 132, wherein the step

of autoclaving is carried out at a temperature of about 121 C for a

PRIMURN R AR S BIE PSR AROINRI M RPIS 61e of claims 42-46, exhibiting

one or more of the following characteristics over a period of at least one year upon

autoclaving and storage at a temperature above the freezing point of the composition:

(i) a change in percent encapsulation of no more than about 5%;
(i) a change in phospholipid concentration of no more than about 10% by
weight;

(iii) a change in concentration of lipophilic amine due to chemical hydrolysis
and/or oxidation of no more than about 5% by weight;

(iv) a lack of formation of visible aggregates;

\2; a change in the mass median diameter of no more than about 10% as

determined optically.
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134. The method of claim 133, wherein the inert atmosphere during
autoclaving comprises argon or nitrogen. 68

127.
128.

5
129.
10 130.
131,

15
132.

20

LLOYD WisE

A stable liposome composition of any one of claims 1-3, when prepared by the method of

any one of claims 84-88,

A sterile and stable liposome composition of any one of claims 1-3, when prepared by the

method of claim 89.

A pharmaceutical composition comprising a liposomal composition according to any one of

claims 1 through 83.

A device for containing a stable liposome composition as claimed in any one of claims 1-3

and being droplets for inhalation of the composition by a patient.

A kit for delivery of a pharmaceutical agent to a patient, the kit comprising instructions for
use, a device containing a stable liposome composition as claimed in any one of claims 1-3
and being capable of generating aerosol droplets of the composition for inhalation by a

patient,

A method of increasing the stability of liposome compositions, said method comprising the
steps of:

(a) providing a suitable aqueous medium;

) providing a suitable phospholipid,

© providing at least one pharmaceutical agent being capable of being at least partially

encapsulated in the liposomes, and being selected from:
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134,

LLOYD WISE

(i) a lipophilic amine and a pharmaceutically acceptable acid, wherein the
pharmaceutically acceptable acid is selected from an organic or inorganic
acid, and

(ii) a pharmaceutically acceptable organic acid salt of a lipophilic amine, and
optionally a pharmaceutically acceptable organic acid;

wherein quantity of the pharmaceutically acceptable acid present in the composition is such

that the pH of the liposome composition is less than or approximately equal to the pK, of the

amino group of the pharmaceutically active lipophilic amine;

(d) combining the aqueous medium, phospholipid and pharmaceutical agent to form
the liposome composition; and

(e) autoclaving said liposome composition at conditions effective to sterilize said
compositions, thereby affording compositions with increased stability relative to the

stability of the composition prior to autoclaving.

The method according to claim 132, wherein the step of autoclaving is carried out at a

temperature of about 121°C for aminimum of about 15 minutes under an inert atmosphere.

The method of claim 133, wherein the inert atmosphere during autoclaving comprises argon

or nitrogen,
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