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Sust ai ned Rel ease of Antiinfectives Rel ated
Applications This application is a

woantzionabi on-i n-part of United States Patent PCT/US2006/027859
Application Serial No. 11/023,971, filed Decenber 28,
2004, _which is a continuation-in-part of United States
Pat ent Application Serial No. 10/696,389, filed
Cct ober 29, 2003%ustrirdd Redewse ofdnbinfdctivest U. S.
Provisional Patent Application Serial No, 60/421,923,
filed Cctober 29, 2002. Introduction Certain sustained
rel ease technol ogy suitable for adm nistration by

i nhal ati on enploys lip |d conpl exes to
provide pr ol onged thera F?épggf of dr ug |n the

d em. ca , susta r.el
o RGBSR iR C{Im@g%?ﬁ% et @bpligagion Seral
NSI 1 P23 7 JifBRASEembBE2H B8 E N hik D i’s‘-’d@dlﬁﬁuﬁﬁﬁﬂﬁlp%ﬁ%f . 1¥ted States
osonal antllnfectlve and nmet hods for treatnment

Pﬁen%mdwythnhw@d Non50/686,389, filgsbQeioher 29 2003 Mdummma?ﬁem benefit
] f;o S
tagr IPHHPCE:VS%{JI#ELX gf"te@;s S oﬁsﬁﬁ%ﬂ}agpe ugﬁﬂgp 93%%&% hnég F]i %9 2802

"Since the incidence of n Xicity and ototoxicity
is related to the concent ?P{;?‘?ﬁfﬁ”ﬁ whi ch Ian .
' | v.cosi de fe ) itical to reduce
Che hliE Sresieel BReR et lnsiete fye diTﬂlllﬁ‘é%t}%lrhySmmlwpn
erplO@s liFskohRE ﬁﬁd fl}biﬁ‘é%fn%[bx'és = IﬂS@id@g]];d" e ééiigﬁc et of drug in

produce vestibular or auditory dysfunction
thﬁ Syt Bdoyptemioplly by andhived rebfasaanphihe ebilitystoi tajgai amismhsnce the

ulgaké rHE 3:{16 Qiﬂats of &ge{s%l enérg%erﬁl %&Cg‘[ﬂo&%@rﬂﬁgﬁg% FlBosomal

pres

arrtﬂﬁiﬁﬂclivw fnsd mﬁthbﬁs(fo@ treytnicRtIST RAllmEWArD GnfBEIINE st 3PS sdrARr Lipid-
Stl c. fibrosis (CF) patients have thick nucous

C%ﬁ*ﬁ?’éﬁd% ifefiivéecretions in the Iungs, frequent
consequential infections, and bIOfI|nB resultlng from
bact AB reported invpedinanynd GilmpmieThe : ol Bre Alespeutics

SRR L e S DAt AR5 B o e

cdroestentioars ivdich, an&ﬁdn@l@d’bsﬁﬂda@@iﬁnﬁl@t@y Geld cABed] A@rddube the
anDunt of frequency), thereb redu0|ng the drug |oad
tenang %dlaeSP drigsiim P@tétnz widh gaprared renal funelion) Sineg

arRin E@%s@dég chH bARHcOVestiBlat &Vﬁlﬁitb%}@fu%}fﬂl&leﬁqd%ephrotoxicity

regardless of a patient's impairments, it is important generally to reduce maintenance

3

dosages. The present invention provides dramatic reductions in toxicity thus allowing

higher doses than usual.

Cystic fibrosis (CF) patients have thick mucous and/or sputum secretions in the
lungs, frequent consequential infections, and biofilms resulting from bacterial
colonizations. All these fluids and materials create barriers to effectively targeting
infections with antiinfectives. The present invention overcomes these barriers, and even
allows reduced dosing (in amount or frequency), thereby reducing the drug load on patients.
For lung infections generally, the dosing schedule provided by the invention provides a

means of reducing drug load.
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means of reducing drug |oad. For a |iposomal drag

delivery system it is often desirable to | ower the
woizpi7ddtamedrag (L/ D) ratio as nuch as possi bl ePCO/US2006/027859

mnimze the lipid load to avoid saturation effects in

t he hody,. For ng delivery by inhalati.on, this b

par ¢ O g} 8 gERert B e ie i Becille thdeFmgRy e co-dng
(1/Dip e8RS Ehts thoBib 10 &€ Brikn@R tAE BEidt1BMBtol dvBid dafi@atidde ffects in the
adm ni stration and thus effectiveness of the drag

beshyo dige fungadaliyamrbyLinimlation, iswsay Be antiowarty tise decayse for bhronic use,

I ' . t.hreshol.d.i.s .

G IR0 (I SRS ERE BRSNS fhinrBlima s
eﬂﬁ?ﬂti&bﬂéﬁss bt th@slm@g@'o&ums IAalﬁWbﬁUD’ ratioefoudd al@c}i}il &or€ diuigb 88 given

0 st, size (<1 that entrap antiinfectives at a
b?fP’i?;‘{g? g?ﬁlﬁlg/?kéré{l‘?e\ﬁbr%lémm?tati o of typically about 4

:1 to about 0.5:1 have been created. The captured

vol umes of |i posomes h&wesmgeel eatimed, and from

t hese nunbers one is able to cal cul ate what the

t heoVét infwionanethagmdisalossh bereih, biposomes sebsimttiallpfiee bf smwonic lipids

ehaved_as .an {deal solute.(i.. e. oe at .interac .
oRRER HeP e i P sl ety St e Bi Lo G B Phgatio of
typlcahly wedie 1) 1. toFabe i 0. 5il hatOPFRArCk&Rt. FH JapRidIfoliHERE IHosomes
that are 3-5X hi t han expected are observed,

her
havis eemmeagiredh and gogp@@semmnmtsan@é@ plda ta epledate mhphide theoretical

. . . r - .
ol LRI S SOISh SRy YORRE STHLARDERL Mgt e
witb lthet lipmisoing nwdmilbflmdlhe ehﬁfr@@?&dmiﬁy atdﬁxrgrwidomtaf)n $ré@n this ;:omparison,
oncentration_ of antidl ctive, the concentration o
CTRPCHE R FR Pher dex H’@ﬁlﬁi B BResicd Rt RsenEd dppigringthat 2
speBRBInG@AGRALE 8EduBtnAdal MobR %r&@ér%%gé’t%%ﬁﬁomeﬁb Gnd lower

internal antiinfective concentration ated to
thae expecteddipid/astinfecdve tatiggh éFhe sohitivarit whidhghplipssentes form contains

Lnvention features.a lLiposonal .anitiinfective. .
« R s B R e BORR e APy i Hiposomes
shaald hedbeat the Samwbeichtfatidnes it teGof®ibAL FRteO&:, the internal
substantially free of anionic |ipids, and wherein the

anjinfgetivercopp@itigtion isfalpulateddnbreiahieasttaboet 36higherut 4: 1 to
about 1:1. In certain enbodinents, the weight ratio of
| i pi ki nagt, thetriresehioyentionifeaterigs alipesomal enigirdective farmgation

-1 out, 1:1.. l.n..anqat.her. odi.nent . .t he

cop By R Rl R b PR R R et
substaidlBi fixge @frandonid lipiflg ahd vwaemhemheweidh eatld ¢filihid & antiinfective is
antiinfective ratio is about 1:1 or |ess, about 0.75:1
ahgut 4:d 49 ,aleH:c Lak ol cerfaily -embgdinpeutss the weight ratio of lipid to antiinfective is

about 3:1 to about 1:1, 2:1 to about 1:1, or about 1:1.
In another embodiment, the present invention relates to a lipid formulation
comprising an antiinfective wherein the lipid to antiinfective ratio is about 1:1 or less, about

0.75:1 or less, or about 0.5:1 or less.

In certain embodiments, the lipid antiinfective formulation comprises a liposome
having a mean diameter of about 0.2 pm to about 1.0 pm. In certain other embodiments,
the mean diameter is about 0.2 pum to about 0.5 um. In certain other embodiments, the

mean diameter is about 0.2 um to about 0.3 um.
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In certain enbodi nents, the lipid antiinfective
formul ati on conprises a |iposone having a nean

wdaizermaiexo of about 0.2 mmto about 1.0 nm [|n EETER006/027859
ot her enbodi nents, the nean di aneter is about 0.2 mm

o 0 4t S ORimlsiF SRR ey PG iRR v commonty known
i thietagti Mn eertdd emBBédimehiaetha Bhtiih b BES ¢aneh CaAMnBiSo Q?&’omde including,
ant| i nfective commonly known in the art. In cer

bR Signited ke sumikaran, dplrpmyeiacer geatagreinper apharmaceutically acceptable
Samlﬁgf%gkyco& de including, but not limted to,

acl n tobrany0|n or gentamcin, or a
thereof.. In certa

h ||y _acce ble.sa
P ool e EfbodimBRS 188 AR £3 et St bl TR ofn certain
einbpdithentsnthe ¢ipiEdoRmaIiHEA iR T anfod® i, dinfRft M| Adr @Rbodiments,
is free of anionic lipids, hi certain other

therlipidisrrerhospholipid, inoyidi ng Butaophpiph), ﬁmhdSplnamLYlwholmge such as
d%!al ﬁfk&ﬁglio%/;?ﬂahlﬁgl #}h%%lngof&gﬁegpﬁhbs%}'l tlc?yITo 1ohne 3t ﬁue 11p1d canbe a

ne-or

stdrouxﬂ awhlap h.mpdsiamcumingg bod ion&iited td, RRolestpioll ¥ake B ddan be a
r0|d uch_as a sterol, |nclud|ng, but not limted
CWB ‘§9F8$ol or the lipid can be a conbination
thereof. In part the present invention features a
met hWPa herrspient imyentinn featprey aaithedwiquepariag the lipid antiinfective

er&hmﬁbﬁ‘hbé%ﬂb?% Jde%%ﬂlgﬂ?ﬁ? ?niﬁgg? G ﬁé(\{k%r 5 o#i%('gfﬂogxc solution or

aqueous or O|IC i on
lmmtma afflecantiefeoti iehvich & ll@d@bl@ﬂl@biﬁlﬁtl(ﬁﬁﬂihix@ﬁe @f a tﬂﬁptetﬂh&e below
re be|OMI£ e phase transition of

tf bl GRETHR of HEIoH ARG ° LU BBHGAPOBFE R URdet el ipid, wherein
infisphglis ABRSHEIMboYE UR d&grain%m'aﬁnéﬂ @%i‘QQ 1 15 dn&Ritain

enbodi nents, the al cohol is ethanol certain

embog) d@ﬁﬁﬁlsemﬂdaﬁn&ﬁg‘ Gcﬁé]&gﬁgﬁtpa?l(gﬂ of Méq (SJ #B&gh& %ﬁ,{f%h or mixture is

solution or mxture i s about
abp@f i@tonab@nbﬁlimgéan In Cdralmﬂnb:cEiWBm Ithél c@fcehﬂﬂzﬁlon of the antiinfective

ueous or al. c hoI c solution m xture
o B ol TG Bl b0y 4 tochbe 19 Ireqsriain
erth BRI @OIS &hé E@iceRatth Jfitee MeMhl Bidl |ald%hgl' HERY: /mlxture is élbout 10
solution or mxture is about 10 to about 30 ngy

torhevichegimly. and the encetistianof hefastinfsctvaqgenus omdcohohc solution
i S about O to af‘?
oA P01 80,10 MO Bob 3B o2 8o 3Ry e
a}@p@:ﬂe&e ihat eornch@tations apRtvant draiiserRy bé dbinfedUepGINMSS the lipid
opt.m ze eE gdlng on the |ipid and/or
ané‘Zq H\“g]"(,cfw@gwo X8l ved. hi certain enbodi ments, the
present invention relates to the af or enent i oned l'ipid

In certain embodiments, the present invention relates to the aforementioned lipid
formulation, wherein the antiinfective is selected from the following: an aminoglycoside, a
tetracycline, a sulfonamide, p-aminobenzoic acid, a diaminopyrimidine, a quinolone, a B-
lactam, a B-lactam and a (3-lactamase inhibitor, chloraphenicol, a macrolide, linomycin,
clindamycin, spectinomycin, polymyxin B, colistin, vancomycin, bacitracin, isoniazid,
rifampin, ethambutol, ethionamide, aminosalicylic acid, cycloserine, capreomycin, a
sulfone, clofazimine, thalidomide, a polyene antifungal, flucytosine, imidazole, triazole,
griseofulvin, terconazole, butoconazole ciclopirax, ciclopirox olamine, haloprogin,

tolnaftate, naftifine, terbinafine, or combination thereof. In certain embodiments, the
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formul ati on, wherein the antiinfective is selected
fromthe follow ng: an am nogl ycosi de, a tetracycline,

wa 8ufofiaam de, | p- am nobenzoic acid, a PCT/US2006/027859
di am nopyri m di ne, a quinolone, a b- lactam a

pg'selﬁ%\?ei'ﬂ'glggelﬁa%é) S gﬁ@ni%tl:gggm@fi%ﬂ %l % E}i?;g}l e antunfectlve
1g0aml iy glycddideC Gh i Iaﬁﬂtllibr eMDOEDBAE, | tHe alhﬁﬁﬂeéth%q's Bn aminoglycoside
|son|32|d rifanpin, ethanbutol, ethionam de,

selpgtehaamthy Ifql’@Wé%g cRmikpeinoesataniein, erigbratyypin. dn afurther

d
Clzlﬁi)ii %ﬁé at1 & %&ﬁ\%gaf %léln@}slh %ﬁ%ﬁe@@%ﬁé@é@%ﬁt the antiinfective is
geptamipat. U fayrthtremcdmdamealtethe butiiatotiog Bltebramtiapi r ax,
ci cl opirox ol am ne, hal oprogin, tol naftate, naftifi ne,
ter bi[m@érﬁial erfbodimeitk,tAé beBerdt R/eBbn reldles th@dfBrementioned lipid
enbodj men the resent invention relates to the
formylatioany ‘?fﬁ]@d ¢ [ipid fomgHatiangs pdimosamier ei n t he
antiinfective is an am noglycoside. In a further
errbo@ﬂ oREtRN emb@namts,uthcf praesw mwestuanremwmg @Wﬁow@tmned lipid

embodamektspﬂhe l1pichfoﬁnﬁluf1d51h6cfm1§ﬁ§é@d ls!éﬁﬁ& Id &‘f—‘tam embodlments the lipid
antil nfective is gentamcin. In a further enbodi nent,

maLiRR ComPRESSiaRETPls [ seiaiyebadimentse dhq biid formulation comprises
d n
125%??%@?%@1ﬁggﬂgh&fr§%@ﬁ’%| gf&%ﬂra]lﬁp \}#gc;rdg&x%ﬁ% tﬁe 1Pgl farmulatlon
cqrapningb altdlesterps Ia clelrtqungmbedlnhamts; dretligdidh fc&ﬁﬂ&lﬁlbﬁ&ﬁ risdshe

t. t t to.th f ntioned i d
RSPRGITELS P S eal orrethi St riof SPrgAE AP egapries a
phalpBdIpad b &lstedon Elecfehﬁinrbn%gaﬁﬁérﬁ? M Stipill Sl Ridh comprises DPPC

fornul ati on corrprlses a steroid In certaln
anghAhoiRsioEtlt &n certren prbodimpnisntht ardsent ivemtion sdaestosher ol . |

id formul ati.on
ot IR SR s Ryt oo iR age G
diokoylphosphatiddchoiing GDOPtm dndmhdleitexromul ation conprises
chol esterol. In certain enbodinments, the lipid

f or Nl cafth@rentRaRhdtE %@p@&ﬂﬁ%@ﬁtidﬂ lgla?ég %o theSHrSeRieBtioded
certa| n enbadi nents, the lipid fornmulation conprises a

fopmuleled|whsren diedinid &rawistionjcampeisesd) TP @ aixbeliohestrs] intaheole ratio
ofl dbBlih o Lr1HY gtll 9N gPyRrises DPPC and chol esterol, hi

certain’enbd r'rent’s the present |nvent| on relates to

the lﬂfc% Slﬁ%'}{bo& ené g{eg%l&%tn 1nvént10n reﬁ tct> &% afor@mentloned

f or nil a%tl on conp

fodholation, viteosip H&tli;ﬁ’d/ forholdiiog cofpHses, DIEVE rshet ea?fdedhgiesterol ina

certain enbodl ments, the present invention relates
mt)‘grf%o Doretréfi L9ed-Fdr mul ati on, wherein the |ipid
formul ati on conprises DPPC and chol esterol in a nole
r at i@ certain embodiments, the present invention relates to the aforementioned lipid

formulation, wherein the lipid formulation is a liposome and the antiinfective is amikacin.

In certain embodiments, the present invention relates to the aforementioned lipid
formulation, wherein the lipid formulation is a liposome, the antiinfective is amikacin, and

the lipid formulation comprises a phospholipid and a sterol.
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of about 20:1, 10:1, 5:1, 2:1, or 1:1. hi certain

enbodi nents, the present invention relates to the
waherr@reavi oned fornul ati on, wherein the |ipi dPCT/US2006/027859

formul ati on conpri ses DPPC, DOPC, and cholesterol in a

rml eI&]]r %‘tgt:q g}s oftt g}t%gléwre?eﬂ?\%gWFﬁ“b% rF%t"ﬁtt% ghetago]ieﬂjgnp oned lipid

fo@zﬁ@faﬂﬁﬁ hepeiadhd 111ﬁt1 orbRilohas b ﬁEoso‘Mbeﬂf%' adtildtetive B #hnikacin, and
formulation is a | i posone and e anfiinfective is

thg dpideformulatipn eerpprasen a MBS dindeheholestenel. pr esent

invention relates to the aforenentioned |ipid

f or niul aaothen @mhh@m'nh tltermeslehbimdelﬁimrmllam iaamethed a@f preparing a lipid
fIi one, the anti Fctt ve i s. am kacin, andlpeql} I (ﬁci

o R P £ BT B PRI DEBRISH IS, e ifece seama g solution or
mb&@iireaiyith @EResth BRBA BntiihREH RS DRAIN dr AYRALd, Whefdh He@% o sBeams are

the af orementioned || pid fornulation, wherein the
mixegiiy linor Mueapinombodinents, fesioiresireame enliet # Yréaanedtorpriar to mixing
1n6HH kacin, and the lipid fornulation conprises a DPPC

hd a choI esterol. I n another errbodi ment, t he present

|nv tion. rel.ates t hod aIi id )

¢ or st Pl Ebie s B dRSealin Rl & g RoEmggtioned method,
wher¥intHe Srésld 8RAMIIH salutib® bmSGhie! :!uﬁﬂ'h@ Etré'ﬂni‘éﬂa[neantﬁﬂﬂ:&w% solution

stream of an antiinfective sol uti on or mi xture,

onjRiKiWE arahixet gba tot# dlomsrate of ahpwiedOite ab(Ptﬁ 900 L/t i agrtain
r&l%?ﬁ’rﬂleﬂg nEI’lé s‘uﬁalﬁ?oi“L A"ﬁ%ﬁ%&%ﬁ% orel%n)_%ﬁrgi ?19 Q@?ea%% of anogntl l%fectwe

tomxing In certain ée e presen
soihrtmru’rlrmmtme hetreized ot 4 toral Abwrrelwdiaban€d0 mt/hoal, In certam
a lipid solution or m xture,

eng @%mé»aiﬁ?%%agﬁggﬁmﬂ SPIteR QLmEdITgs arfed at aflew sate oé.aaout 200
to%&ﬁdﬂfO@tmE/rﬁlﬁt A cér{aﬁi"érﬁl%cﬁ‘m&flts 2RO eahPOr 4 1@?%{1?1? Qplauxture is

/mn. In certain enbodi nents, the strea
adﬁ@d atd ﬂﬂwaiate wif bt 800 arddmirh eIns:lertaarwrrm’odamnts the stream of an

ive sol.ution m, Xxt.ur e )
s PR o Bttt oo A ToH Bt o B abore QoG i
Intcb@aigtehtdirgdntd thd PledmSoFlat ahOMfRtivakothlidEor 1HixAHd @hddbd at a flow
a flowrate of about 200 to about 400 nl/mnmi n. hi

rafeet{tahpy J0ekingBn ﬁtcer&aﬁbergqué@ﬁm@fth@stmam of asléwid splgtion pr mixture
is %‘fl&gdueft% ﬂo%v A @Iﬁab@ﬁt ﬁofrl‘lﬂ)%lflgz%n% t t?%%ﬂg&f a§1 Qltlfﬁ'fl JHVQ solut1on or

certaln e nments, the n an AT et
mptiratis alledmat aflwtvunte of abad 380 ndt/man.f | ow rat e of about
400 to about 600 nL/mn. In certain enbodi ments, the

st r elarsetthinambaddirhéni, €ed preensilveitiodeRies o &Ietalf&ein%ntloned method,
added at a flow rate of about 500 nli/m n. certain

whstggdhaismpsratyg of hercombingd sirepmpisebew iﬂ%ﬁ R CPRakR ur e

embodiments, the temperature of the lipid solution or mixture is about 30°C, and the
temperature of the antiinfective solution or mixture is about 30°C. In certain embodiments,
the temperature of the lipid solution or mixture is about 50°C, and the temperature of the

antiinfective solution or mixture is room temperature.

In certain embodiments, the present invention relates to the aforementioned method,
wherein the method of preparing a lipid formulation comprising an antinfective further
comprises the step of diluting the combined streams with water at least about 20 seconds

after mixing.
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is added at a flow rate of about 300 miL/mn, and the
streamof an antiinfective solution or mXxture is

waddedis4oa fl ow rate of about 500 nmL/min. hi eETASR006/027859
enbodi nents, the present invention relates to the

2];2‘:)' 8 “ ch d mﬂl& glﬁ%gmf?&% {HQ@E}?Q% T%f?%Z?% a{fgre?rfen’}loned method,

wﬁéf’@ﬁhdhé%tc&ntrétﬁﬁ dfeaeniad ot e @blutibs ot hidkibreSio bt 30 t@hbout 50
m xture is about 3C0C, and the tenperature of the

mgfnl. Hf esgtainankadimentsthoeonseration of &e@@@mfecgm@@olunpn or mixture
lsggigﬁt%qoggag% %ﬁﬁ, the tenperature of the lipid
SO

ution or re’is about 5Q0C, and the terrperature

of t nLii ctive.,solution or
C erpireat b enodthent Pt iy Rl leido e ibontioned method,
whéreirthé s’tfbafrﬁd)fad Elﬁdtsﬁluhbﬁ oaﬁqgmréemadéa %ﬂa !BI@W}QQ: of about 300
wherei n the met hod preparin l'i pid formul ati on
s fgd the stappna af almrémﬁevtéfefse lﬁé o1 aumyra is@ddadmas adlosprate of
t
ab%fu}:) g(%d fgy’rfsf%é{ﬂég g%[?fugleegf tﬁEE ne%vget%%al 1 g n%u%go 4%@? the
cdnlﬁﬁnem’ sheemt afendiRnéd with mteah’eﬁadi @bdithfeoaﬁwrﬁﬁﬁftéﬂ I?ﬁ:ﬁfg and the
rein.the concentratjon of the antiinfective
C%?IE’E%UBH Osﬁleﬁpﬁemf?félvp solyoner mErtyrs inahaut 48 tp shguhd0 mgnL.
certain enbodi ments, the concentrati on of the

ant | InreEiain;apebodanents, s Ryesent sy eitton relajgs dorthepforementienst method,
p

W?%SIgﬁ{l?%UAutr s%? 'iﬁl upeseaggjgcg&egfsg&rréal olﬁlgﬁ% df rre?%}n Oembodlments the
prefeat Ellvanttdnﬁelﬁters&a theaffor@mleniioretd Sdthudd, orhesin theXipid forinSlation is a

added at a flow rate of about 300 nL/mn, and the
GRASPRS M of an antiinfective solution or mixture is

added at a flom1rate of about 500 mL/mn; 't he

t enpérestginembodiments Siforawat By ertiong clates Ap fiprafggmenigmed method,

wﬁ%&nqgé'%{tﬁﬁfécﬂ 1@@ ct@(ﬁ o théjfoqﬁl)r\%ﬁ% ha\ahib Eogl(?eaﬁttetracychne

out 2 secon er m Xi ng; he conc
a mﬂfohhlmchnp-lanmﬁcéiehzme adid] adie@inopyrinidihel raqquirsol @e0 b B-14€tam, a f-
to about 50 ..I.n certain enbodi nents, the present

1a?tﬁmé\afl|a&1laﬁhﬂrrﬁl§%mmtor,wéﬂ<mhe@weh@uwld@ehmm{ycm clindamyecin,
sp%}ﬁ{ 1rf BS yﬁﬂlxﬂ{ ?0&2188{1 \’Eg&%@h?& Bk ﬁra&%uﬁgﬁl g%lﬁrnfampm

n cer resen
ethzmﬂﬁnd)ll, ethldnainaIee Smirﬂbshlhlgrhafaﬁﬂ edyemselfimvs dapl‘edhh?dn a sulfone,
ereint romulatjion is a |jposane.
Clé@?%ﬁn Eﬂl ﬁtPQ?YePﬁén’fHP%&aérﬂucm@ﬁt lirrgﬁaz,oéq é"t‘@le& 0
gﬁs'%@ﬁlﬁfn‘i’ B AR 860 B&I Do cw‘\ﬁﬁfaﬁ' (Hclbﬁ‘lﬁlof‘a ﬁgﬂob%gm

I's sel ectedfromthefo an a coé
totneftatacnediifime terbinafine, or comblnatlon thereof. In certam embodiments, the

antiinfective is an aminoglycoside. In certain embodiments, the antiinfective is an
aminoglycoside selected from the following: amikacin, gentamicin, or tobramycin. In
certain embodiments, the antiinfective is amikacin. In certain embodiments, the

antiinfective is gentamicin. In certain embodiments, the antiinfective is tobramycin.

«In certain embodiments, the present invention relates to the aforementioned method,
wherein the lipid comprises a phospholipid. In certain embodiments, the lipid comprises a
steroid. In certain embodiments, the lipid comprises a sterol. In certain embodiments, the

lipid comprises DPPC. In certain embodiments, the lipid comprises cholesterol. In certain
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a sul fonam de, j!?-am nobenzoic acid, a

di am nopyri m di ne, a quinolone, a b-lactam a b-
woOaet7aanand a b-| act anase inhi bitor, chlorapheRCtmiS2008/027859

macrol i de, l|inomycin, clindanycin, spectinonycin

R TR I —
lipidi sdaHstCYPPC ang tiiblektdt6l. 0Seri ne, capreonycin, a
sul fone, clofazimne, thalidom de, a polyene

anti fyggatn elﬁﬁd&iﬁﬁﬁl‘i’é'tﬁs?})reiséﬂt A8%81i&h reldiéAH aforemenuoned method,
grl seof ul vin, terconazo but oconazol'e ciclopira

prsitoii fipid fotmmiatien istralimmsemgiand theantimfective is ermrﬂdmﬁl ne,
terbinafine, or conbination thereof. In certain
enbotti metlahsemltddﬁnamtt ithevpresdrt wevehoraue] A8 0 Ak yoasidh€oned method,
L} tr;lsfgrr‘oodlments t he a[mln ctive is an
e Do B R G L B iPoEr 5 th B BTV i giime ed e lipid
c&ﬁ{:‘ﬁ@%%b@sph@ﬁplﬁ%ﬁﬂ%@)é%ln In certain enbodinents, the
infective is am kacin, hi certain enbodi nents, the
ant h{‘éeﬁ%ﬁff éﬁ%ddﬁn&ﬁ@ttﬂé%r%kéht 1ﬂveﬁf‘f§r} ﬁia@esetmedéfg%%e%tloned method,
the antiinfective is t
wbnﬂ@udﬁhnhptdsfpnmhiethm E&dqiosmmv ahé axﬂnnfeelh\&t i® arrﬁkhctrtl énd the lipid

afore d , Wherein the lipid conprises a
CPHTSHR ﬁ)&oaﬂl% gﬁﬁtg ai n enbodi nents, the lipid

conpflses a steroid hj certain enbodi ments, the lipid

conpit SEiainprahodirgents, (the piesenkinyertigiglatesie he 4fn@me|npwd method,

whROR! the ﬁﬁldqgﬁ)ﬁdaﬁ&h ﬁ‘?%r tlﬂil@ t&éﬂ?@lﬁe&%trgm o bf %bé)l{'[ ﬁefj?rl IB?S .

corrprl ses cholestero certal nenbodi nent's

conp | certain ..
ool SS8pRRSRRL L 080 Bl T B oo
whereinghe Hpid fenindaimofrehiﬁs&, h}ildh&) prrigseditveiravest At 0.65atde Sess.

to the aforenenti oned net hod, wherein the lipid

f or nil @tthi@renit®dandritf) @ ﬁﬁ%@s@ﬂ&v&ﬁ%n@@h‘tés% & AR ndeSitioned method
m kacin. In certain odi ments, the present

whergwthe Bpidfamalaiion keseripid foomsindprtivemeti oeabienti).S:1 or less.
wherein the lipid formulation is a |iposone, the
ant i Inrﬁeééltﬂl opbodimenis, Kzecprasenkimyrentivea IblaFﬂSdo ﬁm"qfonewsu«aned method,

[ t nbodi,nent

WROGRRAP bR BBl b dbBtond, R BRI ARG e ol
cdnfqirfsesiDPRﬂelh& icholedteroll, iapd thd 195idnd @itiigRctive ratid ISUBSAME1 or less.

the antiinfective is amkacin, and the |ipid conprises

DPPQnangthenehBsdigett, thel plesef tndéiio8 FRRLS k&R hﬁthddhﬁ treating

present invention reI ates to the aforenenti oned

PUBOREY nfapiians iha paiéent inpnasd e prfl camippising admanibtepigtot the patlent a

i

LR 8Ll RO ol gy tottng a i
foatiolatone md a)ﬂ&rﬂmtfeﬁh&dwherem the dosage of antiinfective is about 100 mg/day or

less. In a further embodiment, the dosage amount of antiinfective is about 30 mg to about
50 mg every other day. In a further embodiment, the dosage amount of antiinfective is

about 30 mg to about 50 mg every third day.

In another embodiment, the present invention relates to the aforementioned method
of treating, wherein the liposome has a mean diameter of about 0.2 pm to about 1.0 pm. In
a further embodiment, the liposome has a mean diameter of about 0.2 um to about 0.5 pm,

or about 0.2 um to about 0.3 um.
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wherein the lipid fornulation has a lipid to

antiinfective ratio of about 0.75:1 or less. In
woent7ainm4enbodi ments, the present invention reParas216/027859

t he aforenenti oned net hod, wherein the lipid

phoutt BlobR ofyBBghent, M prignP b preihEllshin I aftgRentioned method
oPi€Siap! whét¥iathé MllmohtigRclich khgeafisreyan fiinpas

nmet hod, wherein the |ipid fornulation is a |iposone,

t he Aot efibbitheht HRPrKRG! Rwedtit (blalis Yo ARMPSLSERt

DPPC ar%d chol estle.reol’,l%?r{d _t_heVFi pI ofjetao Sa%?)lgi né ectllsﬂ'\lloened method
ol tzqatingi wherpiouhe weighrativ o€ Hpidite asmiofdetive Bribodi 4k it abohe.5: 1,

t | i ‘ t t d of t ti
TR b TL oPeh el Fle DatoRehpt A agohdinabf.
f gg%@{?ﬁ E%%Bbé‘l'g%l’g@iqh gsteghi:ggg&t%gérglgpe}s it%@g@ﬁcgpmentioned method
oﬂ?éa'tih?,f\ﬁﬁéréi‘ﬁ%é Mk @tveqd sGR fr%\'}ﬁe ﬁ)lllo{NBigg an aminoglycoside, a
er e 'dos ag%

formulati on and an antiinfective, ein t
tetrheyatine,i asubfondnriee, rsambobenzbilacid) /adiymmopyrisiline, B qainolone, a p-
further. enbodi ment, the dosage anount of antijnfective

laptam, g fighacter angd & flagtsmase mhitwigr.ehiargphsaical perigillinsycephalosporins,

' - tilnfectiwv
BHEIEE FIRRALTER g U5, CRABELAIPIN M LR
pdymykierB, erbsdi, rerbmytingbaiesen isnivzéd) rifanpinedthigbutb )
qthe af orenent i.oned ngthod of treating, wherein }he, .
(OB RS e i CFOBE Mo APRIBRICID AU S, Glodwrdmine,
thaki @nifde, dﬁbl?erfe%hﬁhﬁ@al?ﬁﬁé%%s‘ﬂ%‘ﬁmidtaﬁﬁeﬂ ti-igzbgéz @]s&g}@vﬂl,

mean di aneter of about 0.2 mmto about
tepgoprol® batogpmazeleiddopiray., Giclopirbn okngnd drloprdpnditoleafate, naftifine,

] rese I: ntd on | at to.t he af orenentjoned.
iR e B B Tors o e i b PR s s e
aminb glyudsided fIneystheCerhibdaiasntsthe htimnetive s akagh.ment

the present invention relates to the aforenentioned

et hpthnBihet E:@B6diMGnt, MR &eht ThbéhtidRirblRtes thk AfREmbAtRIndd method
to antiinfective is about 4:1 to about 0.5:1, about

offrepting veisaein ey, lipid formalpdign comprises nebialtlipddss I Bpotber embodiment,

: 0.5 1. 1 n angt her, dipent. the., ..
AR et o P S it R Ul EIRAES Bt ERpgciment
thetipdsoaat is fige oftucivgic tipidse Iiahidthdifeatbodient Shé Bpidabaulation

fromthe fo]low,ng: an am nogl ycoside, a tetracycline,
COISES %H]éqlspg%l’lplii.o_ OHsE gﬁl?@o%glegb itp lipjd formulation comprises a sterol.

In%haiHePaRYSditeR ﬁﬁ’lié)?% a0 keR %org?rti%;s ﬂ%ﬁ? %{raach%lesterol

b-1actam and a b-1 amase i nhi phenicol ,

penicil | i 0 ' . rolj Lipomyci.n
e b em SIS OB L BRIy RAINE v et
ofspreting, wireyein the utiinfeotive is Bnikacihj &idithe lipidfe@metich comprises

D 6Ia}1 cccllgéterbls.'om azid, rifanpin, ethanbutol,

In another embodiment, the present invention relates to the aforementioned method
of treating, wherein the antiinfective is amikacin, the weight ratio of lipid to antiinfective is
about 4:1 to about 1:1, and the lipid formulation comprises DPPC and cholesterol. In a
further embodiment, the weight ratio is about 3:1 to about 1:1, 2:1 to about 1:1, or about
1:1.

In another embodiment, the present invention relates to the aforementioned method

of treating, wherein the antiinfective is amikacin, the weight ratio of lipid to antiinfective is

-8.-
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et hi onam de, am nosalicylic acid, cycloserine,

capreonycin, a sulfone, clofazimne, thalidomde, a
woabyane4ant i fungal , flucytosine, imdazole, tPCaAISk@®E/027859

griseoful vin, terconazole butoconazole ciclopirax

al%cf)'u't:hci% 82}&1&' f‘%en i I%al 2 B}péls?srB{’]%] %P]il@?stelopglld the

erblna I he, "or c

plmbaskyiefttiod Re raaili mfygcd ﬂiM@sﬂs Slﬂ‘ﬁﬁﬂﬁbﬁ&ﬁbd/cﬁﬁ%tdﬁle v!renght ratio
anot her enbodi ment, the antiinfective is am kaci n.

méﬁ%@ﬁ%}“é?%ﬁﬂiﬁe%ﬂtoﬂhénéﬂe§éﬁ¥“¢hﬂent|on rel ates to
the af orenenti oned net hod of treating, wherein the
li pi arn@tlm przbpdment theriressst imsentioal relatesital thehiforamentivered method

fretg%%ﬁg e(gem gl?e algllnﬁfle%évélg grltmlﬁacr‘l& la)g vheilglg ﬁmcﬁ%ﬂmld to antiinfective is
almbmdutaan@ut 0L, the BpETEERMIIStI @RRfseADPPOI d Ichleétsrol, laAd the
anot her enbodi rrent the lipid formul ati on conprises a
lipsemp hes p me@n Hianzgiestof ebous Mioiei e About OkfeLh @m d further embodiment,
for nul at |

es ter In a othe
thF P%?eeaﬁ s ﬁ‘arﬁplﬁp ndo tﬁés}i oaRD L et @saggﬁﬂné pm.
ot r g}gg i nent, the present i nventl on relate
to taﬂeana# F emBRdimsAb dieaess nmn’qoaléskarqa@o hgagemnined method
oﬁfgahhé‘fv@&trélﬁ@hé antf ﬁ%'l;@am%ﬁ 1?1% Wei tgatfooé i dloI néglﬁtmfectlve is

conprises DPPC an ol estero er e
ahoms4 @rte gentt Oini,ghe lipid fomhdaten dompris& BPBCeng cholesiad], the

od.of trea n.the anti ectlv IS
plReREY, lﬁffecfﬂ%l%? %ﬁtﬁm Eofes ¢ Ghropispang th iEsoime et  prepe diameter of
ablofit @R QM tofabokt 1.0 18RO a Airther @ﬁ%(ﬁlﬁ@ﬂtl %h@'n%ﬁ%efﬂx’étﬁli’s @but 0.2 um
conpri ses DPPC and chol est erol er
toerbatd]. Srpnt, pr tbveit G jghto atauk O. 3|pinabout 3:1 to about
1:1, 2:1 to about 1:1, or about 1:1. In another
enboTicse lmbocﬂlhﬁanﬂ;fc&"?el@dhﬁrewﬁt/ﬁ%ﬂltﬂfh b@kAéRBodiMehiiand their features
angrfglr enent i oned nethod of treating, wherein the
AiaReBgtiosy Will be anpareaé fram the desgaption. drawings &1 qlaipisdhat follow.
to antiinfective isabout 4:1 to about 1:1, the lipid
fornul ati on conpri Buef Popdpteofthelrowérgsl | and t he
pul monary infection is a result of cystic fibrosis. In
a f UFighes | depbslibawniss sedtienalaliagnam ofithespismsbiofilm Sech ih atients
W@Po §1§%9'$3 1 to about 1:1, or about 1:1. In another
K t he present |nvention relates to the
af or rrent ned of treatin erein.th
ant i "E’F’é‘?: %Ctﬁ Wjﬁ%‘“}l ﬁepr‘?sﬁ%t ﬁ’{fw rta&ﬁ?talgnﬁldlqeb‘?t&ffe“ of the

drhg)oﬂﬁl%fpk&éﬁﬁh{;é&ﬁloh_s about 4:1 to about 0.5:1, the
[Tpid rmul ati on conprises DPPC and chol esterol, and

t he . i . .
Lhe u?gg%@ﬂ%&‘@ﬁeﬁc %?ﬂ%? f’%?n%sg%tiaﬁé%sﬁ%}%%texqol%gw Iftikacin in
various forms

Figure 5 depicts a graphical representation of sustained release for

liposomal/complexed amikacin and tobramycin.
Figure 6 depicts data on free or complexed ciprofloxacin.

Figure 7 depicts a graphical representation of drug residence in the lung given

various dosing schedules.

Figure 8 depicts graphically the two-stream in-line infusion process of preparing

liposomal antiinfective formulations.
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the nean dianeter is about 0.2 nmto about 0.4 mm or
about 0.2 mmto about 0.3 mm In another enbodi ment,

woheorpmesent i nvention relates to the af orenenPComsen06/027859
nmet hod of treating, wherein the antiinfective is

am kaci t.he wei.ght..ratio of .lipi.d to.antiipfective

s, aBiPe § HESoSRbEb L Racih s Bl et o e represent
maRifi bsildciiRidacanatien (aee)Biseible WieetRahdTRERLYN at room temperature

infection is the result of cystic fibrosis, and the

(BT dREC hAs highaeancenteptioneamilkhoiafoms pseparatn liqridploase
0 I.n.. rther .enbodi ne h an di aneter .is
(et i)y i [ R R SRR VoAl TRRs e R et o
cdhcentration Tih geiptdyhatkiabRnhfsioh mikeird(309500 é)hﬂy)edi‘lﬁia‘f’t@r adding water
ot her enbodi nents, and their features an

cteristics, wll be apparent fromthe

description, drawings and clainms that follow Brief

Description of the DravldiggedDeyariptididepi cts the cross

sectional diagramof the sputunf biofilmseen in

pat i € gresunt nveytsin disdlodes adipsl fobnglatien 2ordpqding sn adidnfective

raphi cal representation of the targetin nd depo

wHnPBh S pETR i ok A st TlnroedY keghr Dae apesent
inBietioh ARRIisdoses 2 RTYHIERI ofpREaBiag ifedd [P FoRhulR@sGiser i ol ogy

of am kacin in various fornms. Figure 5 depicts a

1.9paphkisal representation of sustained release for
I posonal / conpl exed am kaci n and tobranycin. Figure 6

den! PhiofahAdl §45E iind: ALRLBHEH LRIV AT on. certain terms
Figure 7 depicts a graphi cal representation of drug

emglsyettindke specificetion) rgargplee md/appended oikisis age ctleeddhes. These
Fi gure icts.graphically the tw-streamin-|ine

51 Séﬁ?‘ﬂ& B ée_s"é “gilgﬁtrcgﬁ% ﬁeﬁgﬂﬂﬁebe@@&é}sc pieipf geqryigod as by a

pdr@InnasRill i8Re it SULRsOdIRRE SindrWiss GlIREdHNE 041 9d SRNERE t&hms used
sulfate with ethanol/water. Lines represent nmaxim

hereinfoaes e same arsaniagiap nomivesky) undexstriod by aperfonaifivadiory skill in the

olution at roomtenperature (RT) and 40C. At higher

concentrations am kacin forns a separate |iquid phase

(coagervates) ,, whi.ch, |l ater precipitates as crystals. i

Vor t T EAFEER o o ot 4nsl REORAGHRED P8R o fo Hps hat one (ie.to
atlléRt SHATF HRGirdmmAfisks bBR-Lthd i cle3RY wBPoRakhDle, 8flelement”

af ter addi ng water
means one element or more than one element.

The term “bioavailable” is art-recognized and refers to a form of the subject
invention that allows for it, or a portion of the amount administered, to be absorbed by,
incorporated to, or otherwise physiologically available to a subject or patient to whom it is

administered.

The terms “comprise” and “comprising” are used in the inclusive, open sense,

meaning that additional elements may be included.

The terms “encapsulated” and “encapsulating” are refers to adsorption of
antiinfectives on the surface of lipid based formulation, association of antiinfectives in the
interstitial region of bilayers or between two monolayers, capture of antiinfectives in the
space between two bilayers, or capture of aniinfectives in the space surrounded by the inner

most bilayer or monolayer.
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200 parts. Detailed Description The present invention
di scloses a lipid formul ation conprising an

wanvizinfaet i ve wherein the size and |ipid to dpagusS2006/027859
ratios are smaller than previously known. The present
invention also. disgloses a nethod of preparing these | .
i pi 409 Sl e i Usdk BRTeY Bhdnqesr IECHYBRT BhicRot limited to”.

“TReth@me” b 4RS0dHE DG AR UInARdAD” 5RQsR] BREMankEhpENt | ON,
certain terns enployed in the specification, €exanples

and ef.ql.al: here, . W N S At
Gof | ERPROA SHolS R eclE (AR Bl anilieS R or L ip-An
diedussduchettis ¢ anyforn afiahtimielivt cathoaisiob wherepe teaghatalit 1% by
skill.in the.art.. Unl ess .defined of herw se, | )
wiieht o6 e miRiso i is AoF RIEa G B o bleihet & FirShaeomdox with the
i ' i R =9 i
BT SR8 ST APl Ry REESE oot

bitpyer phaselohartks interficiabhendgraypaegion of the liposaenal béayan Ereferably, at

gt B P o! B ugRaP e on it B 2bie Rt g o can ve

soedsedeRAtEd. OAssIbiationd bibedfieastted B ikbpardtiéh theduh a filter where lipid and
."bioavailable" is art-recognized and refers to a form

lipiel-apypeiatadnignteqtivg dvrefainedi4nd tireglapBindectiye 1sip thefiltgte. A
“ i y . adri ni: . ' ..
RREGh o o TGRS 5 REnOR S5K oipi
foavalatiabisgh¢ form fuldjpestmar patient to whomit is

adm ni stered. The terns "conprise" and "conpri sing”

ar e Tiserrh fimbimenal N6 ki 6n tHRREN aSEHG&Mpl 4P atiniigalk Ralude humans,
addi ti onal el enents may be included. The terns
Prapgies ROINGS AT FanBRd ApuRasatdigdeniy €. aice and gats).
adsorption of antiinfectives on the surface of |ipid .
based Paftah] atubinet” aisGosi & bokeaid kintieisniedtmetbed inay mean either
aﬂtﬂﬁmi&grﬁﬁlglﬂrﬁe{naa{nirﬁﬁgi on of bilayers or between two
nonol ayers, capture of antiinfectives in the space
af. aniinfec

bet ween twa .bil ayer.s... or capt.ur tives i.n

the Slsaga! SUFPOM LA HETRAZE o F sPpaiged dfretels to he
relinely apartoxibEnbrgamit ahd 61dddlicndid ddditlnaditNer Rinpoufdd Bdluding, for

"“including but not limted to". "Including" and
examply, thesm goBupehistcompepitiens elothe arasenidevgntion.

i nterchangeably. ) . ) o

The term "solvent infusion" is a process that includes dissolving one or more lipids

in a small, preferably minimal, amount of a process compatible solvent to form a lipid
suspension or solution (preferably a solution) and then adding the solution to an aqueous
medium containing bioactive agents. Typically a process compatible solvent is one that can
be washed away in a aqueous process such as dialysis. The composition that is cool/warm
cycled is preferably formed by solvent infusion, with ethanol infusion being preferred.
Alcohols are preferred as solvents. "Ethanol infusion," a type of solvent infusion, is a
process that includes dissolving one or more lipids in a small, preferably minimal, amount
of ethanol to form a lipid solution and then adding the solution to an aqueous medium
containing bioactive agents. A "small" amount of solvent is an amount compatible with
forming liposomes or lipid complexes in the infusion process. The term “solvent infusion”
may also include an in-line infusion process where two streams of formulation components

are first mixed in-line.
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The term"lipid antiiiifective formulation," or

"Lip-antiinfective," or "Lip-An" discussed herein is
wanyrioergsn of antiinfective conposition where aPCraa3106/027859

about 1% by wei ght of the anti i nfective is associ ated

) ‘ _ h .t
}N: LPEBQ ?enlngghlgstzﬁftltaﬁz grrer% V\:h er & o%fﬁ eg %{@Eelf &% tSM a ﬁ,h>}a1@81qtrﬁt or less.

ot BRSPS i hecige T o RN B '%iﬁ)é?r b eiral moiety
that IsaytblogiaRY, qﬂl%ibl\églcaﬂy,'d?@ﬁirn?a@@]é@rc&ﬁ’? a&fve%ﬁbétﬁ@% tthat acts

about 10% or | east about 20% or at | east about
logaldy Olc%/ﬁteﬁécadld 1&§§é‘@5?@it Examples of therdpenticagentsealpereferraio as

c?’}ﬂ ss’gﬁ’%;d%%dgﬁagfiﬁlmvgﬁ%go@ fhltétr%tglée rmge?%rng%frﬁb&s gﬁg\dﬁcgéndex the

PhlysualamfmestclR&erbﬁceL ind Ties Pliarhbe]Ggicah Bakis RO TBE@beutics, and they
iinfective fornulation" is a lipid antiinfective
mPE‘rdﬁu‘iV’é]E?‘E AOYREPR Peditgants ViamBengingtal svprlemertis splstances used

fo‘i’ftheatréa,'tlﬂr@r?toé‘i%ven-mﬁ 1§é1{8s1s' e {;]rdlrlrﬁag%ﬂ %r’lg rc%a ?aestse%? i1fHeks;

exenpl a I NC
Sub@tﬁnmsyhldoaﬁfwh de, stuanian@asindtzni afelse bcai‘ydorr lﬁdeiirtl@, which become

ce and rats en subj. ect”
oibfgfoty B i e e tor HED bivy iep nbien s ray alasise!
erﬁ;lnbhﬁfen@ human or non-human animal. The term .
"pharnmaceutical | y-acceptabl e salts" is art-recogni ze%
and TEd Sirfse ‘AhdrhiSufiSlIBiieliv X Goed Biifs ¢
or gani cﬁg%? d arg?etullongiéa tsl, eo%m@ghn'p%g&gg 191%‘91? Ag& i Bmount of
a mmp@wénmla@nah hosenpasition qwmprllsmgcadrmda smttmfa:nﬁveoforrhhl@tlon

t ol.ve I nfusi on
AT P e PR T R S B—
ef&csﬁyiiﬂhlblﬁﬁgi‘fnﬂﬁﬁﬁbw iAol bR . armunt of a process

conpati bl e solvent to fornra i pid suspension or

sol uthéRrh PfrediRipa R érf‘t-fbcé@hk@d AMrefho! cﬂﬁﬁ% degfleﬂ‘ gs Elgglwratmg at

solution to an agueous nedi um cont ai ni ng DI oact
leagy ene symmtop) @aﬂnwoedlmm@te@seae@nﬂw fietrh &treaiing® also msfemrte

n.a_agueous process. .such . as
PP SRR AR B Yelere Ref SPuB P AR 8 PedSrase.
2prefe apl forned by solvent i nfusion, with ethano
-F%%H§i6ﬁi%eing preferred Al cohol s are preferred as
' usi on pe of sol vent

|
|ng \Lj‘gwblﬁfec lgesé‘rf)?%?e Lattaﬁta‘l‘gaﬂq%}‘ﬁ?fé‘é’nﬂ|S§%}b4‘3\}?aﬁ@néhe or
my&bacteHfll fmghld Vﬁlalmrdtezdﬁ[ Rir&iBRs. YARTR TR es cj%g%atbﬁe e

ethanol to forma |ipid solution and then adding t
ingentiohilegiudecb Areaept douited e aninegtyonsidésr(ergy sbEmantycimegentamicin,

toﬁt%ﬁ%}c?r %@ma%ﬂ?hetﬂm%m Li%arg{mﬁ ozln\r/ﬁﬂe Ii <e$) te{}acynﬁnes (such as

chlortetracycline, oxytetracycline, methacycline, doxycycline, minocycline and the like),

sulfonamides (e.g., sulfanilamide, sulfadiazine, sulfamethaoxazole, sulfisoxazole,
sulfacetamide, and the like), paraaminobenzoic acid, diaminopyrimidines (such as
trimethoprim, often used in conjunction with sulfamethoxazole, pyrazinamide, and the
like), quinolones (such as nalidixic acid, cinoxacin, ciprofloxacin and norfloxacin and the
like), penicillins (such as penicillin G, penicillin V, ampicillin, amoxicillin, bacampicillin,
carbenicillin, carbenicillin indanyl, ticarcillin, azlocillin, mezlocillin, piperacillin, and the
like), penicillinase resistant penicillin (such as methicillin, oxacillin, cloxacillin,

dicloxacillin, nafcillin and the like), first generation cephalosporins (such as cefadroxil,
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formng |iposonmes or |ipid conplexes in the infusion
process. The term "sol vent infusion” may al so include

wanoi7miid4me i nf usi on process where two streamnsPOT/US2006/027859
formul ati on conponents are first m xed in-line.The

YRR, B b R oA B R0 0 Bneaion
cépliglobporing (fich 2k €6fREI6T, 2efmANdblE, einScill Lefdlitit Ref&G R, cefuroxime,

noi ety that is a biologically, physiologically, or _
cofaiiveeBichiliceEnetyzole cpipeozil. losacarhed aefranide tanditiaclate) ythird

; ] [ ' her apentic.

er A O f bt Guch A hG R, SEBERLEE, gl o RE pfime.
cofielakernen osfimziditner edfiirge, roefpedexinesceftibiterd St e IR, Cther beta-

| ndex, ghe, Physi ci ans Desk Reference, and The
laFiPrH’lSZ% Iaégrp’d’&}le@a%F@P%‘FmFﬁéﬁr%’&é& P]@§91351ﬁ@°1.ldh§31?a0tama
tal WA AHE andMHeN S, Ue’ta‘iﬂc&ﬁ%&s@ PhhitTRA @ﬁgﬂa aév%\férﬁégaia}f;

m neral suppl enents; substances use or the
chloramphemicol, praexodides @Ench @i caghosiywin, @aitleroorycim tlagéréroycin, and the

30, e Pl SRR 5 Bo GG i o
pdl9@ORE DRI, FAl(Eolisas A)VE B, comiia B6t CVamdaht ﬁke)tc?ﬁgcin,

have been placed in a physiological environnment.” o
vanRpEyEn; hasdragpe ifoninald, vl cthapbvigloethiohamileygihosalicylic acid,

C}}ggd'ﬁgliiﬂa, GE&Q&ngélﬁ‘t su%géésr@uﬁ%.fas. 88%%’% ﬂ%%% ne?styglruirrilahd Ye like),

osrtion conprisin i pi
clbfarimiha tthaitoatdqodemgother dnidaqérts @Béntitiut @il bOpidithedpsulated.
is effective for producjng sone desired therapeutic
A%fﬁlrlg%tl_vwamﬁlm qnidmeal Rk oludmedtol vms antifvasale fsyeh as
aril;\llgellfoﬁcﬁ{c'irpgr nystatfil hatﬁﬁ?&gmrrﬁetﬂe I5i fhzé Jsind ﬂn}?iﬁ%dr%gbg(s&‘& as n-

as ameliorating at’ east onée synptom o
tigooaetile, ichririmazale.seas@oleT heotmamolet anddhe hikg), @lasdes @helr &

.to prophylactic treati whi ¢ cts to defend against. . .
B SEIA5E e S P SBEE Tot  hR copiv,
cidlopirdnblegiiney B8lopFoRird @i ftd, Ratifide ! teAGRS! od Al Setdr RSfungal that

such as bacterial, nycobacterial, fungal, viral or -
caprbstlipbencapsiated posrsiplarndi Pisressionsad taxsmempdesgye ditested primarily
to’wQ}’deﬁﬁi:kQHn ibRCHmY qg)é;%%tf i %)lpﬂg%tioln'iyhsﬁgtehg?d to.be.limited to this

am nogl ycosi des .g., streptonycin, gentarmcin,
arttirfeaivg cCombmatidmod fdrugsedan beusddn, kanamycin, and the

like), tetracyclines (such as chlortetracycli ne,

oxy tRirtiadyly pre€erredehti BEactivesiacludOmeyihddlPeosides, the quinolones,
m nocycline and the |ike), sulfonam des (e.g.,
the pelyeis adidineals and thepelymyras. sul f anet haoxazol e,

sul fi soxazol e, _ . . _ - . _ )
Also included as suitable antiinfectives used in the lipid antiinfective formulations

of the present invention are pharmaceutically acceptable addition salts and complexes of
antiinfectives. In cases wherein the compounds may have one or more chiral centers,
unless specified, the present invention comprises each unique racemic compound, as well as

each unique nonracemic compound.

In cases in which the antiinfectives have unsaturated carbon-carbon double bonds,
both the cis (Z) and trans (E) isomers are within the scope of this invention. In cases

wherein the antiinfectives may exist in tautomeric forms, such as keto-enol tautomers, such
0 OR'
as /u\ and /§ » each tautomeric form is contemplated as being included within this
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sul facetam de, and the |ike), paraam nobenzoic acid,

di am nopyri m dines (such as trinethoprim often used
wonowmjancti on with sul famet hoxazol e, pyrazi neaTA82006/027859

and the like), quinolones (such as nalidixic acid,

1119%%?%99}11@%1312&{?{&{ l F@\?ﬂlﬁlﬂ%{é%ﬁ gogc:k%(%l oa}l%lf‘é'rg %gﬁ}’%’ioﬂlf‘tﬁ substitution

with Ranfihe iebning o famysubbtithérit at ABc@RWcCIrdrics is independent of its
car.benicilljn, %Frben;0|llln |ndanyl ticarcillin,
MERiRE; qr @Y, othie O HiuERLsneasige Aty |Otheh OcqiErERe | i ke) |
penicillinase resjstant penicillin (such as
met hidsolinglpdedss seitatile antiiafeetivesiused in, thellipidantinfedtiva formulations
of‘tﬂfa ﬁ& s%lg n%\%:ﬂﬁ%ﬁ %&‘% &(‘ﬁ(ﬁ'ﬁés oif t 1@ frag%:frﬁ% %ngl’ll -Pﬁodrugs are considered
todﬁp;lmy&dvﬂmtl}dﬁmhaﬂ carfien Wlﬁﬁpfbﬁalsé the acbef Iﬁiﬁitlcﬂmpaﬁﬁﬂ in vivo.

the |like), second generation cephal osporins (such as

3.celipsdnary Infetiampndol e, cefonicid, cefoxitin,
cefotetan, cefuroxine, cefuroxine axetil; cefnetazole

cef pARwhb theI RHREA4D %fectfd%g QhRRS5 cy%ﬂéj ﬁBHﬁls ahgﬂms) that can be
third generation cephal osporins (such as cefepl
treas¢cbyh ﬂmn@thowfdhfamvmmon@eé Psendwinness (¢gf,tA: namgiesa, P.

PRMPRULP Bt BdBrostt g7t etos@ n B Epe

Mmmnmmtamstcmﬂammbmw MRSA?%tr@pto&dchla@ﬂc%ﬁm by
tazobactan1 and the Ilke% bet al act anmse |nh|b|tors

SiiRaeces rpen e Esderialia colil iebvighre fnespbaciacSatdtites
c charjthro
Hg%ﬁ&{hﬁgi)%ﬁ%{nﬁ gpaésc}gﬂrkg?%i'e}zg P?J{)ggbﬁllez b gégaafz og;rydzblﬁ, B.
mpl@zlvywx,llh v&,ﬁzmkry’m Mywboicsemhn adaemVQsm/M avitsm Eamplex LAC)(M.
% |I/Vatln orﬁ% colistin Bor C, and the |ike)
G eRE Mh AR AR - et M ierort Morrgpie, M wcsiageror M.
forluhamuhglex (81 WanaM &8s 1R lihfeyidds, aci d,

cycl oserine, capreonycin, sulfores (such as dapsone

4. 95 05YrerapbHm  and the like), clofazimne,
thal i dom de, or any other antibacterial agent that can

be 1jhRind cRBoaRRME fleGe eﬁtgl érﬁloﬁ%gfn ﬁgescatarﬂ 10§ lorlﬁlg ment,
antifungal agents, ineluding poly At FURgar $4LER
coasprimg riBnisiTationRy aﬂh&'ap&utmallm@ff@nye amnpu@rd atlipéd ditkefective
ffI U]taf,{t osine, imdazoles (such as nticonazol e,
HPYerazol e, econazol e, ketoconazole, and the I|ike),

tri | es sucg 35 it[acogﬁ_g fl uconazol e, and the
i kgﬁe“ﬁﬂos%ﬁﬁl f GPHEC IEVAS B?lew e eciemed dpsage of the mvention is
5004 61 RRd, B3%; or%s‘él .’ﬂff% ro?l‘es?'og'ﬂ)‘?&eor 10! &pcﬁé)ﬂﬁllﬁﬁmrm free drug (which of

tolnaftate, naftifne, of any of
cogrseichy hg alsalt)ramouoaﬂnabm efffiegtivck, Hruichpsed at thel luigs via a nebulizer, to

Di h
S R R TR R
tre’aﬁﬁéﬂtC ahe Qdihlpﬁaﬁ'@i frd:eﬂdhﬁg Gﬁl@uﬁﬂs BR dubdidtRd ahfbuhf‘ﬂhﬁt would be used
antiinfective. Conbinations of drugs can be used
in the dosing period applied with the drug administration of the invention. "The comparative

minimum free drug defined in this paragraph is a "comparative free drug amount."

The non-CF treating embodiments of the invention can be used with any animal,
though preferably with humans. Relative amounts in a given animal are measured with

respect to such animal.
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Particularly preferred antiinfectives include the
am nogl ycosi des, the qui nol ones, the polyene

wanvi7foargal s and t he pol ynyxi ns. Al so i ncl udedPas/us2006/027859
suitable antiinfectives used in the lipid

tii |.atj of th sen
gpel gﬁéa g(&r;% gcthF%ué?}g ﬁ‘: ng& arjee & d%a ‘?Sfjnf“s%{fa%é éﬁ)algodlments the
dmng’.)ioﬁxdiﬁe aforeB bveryfoﬂﬁf X6 Sver ThiéR8BE eWIORRER, drh&s. For example,
ounds nay have one or nore chiral centers unl ess

th@;s‘@ Pg .S%ltfdulewen b &¥dROticndanes loss: Benp 0%y 1@a@ﬁthmpqmranve
fEAGRP é)%ﬁfm@f‘ gk exﬁﬁlRYéeWLHe o‘%§1tn§ %Qll?b Hiuﬂplgc 3% ﬁfgsg of the

conmpound. [n éases | € an ave
cqmmatmeaﬁ'wrug einowitc SebBiguks Bolnd 4ofon dsimab dith shidveing ilsat the lipid

sonmers are wthin the _scqope of this
afi(th’zfs otf?ﬂn&'ﬁﬁflé‘h%@§11%m8$egr FRVERROTAE MOoKE %@W‘i}%‘és thegythe free drug.
exist in tautoneric fornms, such as keto-enol -
t aut ”gq;,gpgt mgeggcppsdhgqffggtlv_e amoughell the anigiafagtivawilbbeiccegnized by

clfrfRSid Bt m&gﬁgﬁﬁ%ﬁn@&fep&vﬂg tedf ke a}% thora@e eliminate or prevent

thi'sinvention exi sting rn equi
oleowkeale ispmptoensf adfiting dlyeaaqi)mwght ﬂo&teetr@teldsjr Itl’idﬁdndimowlsbllﬂght to be
bstituent at any

i h [ f
av?&egﬁgiwgé 'y ﬁﬁl& FGBREGE 2 ?lfrgca&léfarﬁ?%wabke camgedpﬁl@r
paihtlSEy BB HIsSaddRR Bblﬁﬁ’tlorﬁtAﬁ@ﬂoﬁﬁ&?fncﬁﬁ@ﬂeﬁﬁ&ﬁ% theAhcciﬁ%flce or

i ncl uded as suitable antiinfectives used
sexerityjof firfeetiops it mnmalsattaawdsarmllymacque de rct:rtam ‘amhbdlments the

um c oun d ru are
ofRR LA o ekl Pl P E B AESr mintorhs € gk Spfection
havelhggse Thhkert@ia okthee emabcﬁﬂienféoﬂiﬁ @ﬂﬁ@h\}erhn’{du‘ﬁﬁ)}s ode effective to treat or
n I nf ecti,ons Anong t he pul nonary i nfections
an(léil?éﬁe §§i JVATags SRGidenes o 5¥ Ity oA infeetiony in primalsdreatsd

prbfiRAUERalY (ﬁéasule&ggﬂeaﬁst&fal lii@ednvention are

seudononas aerugl nosa,” P. paucinmobilis, P.

uti ans
Pt oo GRS RN S BRA BenBERTRY ‘%P%%%VF%@’&&‘&*@%&“"H cither
asaurebubzeadpR5A) powdidfrﬁm’(eﬁfr@ﬂ; at by intethediln@niiyistration. Inhalation
t ococcus i ae), Escherichia coli,

ad%nrélgggtéqqs 4re R eérleab g‘g@ gyeralééqsp]égq % esq_@%p}ﬁqrmglstratlon and an
enH@ﬁo%H 'i‘}héi‘aﬂ%%ﬁg %’ld@%lﬂlf&lﬁp%g & e %"ﬁ% e gﬁﬁ%ll efill f01§1 of1fP ﬁﬁig

gladioli, B. vor ans, t nam ensi
lemw ettier hpidubendatias ias; pdbtlmﬂamlymdvamz{gém d(lé/!kﬁh(eib’lablhty to

plrﬁ}'lectﬁg1 gml%ﬁvl\ﬁlﬁ Qe&qﬁg?cgoel | ﬁl)lae hefllﬁprgt Si?%h{' @Bg[ﬁqlr ne?n,%:

for tﬂetplilrcrers]egtn 1%Vent10%qgcl:18é]eeslmet oc{sefgrt tlrgart]r%ent of pulmonary gram-negative
infections. One usefully treated infection is chronic pseudomonal infection in CF patients.
Known treatments of lung infections (such as in CF patients) with aminoglycoside
generally comprise administering approximately 200 - 600 mg of amikacin or tobramycin
per day via inhalation. The present invention allows for treatment by administering, in one
preferred embodiment, 100 mg or less of amikacin per day (or normalized to 100 mg per
day or less if dosing less frequent). In yet another embodiment, administration of 60 mg or
less of amikacin every day is performed. And in still another embodiment administration of
approximately 30 to 50 mg not more than once every 2 days is performed. The most

preferred embodiment comprises administration of approximately 30 to 50 mg every other

day or every third day.
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4. Methods of Treatment In one enbodi ment the present

i nvention conprises a nethod of treatnent conprising
wadni7iisido at i on of a therapeutically effectiverPamwsei6/027859

of alipid antiinfective fornulation. Were no

S e s provided below, the preferred
S HJ&;% Ez et Hvention is 50% or |ess, 35%or |ess,
the nmini mumfree drug

20 0P G P b A 555 S e
spftheietor waturdlfy-sl@iriter 186dd, telufiign Mf&ﬁhﬂﬁsﬁgﬁgﬁgﬁbﬁ es?ermds fatty

t.o reduce the CFU count in the lungs
Gty gl tegneTuch 4e abymin anishicdipids afwcatisiatipiist ThThieids may be

al‘ﬁgfﬁ@ a&a‘f’i%]lll e%1 ﬂe%ﬁ afj r]ﬂ%n? E&%g&meﬁt Elbeelgl?lg Eungﬁﬁéti/ogldg gﬁpﬁn‘ually free

of dunordc ihgldad iba nmesetmladdlmentpmembﬁi formentibe Bomglhﬁs only neutral lipids.
ar a m niyum free drug defined in t

I‘b%{?’ghﬁs oflignent, the fipid femuaionris &gl plignienie ﬂ,nmds Imawother
eﬂﬁg&lfﬁ%mt Hf‘eqwl@% ae@ggl‘ld]ﬁm sli]l{%fshc;l fadi gf{lﬁﬁé é’ ﬁ%aﬁ@ylcholine

used era

(E@)a@ggm1ﬁﬂmwglywrd (GP@p ﬁgg\phmhafm}emﬁﬁﬁﬁ '('ER‘I@ opt h

phosg Ct Etpﬁn%m)aﬁwggha&dyﬁg?go I %gn%%g?ﬁg}rqung&{gg phosphatidic acid
(EB]”Q)QdiefEBW Soun&éiﬁalﬁo%}f&o‘éﬂ{hﬁqyﬂcﬁolh& (@P@? @f%rS'PSOEPF 'SPE, and

every third day, every

S%&a% ﬂl@drogﬁ@t%@g@dwmwm@m (be, HERG; HﬁH@r otﬁayphZDSphohplds
tiv

B oS0 P E LR R % GRS e

clgthadn 2t 86 caboh bensompaifirbnmehd 8RUPE HOtha TYEton §P§1ycerol that

.F'lﬂeﬁ.3 nd 4 for animal data showng that the lip

inghyf Fiting, £V Eerpbinsical FoMS Shepamppisrall Rribesiripnding

plsFhaifacCacdsf | I’I%QJ“’IQIP§ oh A8 Flt aE{d@%?rg{)ﬁga‘turI Ito:rnﬁrggatufr%tgd and the

i nfections, the effective a e an
phgispholipéd ¢2®d®gna®ed) dfyfaity amdscofatifferdot cham:]lemgiﬁ§ aihdifferent degrees

o Rl B Pei Gyt telshionilfs & oy Rmblagont canaclude
digalstesphsghghlyltivlRe (DPPes,adngbr éd?ﬁut(ﬁ@ﬁ‘tcﬂftrl'aﬁl?%}gpﬁ&ﬁhng lung

to be avoided or treated, or to otherwse pro

sugfactantcag ws)l %Séb@‘gﬁi’lnbmpbat&y&hghn@ OPE). ,ﬁahmdxawleeﬁncnm
cln
N T S A N A
dipalwitogighpephptigdhating GAPRG) axtiigliay pheshast R sol (DPPG)
|l ve 0] r
aif b Tighospb AREHo s HSS B Eangidisienrayiphusebesdsie esvel (DSPG),
d1@1|éy1§ﬁébphhﬁﬁyq&h£rﬁilﬁnﬁE '@EDPE%%B?’BOS&H&%@E figgtive

amount "is one effective to'tr
palmitoylstearoylphosphatidylcholine (PSPC) and palmitoylstearoylphosphatidylglycerol

(PSPG), driacylglycerol, diacylglycerol, seranide, sphingosine, sphingomyelin and single
acylated phospholipids like mono-oleoyl-phosphatidylethanol amine (MOPE).

The lipids used can include ammonium salts of fatty acids, phospholipids and
glycerides, steroids, phosphatidylglycerols (PGs), phosphatidic acids (PAs),
phosphotidylcholines (PCs), phosphatidylinositols (PIs) and the phosphatidylserines (PSs).
The fatty acids include fatty acids of carbon chain lengths of 12 to 26 carbon atoms that are
either saturated or unsaturated. Some specific examples include: myristylamine,

palmitylamine, laurylamine and stearylamine, dilauroyl ethylphosphocholine (DLEP),
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anmel iorate the average incidence or severity of

infections in animals treated prophylactically (as
woreEedo by statistical studies). Liposone or POThS2006/027859

lipid delivery systenms can be adm ni stered for

df % cg{l bt‘ﬁgllp ﬁg{-;ﬁljSEl% rat ﬁ%@f%a@# ni s %ﬂylg n&ﬁjﬁﬂghﬁ (BREP) and

dmmalotyi sthylahopheclaiiae IDSERY, Mo, 37, M%@baﬂaﬂedeﬁﬁl@kp) PpBpA -yl-

NS s Enmeate Senmis HO Ty ced 1af i eoprsrter a
(tflﬁfemy‘&fnnﬁ&ﬁo Prdtne gﬂ)@m‘aﬁf{%gﬁg 9F§telloicﬁ'1901%%eec}{oéesterol and

formil ati ons are ticular vant ageous
enghsfbrol. aBkdninlgs chP(ﬁﬁr BreCRTst PES g Rsvihéliide DPMEE, DPPG, DSPG,

DY St?%—f?éﬁ%%b@&&ﬁ#ﬁﬁ DS S: REHE 9l BSsRC hRRE, peec,

DMP(qu(gp@ f@gm am negat ive infections. One usefully
treated infection is chronic pseudononal infection in

CF PRt or Iﬁ%?ﬁ"ﬁltﬁﬁi%ﬁ“ﬁﬁhﬁul ods%ﬁgxgb dﬁdéf{ﬂh??b%aﬁ&%%ﬂolines,

as in CF patie am nogl ycosi
susbrap DFPE, axdlrm rtilesumzukeﬁgf thp peltxin maﬁt lehy s@(h(hs -th@ﬂ@e(ﬂ@‘ miicrophages

s G Sl0mitrion oL PreGRE T o ekl e Ty {SohzatesRomi et .

(1@9 ) NiT5E Bédakigelyicha@Be 1ipids k&l RdhEPGY @A? PBs addPIs"B Abition to
| ess of am kacin_per day (or normalized to 100 ng per

reguging pattigleapregeling, aen play § role @qﬂﬂérwgtamﬁch rejesse glryedienistics of the
inggfgﬁgﬂ i%%%}aué‘ﬁ' Q@ {%ﬁ bEA fhgﬁ‘axr?{?gg%f ﬁ dt%hnul%’? ﬁ? ?crgﬁ o’[{’l% gllng

acin every I'S per I'n-s
(terryttisisg fidr s&stamm uiittail&t IR stdrolappiponhdsaire bylicy@d taffllt 1 release

t .nore than.once days is perforned. The nost
I}?ﬁ@?@ﬁ?@&“%&?&’? t?‘ %%‘%b’%?tg’é‘s adni ni stration of

approximately 30 to 50 every other day or every
t hi riPgsgmes. ar%%m@teh/rfdm@ﬂé’@ gpéasvemmérnbrq@pﬁgorwsy@mguan entrapped

acfu@@usC\Q)niEﬂé' Ugeﬂﬁn&f aﬁ BE wRASHaN: vEQé’lF{@aoQ&sﬁﬂg Q%gle membrane

ynt heti c, m synthetic or natura occur
bllaypn)(d)s muiltdaﬂnakﬂarn@smm $qnhmi like stayctirecchphetaized by multlple
st er oi fatt aci ds, proteins such as al bum n,
Bl vk hich el il BORR! Ghot saneors Brers. TegbiBier is
co@ﬂi}io@&l & t\x@aﬁm@ﬂioﬁola?érs AeHhE ﬁlhydllo h@cﬁ@ "GO RY SBd:a Hydophilic

id fornulation iS substantially free of "anionic
"h|ea jirggion) The sleucsirs of iremembrahebilayst & sioh that tieihgrrophobic
(o) R R e PR oyt o B et o e il it the
h}&l[’@ihlillﬁf "hedy0 drieRitbwaitde ¢hd a(ﬁb@usl thade. INpRIMAGIA B tHe formulations are
Phoshol i.pi ds .incl ude egg osphati dyl choI i ne (EPC),
AsERRAALIHS gBﬁgpfla]gﬁ @}tyléf@gtb\{e a(ggpiG)Thlseajgomatlon can be covalent, ionic,

el BRERNAtHHYSVaDS  dr Yerit ERhdse BFPlexes are non-liposomal and are incapable

of entrapping additional water soluble solutes. Examples of such complexes include lipid
complexes of amphotencin B (Janoff et al., Proc. Nat Acad. Sci., 85:6122 6126, 1988) and

cardiolipin complexed with doxorubicin.

A lipid clathrate is a three-dimensional, cage-like structure employing one or more
lipids wherein the structure entraps a bioactive agent. Such clathrates are included in the

scope of the present invention.
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phosphati dyl seri ne (EPS), phosphati dyl et hanol am ne

(EPE), and egg phosphatide acid (EPA); the soya
woawTierg@arts, soy phosphati dyl choline (SPC); BPGUSBPB&027859

SPI, SPE, and SPA; the hydrogenat ed egg and soya

coun rts ( hos i ds
U B B R SR e Lo B Bl aescs wpon
c@nbig i bysiectaithasidue@ndiduidt Abifdtide ot BaiePmighg %é’n bOn&ssary.
carbon atons and different head groups in the
Spdsprolipesopres gieyeandnd infka scope piide Plifﬁ@mllw@ntlgllycer ol ,
inositol, serine, ethanolamne, as well as the
cor r bipseordesugnphpsyshvacd biea sy of Methodh donexaniple, fves Bally, Cullis

S A T T IR NV

131i15: Qw-emtl%hﬁpxﬁdlh@ﬁgfdiﬁar mllmahfenw&lc;t@m%)OLemc et al. (U.S.
unsaturation. In par I CUl ar, he conposli tions of the

PatoNe$i14at426393, HA30.# 5t asgn 169, 637) Fountain et al. (U.S. Pat. No 4,588,578)
aftl GGl ﬁy¢l;p§q5a?w 5%2 LRt ORE ds for g?c*dglcltng rﬁmlggamellar

constrtuent of naturdlly-0Cccurring
lipwsbmeabadng kmwhndiil)sqﬁjmal inckylaatatibyi sraﬂhté Hﬁ?fB)utloﬁlhh&rch of their

exanpl es |nclud ylphos hati dyl chol i ne
S R LA b S By e 5 Oipaloses
i %%%%ﬁ%ﬁ%ﬁﬂﬁ%s@g% SESAPE g borsion

di st 9ﬁﬂ§iﬁ+ 9§s‘? ag;yri 3#941110@8’ P%@&gsao@da number of techniques, for

di st ear oyl phosp atl YCEro
exdinplle yhadutisisioa oif dyllstdnahalj aoPae NoDEPE),050)dndiDoaghrey et al. (U.S.

| P like. -
PR RT 3 E3a sy Fivactor demaprrimgion san bpasd o argiuce smaller
ulﬁﬁhi@llﬁloﬂﬁo%bﬁ% ﬁMﬂnQE&%@Pﬁ‘;%sbgﬂéé BkY o6f Blan{plfegg@hadj opoulos et al.,

drlac ycerol, diacylglycerol, serani
é@@@hﬁ’é A@iphﬂh’g é38 r19éhd3@mgﬂé Saeycbmtbé@l 4,515,736; and

Cﬂ%mtk?k}o@é?&" BTG SRERE LI Per uae” amont am
| f.f d d |
st er DheCE R %ﬁ?éﬁf‘@%ﬁ%@gb%&? o g b e aiss. 13:238-
252¢ hld&)l\(eﬁ’éﬁépendlﬁ@ hbl@i&ihé:ﬁlcﬁn' di‘gaiu& Ec@%nt which is then evaporated to

phos atidylinosito (PI's) and the
gq‘?é{tligcﬁm@éﬁhqhééi ﬂlms@,t} theTpastipavesgeladVakt, anrapprageiate amount of

a fut@(gﬁr%ah?ﬁ lg%.gggd AR MM ﬂaehf&v&)eﬁ Lmello,fsaé%ﬁ]l)ea{e lél_?m%giﬁgsomes

re’erther saturate
whipke corisist o€xmitfibes]ldr Wed;wllée(MW@) st \lispoiseEby mechanical means. This
amni_ne aur di | aur oyl

I d yl
pr aqqglt}%{;ggblﬂgsctha ?Sﬁ% %;_negri]f;'eﬁgwg’qt cgftaté%rgglll Qoemcated unilamellar

velichldefieme , ' -
e phogpﬁgg?gﬁha}hﬁgjo%%ﬂt al Ctg.@o}lhﬂh Elﬁgﬂ?{s Acta., 1967, 135:624
638).rapk arge phidenbedlai nesi(lBSEP) , N-(2, 3- di-(9

(Z) - oct adecenyl oxy) -prop-1-yl- N, N, N-trinethylamoni um

chI o’Fecﬁmq@Wi\/ﬁi)odandg large?ulhla&{dﬂhﬁﬁasi@%}(ﬁﬁfs) such as, reverse phase

ev, ]l)%rp EXI%J%%Q)IQB%LE ggq? g?t gelatrfa?utlor%x C%rq%le %?edo{o produce liposomes.
A review of these and other methods for producing liposomes can be found in the text
Liposomes, Marc Ostro, ed., Marcel Dekker, Inc., New York, 1983, Chapter 1, the pertinent
portions of which are incorporated herein by reference. See also Szoka, Jr. et al., (1980,
Ann. Rev. Biophys. Bioeng., 9:467), the pertinent portions of which are also incorporated

herein by reference.
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ergosterol. Exanples of PGs, PAs, Pls, PCs and PSs

i ncl ude DMPG DPPG DSPG DMPA, DPPA, DSPA, DWPI,
wORRI7/01B8PI , DMPS, DPPS and DSPS, DSPC, DPPG BWVPDS2006/027859

DOPC, egg PC. Liposones or lipid antiinfective

Eorgh eRaf AR S o ERRRIBHAL SR 50 B Eovere
pIﬁtSe emowtm%ﬁelem‘wpmmadjapdulbebm U0S. Pus Ny, 8,235,871,
rel ease of the antiinfective agent in the |ung

eaerarse of hsesomes thai pan pergd pye thyspchaengterizodashayigr ybstantially
ec{uhf)l' gl%llélus%lﬂlt@alst Eb%ltlgﬁs.STh gfclzpo%&%ef fssden&ﬂlnapeﬁ ag st%ﬂle
ore aggrega | e in

ucin om, can
pltdienslist ‘aasn;datd; (BBLE¥Rsedafinad acUeS. iPat. INvs 4;5&21805 to Lenk, et al. and

alation formylatio in_the transport

ianIHEeSrIBP’ﬁ?H hasie ypsicles serr@ﬁ'erabgs (Rait s dy188s/§ o Fevnta?m et al. and
£r S LRI AL AN LamENGr vsésf%ﬁégl(F%qm%’W‘stdei‘E&eh%lbb@é’ed to

affect the release and | eakage characteristics of the

for r@d'vﬁﬁ m‘g%f stlekcﬁg e Yafer SOUB e% ?&/th&es gﬁc%daslchgfegterol

bila nbranes contai ni ng an en
hewmlsummatelhape boeressed an fope hmsd)raesi bé@dpe&iﬁaalw Baoff et al., U.S. Pat.

N LA G P ot 085 (o r SHoR AL patassds Mayhew ot o,

dEOMRAG BENEE %rtﬂddﬂﬂgt th® {o%lmaﬁﬁﬁac@da?i(% ?3 anﬁ%ﬁxﬁwral agents by

separated fromthe next an aqueous
enghppsaipding itlene oniinsenenonsing q;}plmla-tmmdieaqlemé chrgain derivatives

b 1
i EEE ORBSH Sereh P ool el A Bl uat B hayspen vsed 0
fotrh aiposdigeshyedriandtobi 4., U PRGaND. 5,04i,bsg. of the Iipid
nonol ayers ori ent tovvard the center of the bil ayer

6. Wi d$ bephysigphi | i ¢ "heads" orient towards the
aqueous phase. Lipid antiinfective fornul ations are

assog paddeQN®r kdrﬁhﬂjg ﬁ'ﬁ@o&@?o@l‘fﬁlﬂ LA RALHVE FRGE DY onsT il STves a

associ ation can coval ent, 1onic, electrostatic,
"spiypreiguausiont pmpssmﬂéms sa pmwhebnpﬂuéwahssah&ng one or more lipids in a

n-11i ong darelcaableof
seld 0 A0 iR o i S BRR R G Rnefil 5B DY ferpyivia
suSsEploR e Solutiﬁﬂx Qﬁéfefalbly zdscﬁ\@tfﬂhl) @ﬂ@ﬁheﬁfmiﬂﬁﬂ% SHetiaGition Buto an aqueous
(Janof f et al Proc. Nat Acad. ScL, 85:6122 6126,

mq@@@)@&%ﬂ%@@uaamll&th@oﬁwl@aébfoa MioE®ss qempriile s9lrent f one that can
bel hdd &\LVQ}; B ?’%cgl)clabﬁs oéégg glﬁ:hddl |1sg(|5}2[gaf\'}vﬁr§‘§§1}.l "Ejtf anol infusion," a

structure enp one or
typd oftrolweneindidiomg psa probéss it llnbdalchg diztolvisgoine ol alohy Kypi@Sin a small,

o e SSET Py S50 ot bl ESREbndeosin
soRR16A B0l ah RABEITR Inc@iurh b tHnSRTRE SNBRIFHPRD A "small" amount of solvent
is an amount compatible with forming liposomes or lipid complexes in the infusion process.
Such processes are described in Lee et al., U.S. Patent Application 10/634,144, filed August
4,2003, Pilkiewicz et al, U.S. Patent Application 10/383,173, filed March 5, 2003, and
Boni et al., U.S. Patent Application 10/383,004, filed March 5, 2003, which applications are

hereby incorporated by reference in their entirety.

The step of infusing the lipid-alcohol solution into the aqueous or alcoholic solution

or mixture containing the antiinfective can be performed above or below the surface of the
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corning in contact with an aqueous liquid. Agitation
or other m xing can be necessary. Such proliposones
waneao7incd4aded in the scope of the present i nveRCTMIS2006/027859
Liposones can be produced by a variety of nethods (for
s et. al i ot.e

BRSO scttionor Bt SoBhigthsibf Bt s ooy, Plafestbly, the step i
pérfdviled Bb&le thé&eﬂfaoe-%%%xés%lun%%@é)mmuces ordi nary

mul tilanellar vesicles (MVs). Lenk et al. (U S. Pat.

NOS Lﬂ)o@c%ﬁes&%ﬁ’als% &jﬁ éfhg’e)d w eﬁﬁ%ﬁfk@ ovsecf H]uc{&)@lhcﬁpéb S. Patent

Apghcatlpns m/@%@%ﬁ)edcwfamhds 2008 1 Atsas, 1ﬂ4>,rﬁ1|eai MQﬁstmg2003

1Tieber v Sheut POCEI0E wlUR B RledBetebes o S e

s@dﬁfb@ﬁkﬁm@%ﬁﬁiéf@ﬁﬁ@mo‘?ﬁ@@ﬁ%fﬂﬁﬁ lﬂl‘léi’lselﬁfre@' U S. Pat.
4,235,871, discloses prepar ation of oli goI anel | ar

|'boﬁff)€§oﬁn@¥r 514 6% lﬁﬂ)g if SR e E&thslﬂ%lbg'ﬁ}g@er of methods,

vesicl'es can be produce M_Vs nunber
such@h ki), séocatexsng Ihemoghnzmonrtmm}mem‘zhiahlalre wekknown, and

re(%liijl)élgl agéseed Pl?xj dgl@élé—bélﬂg% q’ﬁ@%)ﬁ aggm%%ﬁﬁ; o e}/ves Lasaslmg liposomes,

Be41ire Ank @R nfoRétiRGs HSQLhiMtcRS I‘Péii/k&?gede?fﬂ%h b6fe sizes. The filters are
un| anel l ar |iposones from| arger |iposones (see, fo

seneeakyIneadepd prlypdpoate.dut die fiters mav be hiade oBamyphysble matenal which
d&%gi?gm%%c@ ﬁhgﬁg%sr?aﬁﬁegg aphd %%rﬁeii Suth glgﬂ%y ?té%t& ow extrusion

uﬂc&B dufﬁpqent ﬂresk&ile Prbferred Iﬁgblﬁahclﬁddd@&@llgﬁt DERRAr ﬁltbl@ beOduse they
Bi ol 1965, 13:238- 252)

SR pak sé@éfa%% ﬁ}erl@glﬁﬁ BESSHBE Phibg é’ff?fﬁ“f%fh@ﬁﬂ\ﬁmﬁll pgocesses of the
pl%éﬁny f‘fR'Ent‘MH Ohohﬁo&ﬂ%@h etYl?e?Qh@% 6o b udld/ %&ﬁfe ?x‘%\éh B0 Ase

phosphol i pi d 'mon the reaction vessel
asa’pme@m filiers, MamMgpora%ﬁmJ& whielsmvoleaddadiing ligsomes through
ur & and the resulting
aBé%%ﬁ%Eeaﬁléﬁm88W§f§%ﬁHP“Hﬁ#Perane||ar vesi cl es
M.Vs) are di mechani means. This
pr epI; YA 05?15{;{ %’ ﬁﬁgns(fgg, Grsuteﬁéduc?éd/éb’é‘ﬁiﬁ%ﬂ’@no‘ﬁ’hwh

l
A0SR ) S i T i S A S o

snlaégr Bpesongg8Honigaipnl is pepelugieid bammiieasing e glass wbe containing the

B M b RSy SRt o e3P RenBrod St
Aheragtbaly, e?p,lo‘t&rt@péi sdr@ta@@thaydhd wekd Qﬂwhféﬁmh@ﬁ)nhbsﬁ‘@rgﬁs generated by
Vlgr oduce |.i posones. A review of these and ot her

Hom P HEnREN Probe dbfisect satagavithdhe apowmwsmmton

Homogenization and milling apparatii, such as the Gifford Wood homogenizer, Polytron™
or Microfluidizer, can also be used to break down larger liposomes or lipid formulations

into smaller liposomes or lipid formulations.

The resulting liposomal formulations can be separated into homogeneous
populations using methods well known in the art; such as tangential flow filtration. In this
procedure, a heterogeneously sized population of liposomes or lipid formulations is passed
through tangential flow filters, thereby resulting in a liposome population with an upper
and/or lower size limit. When two filters of differing sizes, that is, having different pore

diameters, are employed, liposomes smaller than the first pore diameter pass through the
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Li posonmes, Marc Ostro, ed., Marcel Dekker, Inc., New
York, 1983, Chapter 1, the pertinent portions of which
waneo7ioncao por at ed herein by reference. See al sBCBISk®E/027859

Jr. et al., (1980, Ann. Rev. Biophys. Bioeng., 9:467),

ﬁﬁ%? élﬁlﬁg %f);ﬁf‘erl%n RS ﬁe’ 09{0 t?@%eﬁﬁalaﬂogv ﬁlt a% thguﬁg ! getc?)lgd filter,

er ence ues are

hpigpasaale pord ez thmcthud'ﬁ'sttfhfbs eTh@ﬁenfceQé of ﬂlﬁVﬁ’lltéirQ@Q ase
.evapor at i on veS| c] es (REV)5Papahadj opoul os et _ al
IIEPSSma mplRied pepplaton &VIH&HEH% éFld Lq%@zefhmlw&@ﬁaﬁ%by the pore

sibdbaf tﬁ@ﬁxspﬁd@g&h ?eir§ I?Q% off acterized as having

substanti a equa olute distribution. This

cl asﬁ/{ ggr 4t |ag?&§lg§ﬁ%t|t§% Igjr‘(?)%% %@gocﬁaaeaoﬁwﬁlégﬁic?enbelgrapﬁb@t of
ll}bd;phlléh ibRi2atle Biohotiteetpnts @tictads. an&ﬁébplztsﬁb dgess, Toahpsd, C

vesicles as .described in U S. Pat, No. 4,588,578 to
athRRYCANgS OrYing aﬂga&?ﬂé&f% e allaigted huwapgloying transmembeane ion

gi48RhG! oSideFiMndhcid [gger%ﬁso pag? s%lglgﬁgn snfertih S%rﬁ%@{lts can also act

sterols and their rivatives
todhokestaptiifechigatgentionnathe lmsembldformuisieh.t o f orm

| i posones; see specifically Janoff et al., U'S. Pat.

No Ei,p?cﬂéntﬁﬂiﬁctmesfsnmdaﬂm ha¥6a sddbiled aniinfedidd effect and lower

" St er qi dal OSONESs. Nayhew et al descr.i bed a
o oYV e P%%{?&Pﬂ& afiwgn?%%aoaam ap eolgacedherappti index. In

gﬂjggiaz L Yty SRS AIEHL S i
ag

i af dtﬂ aqswatekléd@@ﬂevem Iposomalarikasiy wed slowmdp heveldaring the time

o BB B B 8 8 00T ot e

fromAvad ,tc2 g&era@ hukédhagiss Hat & 8BRS/ %(ﬂl@d&ﬂ?S’l?szQﬁlal amikacin
forme@ggesglosomss or lipid antiinfective formulations

makgtAsn ovelsy fpeyyell ioner 4 s, pingaasinal Tids] designed to m1mlc the
psgﬁ&’cﬁﬁfnfa M}@ét%o'nré%%’f’%eé}? ﬁétf‘e%?g ﬁ %m%? Smﬁcamm%vagc ég%n (tio 31gn1ﬁcant1y

, prefera noun
elmoinpta tthdinécsoh iretht ahmlaﬂsb tunga whiep comparsd enBéOimdbglycosides.
solution (preferably a solution) and then infusing the

S ol utursutfattentliodd YEaUs ef@bl@maﬁ@ Bér@piebdiéh MBe lungs during
}11 [ nf ectlve Typical ly process conpati bl e sol vent
brP%f Kb agcom %ﬁé& tagtly liee withquembimapipeblipid and

prﬁ’téﬁg p’ﬂ?e il syp?E&nféﬁ ?'a?lgdrloie{y@f with the l?dpcgbrﬂtghlc cﬂgﬁlg Fﬁgcted

sol'vent I nfusion, "I's a
oudarslo | Thie digicorepresents 0% df ithe ldsg smfamt&tm]hé majorieyf &f tihb lipid being

et RSt g eiets Rurelrgiel o pias fchedas (HER um
(VeliHudleRieDdl, 1 998) amhé suitREnt Yteids (SPYBat are AL fuRlftion to maintain

sol vent
structure and facilitate both expansion and compression of the lung surfactant as occurs

during breathing. Of these, SP-B and SP-C specifically have lytic behavior and can lyse
liposomes (Hagwood et al., 1998; Johansson, 1998). This Iytic behavior could facilitate the
gradual break-up of liposomes. Liposomes can also be directly ingested by macrophages
through phagocytosis (Couveur et al., 1991; Gonzales-Roth et al., 1991; Swenson et al,
1991). Uptake of liposomes by alveolar macrophages is another means by which drugs can

be delivered to the diseased site.
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is an anount conpatible with formng |iposonmes or
l'ipid conplexes in the infusion process. Such

wonrow@dsds are described in Lee et al., U S PaCemIS2006/027859
Application 10/634, 144, filed August 4, 2003,

i oo . . 73,
e e e e

inAplptiow attel ommdH 388e Eibgerfouk &gidyas Gl ib the?RAS surtddt®R. Liposomes
applicatjions are hereby incorporated by reference in

are gampogsehqfbalayers thabenitapshodesirad pBarmgeetiisal. i Tiese eandshuonfigured

i 1 i 1S I i i oy

L B AN Bl B sl s e gritnin

eitttvo the lignid béihe\&iﬁ‘d?rmtslwefmﬁh@ﬁqﬁebﬁﬁ@&@@bﬁwf@én thle R, i The present
. sol.utian. i Xt taining.the antiinfective, .

iy Wiliege wilpe RipeRsSeedo fisnreoinus ispeveaos il atinectire

' [ g [
SO B LKLY UL RSB ED AL U ot o

inpenttiom  Appl i cations: 10/383,004, filed March 5, 2003;
10/ 634, 144, filed August 4, 2003; 10/224,293, filed

August! 20Lin2 0ffdsioamtd/ibd/ 696, 389, filed Oct ober 29,

2003, the specifications of which are incorporated

her elnrorerpattivalailygitélefred ¥mbddiR@EQ MR 1@fosbihfll Mhtiinfective formulations
rul ation sizing can be acconplished by a nunber of o
0L, 1R¢ RIGat 1RygaHOR arednatRsh tyran igdimedniupion matlepd where a stream of lipid

;oW : . [ K q
GRS SECE MU G  1  e
softong siayrbeimixed ireBngiaside agnikingdstenmsceded dgn Ypras®Uioe as depicted

B U DTS L b i o B
deR@ribeaabbod) atRre the &%ﬁkhé%hfti'ohti@ InFud¥BY¥s ReroRd ﬁl_t@% btﬁ{lgof antiinfective

durable materi al ich does not interact wt

solytions SERisHgdy. Whis dfusien method aesults firyloster Gipigl to drug tates and higher

i - S i.cient nressure.. Preferred fi.lters
o bR oer kPR R b8kt By misif prametrs
sugle neflaw Irytectampetatirs,taatith fédii®e bbigieafrationg s8ds8t Mtitlon& fter infusion
referred extrusion processes of the present
St¥Phvention. "Tortuous path" filters.may al so be used.
Extrusion can_al so use asymmetric filters, such as
Anopor e( t943-4 OWpHL i nvol ves extrudi ng .
| i posonmes through a branched-pore type al um num oxi de .
por dudividuat Bew rilepwsisriesedwhile peapiigihandtal flom sate arB00 ml/min.

' by soni.cat.i.on, . which enpl ays .
TR B0 St GO ER oRosEP ™ RELFRT oy bR S, e s
sohpiont aeeoiufilsyd feflorsihiontiRakdrabhRinihd RASPBSion such that the final
Soni cation is conducted by inmmersing a glass tube
N%Eﬁﬁpamtrﬁaoa Wes [ Ppoduiibe Snalsdhpsiobepncentrptiondidantiesceed 30%.

ARRIERMEE 1RACIHGRA wal réh tlﬂ@ﬁéh' 4 g&%aﬁ&[‘t}% &Y filtration column to
separate free amikacin from encapsulated. A 1 mL fraction with highest density
(determined by visual turbidity) was collected for further analysis. The results are
presented in Table 1. Increasing the lipid/amikacin flow rate ratio resulted in an almost
constant L/D until 300/500 mL/min. With further increase of lipid rate, L/D started to
increase and particle size also started getting larger. At the same time, higher lipid flow

rates gave better amikacin recovery (encapsulation efficiency) as more lipid mass was
added.
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woOib@Emiian probe in direct contact with the | i ppeDms2006/027859

suspensi on. Honogeni zation and milling apparatii, such
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*Tapidand apdkasin Ni@ﬂlolls W@r@k@ﬁ IS Ca sisoiiaainestookisoition was 50 mg/mL.

Ngélfein({a)% (él%’%%{]\t?v%sagc%f Hh)gg()ﬁ? O hl | gﬂl]%% lélﬁgu éx Aﬁll%l?lggttlme was set at

Cas’ltMlbdﬁg/ﬁibb nesno6-dlemed 1@-'115@&1@){&%)051@@1’1‘6&%& 0dph.evi at ed
by enpl oyi ng transnenbrane i on gradients. Aside from
i nduci ng greater uptake, such transnmenbrane gradients

can also act to increase antiinfective retention in
t he P3fbd ot the pid{aneikpcin flowirpies ob3R0/Poft mEtmipeshowed the best L/D

aﬂdgfamglé‘élké) Qﬁmﬁﬂl\éﬁ vﬁthsfé§sto g"ﬂ} %llllkg{lﬁ ¢ O¥&P’s Ahd %; Gk “%Q Yecided

wer toxicity allowng equen
toanel these ﬂmhaaiteeﬁbrtaﬁefumlmtekpmmambex I n preclinical
ani mal studies and in conparison to inhaled tobranycin

( notInloIrcms@f’@hochfce khepiesiirsieehosad cdddetias i MRy @Athed®3Rh (batch 6)
posomal am kacin was, shown to have, during

g FFé“‘b‘éW%EFeg%ii £f 9rea?qt%¥ inglpierd- KNGk Wn sqlilig s added into
thgﬂe'ﬁk@f’ﬁﬁoﬂ 18 81sioff 'Ec?‘ﬂzh g1 al &)n%}ﬁr 1BH@ tcgllhggltgg th 1.5% in the
re t obr amyci n.

fromtwo to severa t1nes
bapahgs fn Tabdd 1)y, Thei rpﬂdm@L/Daﬂl ’klamras nnaamgoa)ﬂrasm bdtels 8 in Table 1 and

g BTG Rt U HIEE T he oMbt ofYirbcihoBBEh el o
co???r????% gc;ﬁt?d}?ﬁ%ﬁ&%orﬁé’@ ik aed &r%&g@@@ﬂ‘ﬁb&s@me formation. Samples
separated (washed) using gel-filtration columns tend to have better L/D than ones washed
by diafiltration. This may have to do with the different degree of stress liposomes
experience, or simply samples separated on the gel filtration column contained a fraction of

liposomes with better L/D which does not represent the whole population.
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“VOL size” is the volume weighted particle size.

Table 3. Processing conditions for batches 1-18.*

-24 -

Mixing | Mixer NaCl added Washing conditions
tub "
Batch 1€ | position | gtock | Volume Timing to | NaCl
1st wash
cm cm % parts infusion %
1-5 10 0 VAR VAR before 1.5 (Seph column)




10

15

descri bed above,

as a streaminto a bulk of antiinfective sol ution.

weauoroisi4ngl vy,

lipidto drug ratios and hi gher encapsul ation

where the lipid solution is infused

this infusion nethod results i NnPCOMSL006/027859

Impaa i . Y i b - -
glpi H?Egc ar a“r:t gcsEZhd as fblig&lu: bt @28 yzgur », diafiliration
antjinfgctive cpncentrgtion, |and saly additioh afte
“nflsiof stih. B 13 EAfebd dff 1180 r ht SENtRd i didal | (Seph column)
flow ratjes were|variedjwhile |[keepi ng|the tot fl ow _ .
rat® at [80010hi/ hi n.5 To|dol®o,| t W80separdaridgpufpd-Snel e diafiltration
used set] at different punping rates.|The m xe . .
soltions were | nfdsed|fol01q s 15Ato| alubeaker 1.5 diafiltration
cont ai nijng NaCl | sol uti ¢n suchf that the final |NaC
cordentatilih was B 5%ant0tHe flodal | etshaftel 1.5 2x dilution
concentrnation df d not gxceed|30% Affer mxing, a 1pL
al ilquot fwasl(run| t haugh|a BepHades0G §Imaehfidri :tn_agl DN 2x dilution
colum to separpte fre¢ am kgcin from encapsul at ed.
1m;2f:racti glra)dy\/it t? i gheslledﬁ{SId t1fxo(d3t2@:’hrafﬁ@ b?{.s | 2xdilution
visual turbiditly) was ¢ol | ectled for further gnalysik.
Thasresyltoar el prosenf cfigon \Takg 1) 4poieast NP 2x aituion

i pi d/ arfi kacin flow _
conatend LR urk Ll 300150 s M b TELTET 15 | aiion
PrE. “hilone 1 pi 1 o riated gd08 bptlorifishijabrn [ tafiltation
wad5adadd. Fabl o] 1R { botl b |f| Gt af eSUBRE arf ki n| - diatitation
encapsullatign. *| *Li pi dfand_ar kaci n pol ut.i ony were _ ,
keg? at 408" An k;$8n t dek dol 489 on| wakriBg g/ kS diafiltration
NaCl 10% sol utipn was f@dded Hefore ipfusion tjo obtajn ]
findl 1{5%0%0 nflusi @ t{|mel-had séBOat| 1@usng M|xi h§ t pbeliafiltration
10 cm G-elenent in-lime nixdr _positloned at |10 cm

*Igpidomd amvikadin sdietidris predé¢ mfised @t ratds| 300/50amels/mif f@B0/s56Lamples 6 -

i LLAi n_sho t est.L/D and part] cl | ze,
kg0 s Qe R 1o AaBt el 5o setion (RaChirayyier pgadded (e
parfs reiagvele00edrts emiGeintyohgse) | ow rates for all further
experinments. In order to reproduce the results at
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diafiltration wWas prepared as presented in Table 2.

NaCl y | ] rior. t

U o T ko PR RS ol i b PP Bl Bl defvac
sobwropaaddetl weos [esH Wakmgtthefinal concentration 1.0 %. Solution was added again

before infusion was initiated because with the short infusion time it was difficult to make

the addition during infusion. Also, during infusion the in-line mixer shifted to the end of
the mixing tube under the pressure of the flow. The position of the mixer was 5 cm from
the front end of the tube instead of 0 cm for batch 3. This may be important, as the L/D
ratio obtained at the same temperature 40/40°C condition in batch 20 was 0.55, almost half
of that in batch 3. On comparing amikacin encapsulation at different infusion temperatures,
one can see that, surprisingly, lower temperatures gave better L/D. Of the temperatures
tested, lipid/amikacin temperatures 30/30°C and 50/RT gave similar L/D ratios of 0.32 and
0.37. Again, as in batches 1-5, the numbers from these washed samples by gel-filtration
were low, perhaps less than that if the batches had been washed by diafiltration.
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limited solubility at this concentration (see Figure 9).

l)

If one starts with 50 mg/mL amikacin stock, then after mixing with the lipid
solution there will be more than 30 mg/mL total amikacin where at least half (15 mg/mL) is
free amikacin, assuming 50% encapsulation efficiency. This is higher than the solubility
limit at 34% ethanol. One possible solution to this problem is to add more water to the
vessel with the lipid/amikacin mixture, thus reducing both ethanol and amikacin

concentration. For example, adding 200 parts of water (or NaCl solution) to 800 parts of
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Table 5. Role of aqueous volume and NaCl concentration added to the lipid/amikacin

mixture to adjust ethanol concentration. Not all the variables shown; see Tables 2 and 3.

AMK NaCl added AMK Size

Batch stock Stock | Volume | Timing to total | 1/D | vOL

mg/mL % parts infusion | mg/mL nm
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cofifentration reaches higher levels, so the current 50 mg/mL amikacin may not be the

optimal concentration.

Table 6 summarizes the effect of using various amikacin stock concentrations. 40
mg/mL delivered comparable or better L/D values, and even improved amikacin recovery.
Using less amikacin relative to a constant amount of lipid, and providing a similar L/D,
resulted in a higher percent encapsulation (batch 12). Further decrease of amikacin stock
concentration to 30 mg/mL resulted in a slightly increased L/D, although recovery was still

impressive (batch 13).
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liposomes in a size dependent manner where larger liposomes (> 0.5 um) suffer greater

release and 2) the smaller droplet sizes necessary for good lung deposition are themselves

less than about ~3 um. So for inhalation, it is desirable to keep the liposome size as small

as possible to avoid too much release. Currently, the mean diameter for the liposomes

disclosed herein is less than about 0.4um (see Table 4).

Another approach to decrease L/D is to use negatively charged lipids. The

aminoglycosides listed above are highly positively charged with 4 to 5 amines per
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about 1:1 :1 to about 1:1, about ess

clgrggl).1 or Iess, or about O. 5.1 or less. Further the
percentage of free antiinfective, present after the

pr odadproesets desczibdd herincap e tagilyl aopted fatlhgs ,scellé, aseptic :

f
B GRE ne ra TR o B e btifing e id composicon
cdnRéddtion Usk cii SRASAS F%@ﬁlr%%&?ﬁﬁéfgl@rmnas aer ugi nosa,
t he | eadi ngQ cause of chronic illness in cystic

f i br 5 dpig e fewstratio using thg ppeossses af thempresentinvertion is about 4:1 to
about 1:1. In another embodiment, the lipid to drug ratio is about 3:1 to about 1:1, 2:1 to

about 1:1, about 1:1 or less, about 0.75:1 or less, or about 0.5:1 or less. Further the
percentage of fiee antiinfective, present after the product is dialyzed for a particular
duration, is decreased.

8. Results

8.1. Biofilm Barriers of Pulmonary Infections

An obstacle to treating infeg:tious diseases such as Pseudomonas aeruginosa, the
leading cause of chronic illness in cystic fibrosis patients is drug penetration within the
sputum/biofilm barrier on epithelial cells (Figure 1). In Figure 1, the donut shapes
represent a liposomal antiinfective formulation, the "+" symbol represents free

antiinfective, the "-" symbol mucin, alginate and DNA, and the solid bar symbol represents
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sputum biofil mbarrier on epithelial cells (Figure 1).

In Figure 1, the donut shapes represent a |iposonal
wanvizinfact i ve formul ati on, the "+" synbol repPesRISL®6/027859

free antiinfective, the "-" synbol nucin, alginate and
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Figure 2. In this study rats were given tobranycin via

cleasbyrsgen mclhignte Zana thiaswdy siowsreagivgmiobranyicinovia infragractzsaband

: ol i POS | fornulations of .am kacin o
it hofs Afyllohaol, PR7ANMsrs ST A RhI RGP SRR af amikcin
inshieawhtdibt atitlie sagneaftlsy (rinighat).nEheé d#0skdR that RigHMIREiBNhOTiposomal
am kacin_that a sustained rel ease and depot effect is
forpylationeef smikacin thas 2 spgned refeass anfbdspabeifeshisachieped diehct, 24
N o . et | ;

B SRR L 1B AP oAU (AR Bl BYfRa lovels of the
drhg imithe aninol's lumgycehibobatle tibrapnyslire fdrenddtions mvested hégligible levels,
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. fornmul ations supports the idea of a sustained rel ease
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. sj: N fi d .
s@i&%ﬁngly ‘T%gtrork% g@g%@%%%@g& ?\%%‘cﬁréﬁﬁé %gﬁﬁlﬁat? N a(t)c\ﬁoeramycm

inhalation solution made by the Chiron Corporation, Ameryville, CA).

Moreover, the presence of a sputum/biofilm prevents the penetration of the free
aminoglycosides due to binding of the antiinfectives to its surface (Figure 1). Therefore,
doses in excess of 1,000 gm of tobramycin/gram of lung tissue are needed to show a
therapeutic effect in CF patients. This is overcome with liposomal formulations of
amikacin. Thus, the therapeutic level of drug is maintained for a longer period of time in
the liposomal formulations of amikacin compared to free tobramycin. This facilitation of

binding and penetration could also be a means by which liposomal formulations of
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Table 7. Results showing that liposomal formulations of amikacin retain biological activity

over a prolonged period of time.

time amikacin in BAL amikacin in filtrate MIC
(hours) (ng/mL) (ug/mL) (ng/mL)
2 160 119 1.9
24 73 32 4.0
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""" 1e] Pseudononas over
R R SRR L ™ Tabre 5. i
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formul atijon t echnohq@yathecadse: 3« 11 posonal

formul atijons exhibit a slow rel ease of antiinfective

wth an enhanced |1 [3n [6h |24 Amikacin conc.
(ug/mL)

Lip-An-15 | Sputum 81 15 22 <1 8

Lip-An-15 | Alginate 100 59 1 <1 10

Classical kill curves are not applicable for liposomal antiinfective formulation technology
because the liposomal formulations exhibit a slow release of antiinfective with an enhanced

antiinfective effect. The liposomal formulation protects the amikacin from the sputum
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at 1 | d”_hi gher - dosa In Figure 3, Lip-An-14

liphbPanEpRiti I DOPCA ARG ansredu@)onan diFIbleNgl/s and ammuenat

?%xlﬁgﬂi? itll%aﬁi %&1@%{1 %x(%?eﬁébﬁg% r%at 1§Of8fg;mgt}jeé dosages. In Figure
3, Lip-An-14 is DPPC/Chol/DOPC/DOPG (42:45:4:9) and 10 mg/mL amikacin, Lip-An-15
is DDPC/Chol (1:1) also at 10 mg/mL. All lipid-lipid and lipid-drug ratios herein are
weight to weight.

The next experiment (Figure 4) was designed to demonstrate the slow release and
sustained antiinfective capabilities of liposomal amikacin formulations. The dosing was
every other day for 14 days, as opposed to every day for seven days as in the previous
experiments. Results indicate that liposomal amikacin in the two formulations (differing in

lipid composition) had a 10 to 100 times more potent (greater ability to reduce CFU levels)
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Iip- - BB ENG ARl active for botdis 9.1
Lip-An-15 (1 mg/rat) 21.5 18.4

Free amikacin (10 mg/rat) nd 2.0

Free tobramycin (10 mg/rat) nd 1.4

Drug weights are for the drug normalized to the absence of any salt form.
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I ne

antinfeaive ih diel 1ot fod Lipbéoned] raﬁﬁlhe&ﬁi fohhi[])aﬁdﬁbﬁh@hﬁﬁﬂe@féd @4t s@pports the
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(IJBE?% 1S5BliqT G P ForioPTagSEHRN LRgoHE ik Selopapcameat
hOadinki Rtk QD BIDEH B offee BH 1roborR B @%%&%& demonstrated
Wr esi dence tine a%d eaccurruli?pa?t cl) on%\@1 fective g IS emons e
inghat in comparison to free tobramycin given IT, a greater than a hundred fold increase in
drug for liposomal amikacin still remains in the infected lungs twenty-four hours following
administration. Thus, the therapeutic level of drug is maintained for a longer period of time

in the liposomal formulations compared to free tobramycin.

Figure 7 shows remarkable residence time and accumulation of effective amounts of
antiinfective in the lungs, a result that establishes that relatively infrequent dosings can be
used. Each dose is 4 hr. by inhalation (in rat, 3 rats per group, as above) of nebulized
liposomal amikacin formulations (DPPC/Chol., 1:1) at 15 mg/mL amikacin. Dosing was at

either day one; day one, three and five; or day one, two, three, four and five. Rats
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cafl D G AL HEARRER o PR TEA] LA PR TIORET- i EcysIfs, erthyromycin or
an‘ﬂﬁ&ﬁﬁ eLidosbSaliiSS apk L8 ﬁﬁnuﬂ;tisns%%raééﬁ @Rfhpdi ug can

be an al'ready approved pharmaceuti cal |k
fl
DAL oSS MBS BN gt 5L e

cipleflek ape edminmstacd intrdfrachiclll s argofigocipic florscim adrhinissdred elly, with
of | oxaci n

b BB L e 5L B OMSIEE Ly v 5
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he sane dose (Figure 6 e for each nouse was
(O3, aig/mgmintiprotioiprein, wlc‘éaepfemmgatwwrocﬂ_qudg@mﬂhe Example. The

i Y S RERER I RS 0 i SRETEPROR LR PRI holindad as
ciproflbke i XipoRdeal cliféfloxacin was present in the mice lungs at amounts over two
orders of magnitude higher than free ciprofloxacin. Moreover, only liposomal
ciprofloxacin showed levels of drug in the lung after 24 hours, while the orally
administered drug was undetectable in less than two hours. This data supports the use of

liposomal ciprofloxacin formulations and other antiinfectives like aminoglycosides,

tetracyclines and macrolides for the treatment and for the prophylactic prevention of

intracellular diseases used by bioterrorists.
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**Only|the entr appedgfdunt f}&in onsi dePéadneter
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i s4gener al Py expr esse‘l@ﬁ n the urﬁSth of |mit4ébs/ m1ro| e.0.34
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drag/T] pi dz(}‘gltl 0 that400ﬁn be praguced Was mppe than og
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*RRRG/&hplsdterad lipasomeFaiiese the BEREWEhoheoleestid issippoxinately 1:1,

*"%nl{/ file%h rappe'ﬁpamount of amikacin was considered in calculating L/D.

Further information on forming liposomal antiinfective formulations can be found in
PCT/US03/06847, filed March 5, 2003, which is incorporated herein by reference in its

entirety.

Entrapped volume is a basic characteristic of a liposomal formulation and is
determined as the volume of intraliposomal aqueous phase per unit of lipid. It is generally
expressed in the units of pliters/umole. One often assumes that when liposomes are formed
the concentration of the solute inside liposomes is equal to that outside in the bulk solution.
A higher entrapped volume then would lead to higher drug/lipid ratio, i.e., a higher overall

drug concentration for the final formulation.
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Concentrations of amikacin were measured by immuno-fluorescent assay using

INNOFLUO Seradyn reagent set on TDx analyzer. Lipids were measured by reverse-phase
HPLC using C-8 column and Light scattering detector.

Liposomal volume (volume occupied by liposomes per unit of total volume) in
samples # 1 -3 was determined by measuring the concentration of the fluorescent probe
(Sulforhodamine 101 or Carboxyfluorescein) in the total volume and in the filtrate volume
of the formulation obtained by centrifugation in CentriSart filtering device. Probe
concentration in the filtrate is higher that the average one due to exclusion of the probe

from the volume occupied by liposomes.

In sample #4, liposomal volume was determined by measuring the concentration of

Potassium ion in a sample after adding fixed amount of it, 250 ul of KCl (V,q4q) into 10 mL
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herein provides unexpectedly high entrapment of gentamicin. In both samples #5 and #6,

the actual Lipid/Drug ratios were almost twice the theoretically expected value.

Table 12. Gentamicin loading into liposomes prepared by different methods.

Sample #
Measured Parameter
5 6
Lipids concentration (mg/mL) 44.8 41.8
Drug concentration (mg/mL) 14.2 14.9

-40 -



10

15

20

25

Supernatants from each sanple were used for anal ysis.
Over the period of 48 hours, (80- 90% of the am kacin
woaso7roeidased in a time-dependent manner from POg/US2@LA27859
conposi ti on under these conditions, indicating that
\.uu el-pase-rpy—ecctr—at—the \‘*"" efHinfection in
éﬂ’@@ﬂjg (‘P{é@ease of| f d 3fgr om | i posones in

vivo.vwas conpar ed _for ra_t_s__t_h_aj___h_a_d_b,esn instill ed
Batreppedgmlurbe Ademednt ai i ng-P. aer 8¢l noba (3. 5xI O 4
CEU/rat) versus those tihat hadinot. Thfee days after
Hxpeded hiptid/Dinag (vomw) ratg wer® all oded tp i nhal e

| i posomal am kacin forrul ati ong of the|present

Bxp¥&ed | AsubE® @Ko 6 ny/ kgsgdai ly foge)|every day (no
bacteria group) or everly other|day for|14 days (group

| beads). |24 s yIRF [ he |ast
Lléb%gftnlrc}esﬁ% (W%Tﬁg t ot al am' ka% 1n?%3;%ee am kaci n were

reastred—as—described—above—th—ratsthat had recei ved
bacteria, an average of approximately 50-70% of the

detected a h freef rm.i.e. rel eased
fr o EHR ‘ Sl ¢ 41y Hot recei ved

bacteri a apprOX| matel 20- 25%of the drug was in free
f or nRelgase o6 dggtin agta?tb\f?gfpvn g adginifyhef the &f@cd@@s iranfipgpertant
e
oo S B 2e Lot o kPR R S R R ntlcl The pptentil
for sichdasgetad delaast masttc;stada;@/ mpexriforimgehl rehwies oftdmg uporomsubation with
ar tq_t hay macoki netics.in the | e
sPRUD BB OF SO SharoRB e ERE TP B O GROrERR R & aeriginosa, as
wéll fahedctntyt gﬁlhﬁ‘iﬁ;uﬁﬁﬁls ef Pf addubm¥sdours. Free
am kacin or a |['iposomal am kacin fornul ati on was
| ncufitefaW dinRia e by S8R $RubAEn dralQuihPddf P, heRlghldsh Sith a
0.5 niL Slide-ALyzer cartridges at varying drug
lippevroalramikadio rﬁmnu{lfertwe of lthnag)r@heat meﬂlwasqfre\tltmly discussed. To
rt.ri dge nt tinme sq haur nde
iy e By bobieRn & bofygal il s Kiinblah S ingpated with
a prepafrtiditospttui He@S ARE: AbdkRPatiént FEEASR rc@r@%bsahﬂfe&m
prelimnary experinments free am kacin only slightly

Expestqeades nop@s dfuefirdyathshayinecldNasgl and adginate lsraé@ for 2 b at 37
C]r. .%j E’(ﬁggéo‘?ﬁhl %Imlgéhlf’fom?laﬁﬁﬁ §F Q’o‘flgolé Ql.rnkk%@nl@ %ﬂmﬁ%%fcéﬁ@%as mixed
i'pi d conpositions a acin C ration
1:(:50ithrtiquwdfled sfﬁhtﬁﬁﬁmd:ahﬁolmg glﬁsbaﬂeﬁ at 3N kathi genils shakihge dliquots
rele sed active formj &g ;% esence of bac{erla
WehR an% tJPﬁ AMigAGH GoBFRY o Py Qi M?iﬁfabr Intach{ipesqmes were
1ySRKRS sBRfrSe %Il&@&to'f ¥eehUaRpR usifdes q entTh% Trithf &kafid, On
of IR %% E

the 11 posormal am kacin for at e present
Supawnetanisomomieath sample were used for analysis. Over the penod of 48 hours, (80-

90%) of the amikacin was released in a time-dependent manner from the lipid composition
under these conditions, indicating that drug release may occur at the sites of infection in the

CF lung.

Release of free drug from liposomes in vivo was compared for rats that had been
instilled with agar beads containing P. aeruginosa (3.5x10% CFU/rat) versus those that had
not. Three days after bead instillation, rats were allowed to inhale liposomal amikacin
formulations of the present invention (approx. 6 mg/kg daily dose) every day (no bacteria
group) or every other day for 14 days (group instilled with beads). 24 hours after the last

treatment, the total amikacin and free amikacin were measured as described above. In rats
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P tagenggiosq op Ha VirsiRreedpctorstipadsde rlease ppamikaeinmesgrblyefirscting release
t0GRY §iRIretke®YorC B hEA &Hﬂﬁ&:nqg‘rel&a?%ggsd%ﬁog a%éﬂﬁf ?S?gi?%fr}zosa, and

mediumw th and w thout |1 popo ar i
the ﬁomreleﬁmnshm@pmw@lﬁ tls Halc‘omat heg baveudnt advesageser the non-specific

S e e

.' ¢ ' S 4 '. 4 Y] L ¢l
M(z@rgéh 2 (109)/rrL) I nhal at| on of the I posomal

amkacin fornul ati on, enpty |iposones, soluble
The liposomal amikacin formulations of the present invention are in one

embodiment a nanoscale (200-300 nm) liposome-encapsulated form of amikacin that is
formulated to treat chronic P. aeruginosa infections in cystic fibrosis patients. It is
designed for inhalation with sustained release of amikacin in the lung. Because alveolar
macrophages are known to avidly take up particles in this size range, the effect of the
liposomal formulations on these cells is of particular interest. The basal and stimulated
functions of rat alveolar macrophages obtained by lavage were studied with and without

administration of liposomal amikacin formulations and compared to various controls.
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am kacin, or saline for 14 consecutive days did not

produce a significant acute or del ayed inflamatory
woesponsdoi n the lungs of rats as evident by | e¢elus2w5/027859

nitric oxide (nitrates) and TNF-a in BALF which were

i nsi n|f|ca different fromcontrols,
t hor &5aS ahefppip i BRies Rra e R e PeRlgreo liposomes and
saﬁLé vaFOUR SraleRGRIVA m@aﬁh@me%uhka%aﬁug q}éfﬁ‘:]b@i(?s female rats in
cel nifica

e to recovery o S was Insig
a ubskfoatyemhalatom¢iandpen uhnhawlbmtImmpgavdspondwtmﬂ foo’dvar tbr 14

coREReBI Y (% FRALIER TS Coherei A1 G0 A UALBK Kexppproximately

msagn@lfmf {48 Gibb NSal atIekireBaS ME1 § ABForRE ?ymb&) Bhosole group.
above test articles despite the fact that

Halp feanis dvese bethapecedon ddayl 519 he nergriomgsats mised ¢utlgpnized on day 43.

B@&ﬁ&&fﬂ%@%% gf ARG B ol EEiere Rl fud Moped at -s0°C for

BB uehin a@ﬁhydﬂmtﬂé oRIde 4 @prebdifedhdYal WRFa€es) and tumor necrosis factor
|n3|8%f|cantl different fromcontrols. he

alpleec(Idpheny e“s“heL esdlp diotieidie ok lnaivere aableeted by pentafugation; comged and
oGS i R ARk oo SRS el T B D K24 e i€ Supernatants

fr&ﬂ‘l@l‘i@e Hﬂmema&ebauaitapbm&tmgmwn AAAGNER €3 nitric oxide and TNF-
functions, as shown KTeI denti cal %ake of fl uorescent

a. b@h@lnh&g@ﬁﬁm fsgctian afitAle smastbpbages r(ﬁlos)/mLhWa$ tested iy geasuring the
oV g BERED Oe%?e&eiﬁllugaﬁ%?{ﬁ”g?%é' S0P a2 3L Ve

S‘L!%@@a%%éﬁg R R 4 N SR

andibcia g sh@iHor PPsaEeSutiRRIagoSiaddt flodadtya 6 OMAOSItab@BSr delayed
of the present invention wll vary depending on the

inggrrpatny leSﬁ@l@ea\maﬂeﬂw akeaty g cadent by 1gygtsi admitricopide (nitrates) and

er | he dis a0 b re
TP AR IR b bl P PR ok o SRS Rhere was an
cadlly ticR@ t@wdal @Cghepﬂm@%lﬁ {r0d1l grbiys REeiting nﬁialIHn@é? including controls.
formul ati ons maé be adm nistered in a single dose or

Thqqtotnl Acaedy @6sds. Wandnagascaly dlﬁ@reefdﬁﬁagr@up@ reitlogn easly trend
oBSERIPE JSDATIAA AR B 50 M RO, Bt e

mﬁc&ug’(atgehhﬂ(hldﬂma] functéors aifter eqiasxdb e thieierobbie ofl irapevofest articles

ounds, wi | | en belntherane
deépﬁ %88% glaéﬁqeggp]ee@ edhlaree OI@ EtyeH %gg né 1lposgomes The
AB&HatibAS A HirkiB Get Lt fitcuds

Coper 1 1, nd nor se%%@ﬂ??? c%%f ed’i‘% t‘he %%Eéféalg%b‘?%lbrg%ﬂp}ﬁges -

madiGmrog dag 2oy obthermndyewerk g;ns1gn1ﬁcantly different from controls. The

macrophages responded normally when stimulated by LPS, producing substantial

concentrations of nitric oxide (20-40 nmol/10° cells) and TNF-o (5-20 ng/ 10° cells). These

macrophages also had normal phagocytic functions, as shown by identical uptake of

fluorescent beads compared to untreated controls.

Inhalation of the liposomal amikacin formulations for 14 consecutive days did not
substantially affect the function of alveolar macrophages in terms of phagocytosis of

opsonized beads, production of inflammatory mediators TNF" and NO.
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An effective dose or anount, and any possible affects
on the timng of adm nistration of the fornulation,
woayoreedot o be identified for any particul ar PCT/US2006/027859
conposition of the present/invention. This may be
gaécogggished by routine experiment as described
using one or nore groups of anlnals
pre s per grou n _human

é | east 5 .ani nigi1 L [
tria lge ¢sa %@ﬁ%ﬁpa’&)eSIflmo ¢ weepeny dealorbwilbygyy depending on the
syBMRbRS, ta ok AHP 9§d}1 W&thadfqh@ﬂtﬁﬁg tﬁg natir® %h@?éuerlﬂf of the disorder to be

prevention may be assessed by adm nistering t
trmmaquemdaﬁm rags e§ simigistatorfané the fmwlithe sub3ect composition.

tr.at measur. one, or re cabl )
AR S B, B iR A e Bt iyl s GE 01 Gviced doses.
Db&gseior agh db@ﬁspotsi@lohmf thapreeent Ahvenfien ﬁﬁ%e Iy éuau? Qléteﬁhin%ﬂ by
to treat nent. ﬁprec:lsetlrre of administrati on and

tealraiis l@pwarﬁq/tlpm@ skill arthe arjor et tavghtpessini on that wil |
yield the nost effective treatment in a given patient
wi ll Ind?@ptemcbnm@dnn@m@ tiecdasege of thp hizbjerh cokporeids w51l gamlally be in

bi_oavai.l C oSi ti
g RSB BB s B BT OB G SERY Pt Boseifily g theganee of
abd@K] ngd it game 011 Ydser RECanStrage, spélﬁﬂ@ll@' in BA¥ShERf about 100 ng to about
condi tjon, responsiveness to a given dosage and type

SQmepstksat | on), route of administration, and the I|iKke.
The gui delines presented herein may be used to
opt | wﬁ_feqth@ doseertavenmf, aad gny pd@ﬁéﬂr afifevitsen thhéindpg pfrum

f ad .
a&ﬁlﬁgtrgtgg{n %fr t},lr%?q Lagﬁn %%Xmlil%eg 5?8 éciepﬁgﬁq\'g{riagﬁpamcular composition

oftheiesdrit figyeafioOTHiE afaly Y atdiensishEEB} roakfite adierisidnt g dderibed
dosage and/or timng. Wile the subject is being

her IR 4{SEE OREHE IR BENDY T %@aba{pwe&f@blbfﬁyle% Srepinals perietoyp), or in
huFBRSHETs qga}%ﬁlﬁal%e. e ffét:u%h%% a?légﬁﬁ&eﬁ[&g%@ﬁﬁggﬁ and methqd of

predeterm times during t
trehtreattve pteventiol mey bgassesspdby hdministainpitht sompasitich @id assessing
rmul ati.on

at df b f1
o R B AR D SR o
cobdfakiap Tthe']ﬁ)\ét-’@@atﬁl%ﬁﬂ RHigal 'tﬁésé RS HAhS QfaltuQs SEehe sahORdices prior

the extent of inprovenent by measuring the sane

topegptaRt.ers. Adj ustnents to the amount (s) of subject
conmposition adnm nistered and possibly to the tine of
adm Tiiesnrccasd one phydrbigistratien babavown of iesEarticular subj ect composition

ree: tlons be.initjated w th snal
gl R TSP e P 5B priidh ot dep e e U activiey,
Iﬁﬁﬁﬁ&)ﬂtﬁﬁtms—r Aed BRbYBTabili6f zﬂgﬁo?é]:@ cdiiﬁgfosﬁ’ﬁ‘ori Bﬁﬁs@(ﬁ§§i@!albﬁ6ndltlon of
small increments until the o herapeutlc effe
thfp patignt Gnelading age, sex, disease type and stage, general physical condltlon
responsiveness to a given dosage and type of medication), route of administration, and the
like. The guidelines presented herein may be used to optimize the treatment, e.g.,
determining the optimum time and/or amount of administration, which will require no more

than routine experimentation consisting of monitoring the subject and adjusting the dosage

and/or timing,.

While the subject is being treated, the health of the patient may be monitored by
measuring one or more of the relevant indices at predetermined times during the treatment

period. Treatment, including composition, amounts, times of administration and
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The use of the subject conpositions may reduce the

requi red dosage for any individual agent contained in
woOheo7mem@osi tions (e.g., the antiinfective) beeauas2dhe27859

onset and duration of effect of the different agents

o050 R TP b BT e b U e SERBBH g gt
iy B8 e 64 pAI B B R TRl deRrAGRANE @&eﬁtrbf%biovela&hﬁﬂi{y%ﬁé%a%gﬁng the

experimental animals, e.g., for determning the 5C
S3RePITpBetersT Hedjudmanis e Hienawuni(mishliegeompositipadministered and

| leptranisin | sbinpositiounds
e R L R i e S

subj ect . conposi.ti.on. |i.es preferably within rapge_of .

ol r 6B R et P aEEaE Srsabrs bich e TetsB e pptimum
dbdetdf i mpdAnd OXhéreifVer, thDBohas aGS bEBNcr¥ALY bWMstnil ndr&thénts until

range dependi ng upon the dosage form enpl oyed and the
ﬂWdWSER@¥ﬂ@HWm¢ﬂ%ﬁ<ﬁt$@ﬁﬂM@¢lized. For conpositions of

the present invention, the therapeutically effective

doseThaysesd testubiest eanpositicnaay rédusmticeteuiced dasage for any

SO PhoF e LSS e o

alDdieit o FREr & thd d@ferdnt REHAIBBY bd BénpRhBAESL | On My
contain lipid excipients to formthe |iposones, and

sal t sk gﬂcﬁthtel%p BURVArHSacl B8 sRt E%bééiﬁ%m B a&%ﬂgined by

and pH The fornulation nmay conprise a p eut |
standarppleanmacenitiealhegedurse in ¢adbdultyrasiopiesparimenyal beinaals, e.g., for

d%t&%{“@galge: ]Iﬁﬁg)ne}ndtﬁé)ﬁﬁem or encapsul ating material,

nvo arryi ng or transporting any subject

co i tion or opent thereof from one organ, or i
por ¢ TBH 4T Sp fiee B e UERE FoBr AR “nuRal SOREFgRGpe used in
forielabngy rarfoR O A6k BbraRt iMhEharke The GeeeARhAY sitfect B«_?m%osition

.sense of being conpatible with the subject conpdsition

liggrpaeferab i withiarieiarge efrircaleting ppneentvations that fnslysiattheRDso with little
it a I DI [ r.ehal ose, raffino

ord CRRLF. THEUREEkRy R W 8 PR R e DR TS g orm

eropibped ahel. thExanmpd Mlmﬁisﬁﬁﬂitﬁf ut?izbd.abd)rﬁzoﬁitﬁ)d kﬁFﬁ@bﬁthe plgeggnt

. 1nclud 1) sugars, such as |actose, and glucose;

ml¥?f5‘r°8h§§ &h%meﬁ%‘é@lycfé?%t%? dasgmayrhe sstmated initially: from cell culture

askakcel lul ose, and its derivatives, such as sodium

car boxynet hyl cellul ose, ethyl cellul ose and cel |l ul ose
LT Euq7) ToIC (5) excipients, such as cocba

oi' VBl 13RS A RABRABL RinhuliS561 the breBlat Ty RHE 35 BEBAE an
aqueous dispersion of liposomes. The formulation may contain lipid excipients to form the
liposomes, and salts/buffers to provide the appropriate osmolarity and pH. The formulation
may comprise a pharmaceutical excipient. The pharmaceutical excipient may be a liquid,
diluent, solvent or encapsulating material, involved in carrying or transporting any subject
composition or component thereof from one organ, or portion of the body, to another organ,
or portion of the body. Each excipient must be “acceptable” in the sense of being
compatible with the subject composition and its components and not injurious to the
patient. Suitable excipients include trehalose, raffinose, mannitol, sucrose, leucine,
trileucine, and calcium chloride. Examples of other suitable excipients include (1) sugars,

such as lactose, and glucose; (2) starches, such as corn starch and potato starch; (3)
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safflower oil, sesane oil, olive oil, comoil and

soybean oil; (10) glycols, such as propyl ene glycol; (
wayormeigol s, such as glycerin, sorbitol, and PCT/US2006/027859

pol yet hyl ene glycol; (12) esters, such as ethyl ol eate

oBiflof! B ird Al s &éﬁas b bty P B Reitulose and

as nmagnesi um hydroxi de an

célllﬁbse&icgﬂafet ¢4) @Owdel eG 11&221@)&‘1@ gﬁﬁn:ﬂf €6 gmautmr (7)(t§-13) %8) excipients,

ot oni ¢ sal i ne; ger's sol ution; %p
S'éq%c%wepoa Juisy al%%’é’ﬁﬁ%ﬁoéy W@rwe (9) odls ucky ﬁ%peaaﬁ M{tonseed oil,
sé’l‘ﬂtl%r 59Nl cﬁ% CAUPEH! Rlfoft H@Eé%ﬁiﬁfm L ) o%ﬁ%xé 'gu(fh as propylene

p armaceut | cal ormul ations.

giileel; Kbll)lpoi/yoittg such aa giieterin] sechbithé smdipptyietirylane giyvel; (12) esters, such as

ST 8l RE 0 B tiies (0 Pt (PR PRTRARE Sibbiso hchao Tpepgpin

?WoWde lah@ hﬂlnﬁﬁ’tﬁﬁ Q?&lto'xﬁfé (1@?5@@ chdd ((1 6& ﬁ@é&l fr@é JN%]' 17

ntial [Lip I ntial acin sulfate
iwomie %ﬂlmﬂ &) ialgens s;dutmn V) etheyl alcg_]gﬂ, @0) pf)osphate buffer solutions;

R BF285. 0 R R B S sr fpica comutions
ethanol in a 50 C water 2? Tﬂﬁ 5. 95¢ anlkaC|n sul fate

was di ssol ved directly i @”HW PBS buffer. The

solution is then titrated with | ON NaOH or KOH to

bring the pH to approxi mat Exkymplesl 352 5 ni

ethanol/llpld was added or infused to the 1147.5 nL

am ka&f flioufngis atdﬁtegiedéie%prm@papf ihgmaanfagsire af 1 ¥ mi o

E;p f-mgl/ pqg%/ rhf was punped @-30 nUnmn (al so
usi

on ra e with a peristaltic punp into the

T@Fﬁhﬁﬁ_qlﬁgﬁ%gi ol uti on which was being rapidly

stirred a |n a reaction vessel on a stir
ate.at r o ature The product was stirred at
?f(t: _&}Qui(ygf{?/g, 20-30 minutes. Il1) Diafiltration
Washi.n ep; Th xi ng vessel was hooked up to a
LHE?F?FQPPP%I&ﬁﬁﬁgggﬁfﬁﬂLFPkﬂﬁﬁf)on cartridge. The
diafiltration cartridge is a hollow nenbrane fi ber
Infjal Higidhs) /domearl wei ght cut-of f of 500

Intial [amikacin sulfate] = 57.3 mg/mL
Final product Volume = 150 mL
I) Compounding and Infusion:

7.47g DPPC and 3.93g Cholesterol were dissolved directly in 352.5 mL ethanol in a 50 C
water bath. 85.95g amikacin sulfate was dissolved directly in 1147.5 mL PBS buffer. The
solution is then titrated with ION NaOH or KOH to bring the pH to approximately 6.8.

352.5 mL ethanol/lipid was added or infused to the 1147.5 mL amikacin/buffer to
give a total intial volume of 1.5 L. The ethanol/lipid was pumped @ -30 mUmin (also
called infusion rate) with a peristaltic pump into the amikacin/buffer solution which was

being rapidly stirred at 150 RPM in a reaction vessel on a stir plate at room temperature
The product was stirred at room temperature for 20-30 minutes.

IT) Diafiltration or "Washing" Step:
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kil odal tons. The product was punped fromthe reaction
vessel through the diafiltration cartridge and then

woaoelk/oim4o t he m xi ng vessel at room t enper at uPET/UA2006/027859
back pressure of approximately 7 psi is created

: . i h

D e SR R e SRl e e

diafiltkatiph @3%td R ib 8 AVIAY nidAebrhi PR Walh ARbleaEhwERROGHSE) of 500
behi nd. The product was washed 8 tinmes at room

klﬂ%ﬁﬁ@%ﬂ lie erodpele¥ds puBmeg dtone theweastian vessel thiqugh izt dheﬁltratlon
#g{d tﬁll meeﬁrlr)gam ) {él?nl)‘l]\i/lg %g v% at%ggléggrgg%%tﬁ%&, 2-21?3:?{ pressure of

amjrmdnmtelw Dlpkine credieé tlﬁb@gimt therart€ OF; PriclatiiRebin BXBHRAR] was

osonal ntra ment of am kacin. Four sanples
foaffea ’fﬁl;ﬂua ﬁ IMHHFV Hher v@mbé@lwdq.\/athﬁ beek mwessredpaiag g lippsomal

aﬁéfg%lg?gﬁloldhﬁ gelﬁ@&j quﬁ]Qﬁ)g%f‘l%?\%ér Oggséggr%ggﬁés§ﬂdoﬂp§eg?erature Fresh
PB.i:h’bgﬁfen \Massa,ddﬁéf\ea mlo'itﬁerlp@nmmcdmﬂm) kovthe rta&tl% vtdstleb $ompensate

sal ine solution. (0, 9% and was ad usted to 6.5
f%@‘eé’oe&Pﬁ%eheé’&%V %éﬂ toziﬁ‘?%ﬁtcg P‘ﬂuﬁ‘i ‘G’éum '98.2 g DPPC

and Chol est er ol mere dlssolved in7 liters
et ha ?Pmaﬁ“ﬁé‘?@ﬁ%‘?%ﬂé formed by infusion of lipid
solution into am kacin solution at a rate of ~ 600
mL/m n and under constant EB¥ampledg. Resul ting
suspen5|on was then washed to renpove et hanol and
Highdinasamsbentziapnaert of amynkacnaf Fotr senipdes qﬁmrdgammfecuve formulations

e T O T O

pﬂwaﬁmmmle #2. The procednre was simlar to that for
sanmple # 1 with all material quantities scal ed down
Sahfle £0] AmilAfinkanhie 151 1&5&% didsodved iMas L%%%Qhﬂe%mﬁbn%%@%
0

nL. sal i ne sol ution é NaCl ) and pH was adj usted

N%C ang PH FeRsrigiusied ée 8 Arby asddingniecossap amgupt NgOH. (ngs@ @8 2g
D@F(E %1@??.8% %e@er%&rgﬁgsgélgﬁ% 1 gtefsneﬁfﬁagﬁ );ﬁglgf)sqnﬁeés were formed

anol . 0SOnes were .
byl ihﬁjshbnsﬂlipﬁd sodutiontiototdnek aoth Kslatioh StQl rdtel 67R- G0 ALMAh&nd under
nL/m n _and under constant stirring. The

COP%%%H SPPHQ% s@%ﬁ%ﬁ&sweﬂﬁgn Pige thepagasbesl togemaypetbanad padvn-

enﬁfﬁﬂpéélrh'ilﬁﬂﬁcﬁﬁm?ﬁfaﬁﬁfﬂt%ﬁ‘%ﬂs dCGhé}fsl',)rJh FRUbQ Rtk Q8@ 500 kD

Arer sham Hol Fi ber car e suspensi on wa
PoERFiEe nTlilQaSU@pleHSwnaNafSwnmelmmedrt@a(ﬁfnahaﬂumt of ~3.5 L.

Sample #2. The procedyre was similar to that for sample #1 with all material quantities
scaled down 100 fold. Amikacin sulfate 17.2 g was dissolved in 230 mL saline solution
(0.9% NaCl) and pH was adjusted to 6.6 by adding necessary amount NaOH. Lipids —
0.982 g DPPC and 0.518 g Cholesterol were dissolved in 70 mL ethanol. Liposomes were
formed by infusion of the lipid solution into the amikacin solution at a rate of ~ 300
mlL/min and under constant stirring.  The resulting suspension was then washed to remove
ethanol and un-entrapped amikacin by diafiltration using an Amersham Hollow Fiber

cartridge. The suspension was concentrated to a final volume of ~35 mL.

Sample #3. Liposomes were made by a procedure known as SPLV. Amikacin sulfate 1.4 g
was dissolved in 20 mL saline solution (0.9% NaCl) making pH 3.3. Lipids, 0.666 g DPPC
and 0.333 g Cholesterol were dissolved in 40 mL dichloromethane. Amikacin and lipid
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Sanpl e #3. Liposones were nmade by a procedure known as

SPLV. Am kacin sulfate 1.4 g was dissolved in 20 nL
weabi7mae1mol uti on (0.9% NaCl ) meki ng pH 3. 3. Li pCtA&IS2006/027859

0.666 g DPPC and 0.333 g Chol est er ol vvere di ssolved in

scﬁQtl(qus mvgé)%g gl? @gﬁﬁ%ﬂﬁ ggggoil%r_ﬁd ?féglﬁ sgm&:a{éa to form an

erhn]s&uﬁal wlanme@ah@pbcmecftar 13 2BU C |1§)|t43/r2\p0r’:§y§t%ﬁl £4REMbREN
connected to a BUCH Rotavapor systemto renove
dighlorrrastbs 3 deve Vaquubin® Vsbeie) arBl tempbreire46)° Caarul constant rotation

uﬁtﬁ%%ﬁﬂ& - l?pgﬁ)%u?t ﬂerf‘é ng& al,arg%l r\ﬁ}é thon ge%te%th%ﬁ)@%crllapsed vacuum
way gnatimalyl mcm@:lelda@ Sﬁﬁmclva%(HgJiﬁdW&S}lngrc@ﬂtl}hﬂieh)foﬂ TCmeASARutes. The
Ci f 1{2 }—gmand dryi ng, conti nued for 30 nore
fingliyoluwae otriqemedq Hpgsops mevéwnf%&sﬂé’dnh posonal
suspensi on was 22 nlL. Sanple #4. The procedure was
Sanpherdr Thoptopedure vies siamiel o tha, fomﬁnkrdc #h Sulikariiesulfal b3 g was

\Qgﬁ\lﬁégi'tn;i?r@ln\ff f %%golgé?lﬁgllﬁégﬁaﬁﬁ IIIS ! t?)g %@}gdc&io W@H Lipids,

0 6831 gD aigl ©291 gEhelepleroMdlete dissAlMEdSiniL, dhBkomethane. The
di. chI oronet hane. The sonication step was ski pped. The

SQUaleR F1CP JAs wkiPPed- eBleowl‘teﬁbrem&Vab%?fwn the Radarapprssystem was

ce&ﬁé& bll?cqat %G’BC?% ?’Rr O&nilq;ohgm{]\;las fd vol ume was 20 ni.

osonal of Gent ani ci n.

Sanple #5. Gentam cin sulf te 2 g was dissolved in

230 m_ saline solution (0. 3’) and pH was adj gst ed
by addi ng necessary, armunt of sulfuric aci

Htg%pﬁl “yabe'éfgip HAMICIB18 ¢ Chol esterol were

d in 70 nL ethanol. Liposones were forned by
SWP 8 ﬁo cpfanicigishifeis L0 go\ﬁaﬁ "Hﬁ%’l‘@éﬁ]fl 239 eilnsating @nlumn @x9%

N&CH ah@pAfwas AR tdilh Y hss Gt 0Bl ggld Lipids —

Un- ent Fapped gentami ci i and et hanol Were renoved
0.88a¢ DPPCaariddhs Lsg Agolasterirereshiissolellin®0 Rilbethanol. Liposomes were

P 9o R PR BT e i
uﬂd@r tdistant Qrrif MOt §%pe%)§"eﬁﬁ§mm@%ﬁ§ Biflfd1RverbldnidvRd %g 0
was di ssolved in 230 niL” Na2SO4 100 nM sol uti on an

dlbﬁ-ltr\?vﬂ%n Heng e Agnarehag Bolbyw Hibgt eaytridgce Ihasyspansiomivas concentrated

el 0.982 g DPPC and 0.518 g Chol est erol
to\%/ef;%%?lgg%logeg%%L 75 nmL et hanol. Exanple

Sample #6. The procedure was similar to that for sample #5, except: Gentamicin sulfate
17.0 g was dissolved in 230 mL Na;SO4 100 mM solution and pH was adjusted to 6.5 by
adding necessary amount of HySO4. Lipids — 0.982 g DPPC and 0.518 g Cholesterol were

dissolved in 75 mL ethanol.
Example 4
Entrapment of other salt forms of amikacin.

Sample #7. The procedure was similar to that for sample #2 under Example 2. Amikacin
base 10.7 g and Citric acid 4.2 g were dissolved in 230 mL saline solution (0.9% NaCl).
pH of resulted amikacin-citrate solution was 6.2. Lipids — 0.982 g DPPC and 0.518 g
Cholesterol were dissolved in 70 mL ethanol. Liposomes were formed by infusion of lipid

solution into amikacin solution at a rate of ~ 500 mL/min and under constant stirring. Un-
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Entrapnent of other salt forns of am kacin.

Sanpl e #7.

The procedure was simlar to that for sanple #2 under
wazenTphe4@. Am kacin base 10.7 g and Citric acPdTAS206/027859
were dissolved in 230 nL saline solution (0.9% Nad ).
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am kaci n under these conditions.
am kacin were neasure w t

hEXRPlG;

Free and t ot al
Pt hout 1% Triton X-100

to
Bioavailability of amikacin from inhaled liposomal amikacin formulations in the rat.

The rate of release of amikacin from the liposomes was measured after inhalation

by rats and compared to inhaled soluble amikacin.

The test items were aerosolized via a Pari LC Star nebulizer attached to a nose-only

inhalation chamber. CD®IGS rats received an estimated lung deposited dose of 6 mg/kg of
amikacin in the form of a liposomal formulation or 5 mg/kg of soluble amikacin as a single
dose or dosed daily for 14 consecutive days. Lung or other tissue was homogenized with

a Polytron apparatus. The kinetics of clearance of amikacin from the lung was examined by
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assess | eakage of drug. Liposomal am kacin, spiked

into whol e |ung sanples, showed no significant rel ease
woho@mikaci n as a result of tissue honpgeni zat POWUSRE0K/027859

t he Pol ytron honogeni zer in the absence of this

an.ag't er g‘lf gol}onéq\%nﬁés’ gt %qgmé&g@f: galnasﬁ-tfer Ehr;h nzéélgc?see tgeatrnent or 1 day
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Xy
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anaiks@n (et detergehi) veaud t‘lnng”rqab/r avaidatdé ldvelsen hmgttiswd ung.
However, nost of the am kacin adm nistered in soluble
f or M igls totd]@an e tratidhb Mansi@yeh dephmJ 560-600 ﬂgﬂghff lung tissue) was
parent free am kacin AUC, over days.was at |east 2x

ObﬁPlaﬁ% pnipgdiatekpatier ﬂﬁs@mrkgaﬁwa%%lém od Hiskinosomplamifkagin, which

(o t
sl&*ﬁ]i?/zﬁgleeﬁgé\t}l g?a‘l‘aggt\rqﬁfg/g 5%19{"} &a At Vea "I‘r%g (tje X al&ﬂ?ﬁfé for t‘BE release of
fregpgmilpein dtoen ﬂlaieehposombsashoweﬂ(an 1mtleldngincxmcammhtiolnmf/free drug,

I f f t . fi
e R e M R
follB#wed bi1 8 Madid % Mout NEndRé ahd ABibkeGIeht inBrehderdabiigls a@haximum of

rats that received |iposomal am kacin was present as

2 b @Ifr%hquai)%ﬁe(ﬁ »ilmatierajiog5 By ef)d ofthe 7 day experinesat, a substantial

ool B B s Pl 8
ap@ﬁflrledidiaﬂ akMall pbeiva e tisd iMble fiigaiinfidsteden @?@ﬂ&&am}fn dldoaremained

osomal .am kacin forrmulations in the |ungs of
fohéiqftgtﬁf‘l 18R AEMS Toiherung t Hwewsdpestof ﬂ@mkacm administered in

soﬂ[ﬂf&fo&ﬁ%ﬁ' csf‘fa?éﬁﬁﬁﬂ s@@éalgnoﬁl?sj g{lﬁ)‘éﬁ%l Gy e%%hﬂf&? &UC over 7

tinme in ung as seen st ant epot o
ddys ®@s dt legsti2m higher fau mlgasliposomal amikacin anlmals than for those that received

soluble amikacin. Some aspects of this behavior can be qualitatively modeled with

appropriate rate constants for clearance and slow release of drug from liposomes.

After 14 consecutive days of administration (24 hours after the last dose), more than
20% of the total amikacin in the lungs of rats that received liposomal amikacin was present
as free drug (approximately 650 pg/g). The total free drug level was even greater than the

amount in rats that inhaled soluble amikacin (approx. 500 pg/g).

Free amikacin is released slowly from the liposomes of the liposomal amikacin

formulations in the lungs of healthy animals over a time scale of days. The free drug that is
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Exanpl e 6 In-Line Infusion Process The essence of the

In-Line infusion process is that a streamof |ipid
weabaroimaoi s m xed with a stream of antii nfect PE®US2006/027859

solution "in-line" via, for exanple, a Y-connector

ich connects to a l.ength. of. tubjng, terned a, m xi
ref s & n R B B R dinfein BEhiRE 2s bt actp i} depot of
ﬁbé]ﬂﬁ1griﬁ\fheg[1ﬁgsess differs fromthe 'conventional"
et hanol infusion process, where |lipid solution is

infused as a streaminto agpbuhkeqf am kacin sol ution.
Am kacin and lipid solutions preparation. Am kacin

sulfate 12.0 g was diﬁﬁﬁ%ﬁﬂxfﬁﬁogg% , hater and pH

was adjusted to 6.5 by a ng necessary anmounts of 25%

Na Lution...Lipids, .1l 480 DPRC,and 0. 520..9. .
chol G086 bR B BTG phods i il wsm oig i solution s
métddanich a sinehnd Of dtiivadtBie sollifies CindiMEINVES fé1edpld, B YacaMctor

nm. batch after infusion at a |ipid/ amkacin flow rate

whtchgonnastioo Lepgth of jubBBetermed s ixips tehee wherg furleer mixing can

oRE PR OB B Sk 2 SOl Rt conol otsion

prootssf where pipepsihethndc odusdi ag a sivezmb e a bekudftamikatin solution.
approximately 40 ng/ nmL am kacin (per base) sol ution.

AndiRadih pind lipdd séluionssrephrapnt ed was DPPC/ Chol (ol e
ratio of 60/40) with a total |ipid of approximtely 20

g/ mansdcitt §10mtd B0 Qb ARebIed 1 WOdSL WRES ahe ?He&last djusted to 6.5 -
~40C for faster dissolution. The exact anpunts needed

by ylding ngessary aewks of25% NeOkbsilutions d-ipids, 1.489 2iD8BCrand 0.520 g

of. it | aline {ao ter), W ch.is
oA, PlerctioB T BB PA fmf SinghfBt ML e There
amsonteresulati 2800 Martafcacifier infigsiq faadid/amilpm v edé 6B3I0/500

f the infusjo ystemis shown in Figure 8. Lipid and
mg((ﬂ’WaEﬁsﬂecélé’P]:Xt R’dﬁ@n% @ hepeeparienaily @diysied gordarger scale or if

AR NEG i RHes ble@edired. ™ OD 6.4 nm) at flow rates ~
300/500 mb/mn (i.e. ~ 1/1.67 volune ratio instead of-

1/3.35. in i onal .

3 5 TR N B SREST N b
mg/phlu tmoracan@esbdst)Sohitiohu Tae (ipld Dhwtionrss prasnted @ds DPPC/Chol
(5836t oo Pho} Mtk At a1 Bl e S Sroximately 20 me/mLL solution (90% ethanol)

Lipids were heated to ~40°C for faster dissolution.

The exact amounts needed for a 300 mL batch are: amikacin 150 mL, lipid 90 mL,
and 60 mL of additional saline (or water) which is added after or during infusion to adjust

final ethanol concentration.
Manufacturing procedure.
One embodiment of the infusion system is shown in Figure 8.

Lipid and Amikacin solutions are mixed in-line using a Y-connector (ID 3.2 mm,
OD 6.4 mm) at flow rates ~ 300/500 mL/min (i.e. ~ 1/1.67 volume ratio instead of ~ 1/3.35

in the conventional process). A MasterFlex tube L/S 25 (ID 4.8 mm) was used to deliver

 the lipid solution and a L/S 17 tube (ID 6.4 mm) was used to deliver the amikacin solution.

To obtain synchronous flow rates, two pump heads with one MasterFlex drive were used.
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To obtain synchronous flow rates, two punp heads with

one MasterFlex drive were used. According to the tube
woroeggisdcet i on areas, the theoretical flow rateCraszme/027859

should be 4.82/6.42 = 0.562 = 1/1.78. \Wien the punp

drive t to 500.nL/mn_ far i kagin tube, L/S 17,
Aot e BPerdr S pai kit e HasaisaBoN 3k P shapigbis 4.8%6.4°
=bBe2 i gss Wiéhitﬂé“'}tnﬁﬁ@ AV a PRV LS TR/ mint BE Allikddid®ibe 1/S 17,

m xture had -34% et hanol. To prevent am kacin

thpmeesyped Bowvanies NaG ~390/500ioH1 €an be added after or
during infusion at a flowrate 100 - 200 mL/mn (it is
assusmeck thhdipid edutiinpostams 06w ehaiod ghelyn-fine mduthatl k34% ethanol.

T8 iiabiorn Ty e et MRCE Solfont e ad0ef i e using ipgasion at o
ﬂcﬁ@/hﬂ@ ko - 700 ﬁ‘lll'_,/ﬂlhpgli 1 adsiiinidd i tHel IDsERELare 8B6dy BRI at this
a

m./mn, is conparable to the perneate flow raté when
paisf)-nGhusibe Bingl wixare Moudd haya ~2aYe athangb of whiihsal hikeeamikacin is

i bl.e 0 si nmul taneous i nfusion and concentration
e’%gag#%flﬁ %O?lggﬁ?'on. The resulting |iposone suspension

d. f i kaci diafiltrati
o ntP R RS i e Yl RE i Rfags Soppirafl ehspgrmeate
flEWeAD HABe uah e dvd 81} EifiltrafidPetridBed - Phifaked iR pbRBH1E fof &

step, the suspension was concentrated to nearly half

sigpltargeupmifgsienindasnoentrationby fafiltratisen, duri ng
diafiltration to wash, the suspension was recircul ated
and Thegetnlaag lipesogslsuspeosionaas fvashddrio gernonee gedmikaciaby

5 2 T L e T S8 SO AERGrrne e

140 i’ Fib&raDl @B ngANtinAbe Hrststbp, lthetsushesort g @UERRASIIAB nearly half
vol une of the feeding saline solution was dispensed

of(the eriginalvphgne {150 rgbp They, durimggliafilaiion toayashribasusmiengon was re-
: e M L fer y i o .

RS ol A e s N I 34 My n v

tosadtelntae ipapnda)e tate ot tAunmbineids dédstdit odluate. Diafltddon c@tinued

am kacin and |ipid conceptration. The recirculation
urgi] ket %P?lﬁ_gm urgp a_? e Sredifecnling %?%Waé@ensed @e.
44756 WIN= 680 Ghdy mﬁ@diaﬁﬁrfgigﬂanlﬁrﬁﬂglﬁ&%d@g LRI b8 [&Brdd 104e %

gradual 'y reduced to - mn in order to maintain
“waskes” nFetallpr s suspendien vws dhcp8iatedR@li afenipmswithout saline input) to

| dhui. , K., i O, 1S. dP F, .
ool e B Godien el iRt P inig SEaRPRREr §Bf ropicttation
1B eROYSrn Ak di kOB Dtd08as(-B39G)L./min, and during the final concentration

step it was gradually reduced to ~150 mL/min in order to maintain the inlet pressure below

10 PSL.
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1:1, or 1:1. 2. The lipid antiinfective formulation of
claiml1l, wherein the lipid formulation is a |iposone.
W@ 20071440 pi d antiinfective formulation of cl aPaT/2$2006/027859
wherein the |iposonme has a nean dianeter of 0,1 nmto
. 0. . 0.2mto 0.5 M 0.2 mmto 0.4 mm or 0.2 mm
“’3189‘62?1%-4. The lipid antiinfective fornul ati on of
claim 1, wherein the antiinfective js selected from
Lt he PAPIbHHRfocts @wﬂa@@wmr&@}g aaflﬁlétf?@w%trqwﬁ 2y

sul T ahgifedfie, RhereRhe BRRIS sufstantiall ionic lipi
di am n%g%rﬁﬂr%’ dilﬁg, z; q ﬁnoﬁ%ﬁg@g g‘-ﬂ?sa%ntlgrr?’ fraee Bfﬁrggltngrlﬁp ids,
and andovheaein dnaweightatibiof bpid te hhttinfegotienisdol to &1, 3:1 to 1:1, 2:1 to
macr 'hi dele penicillins, cephal osporins,
cor t 1-¢o¥tletoi d, prostaglandin, |inonycin, clindanycin,
' cin, I xin B, coljstin, vanconycin, o
22 B R R P Moy S St s
et hi gnapgi,de, am nosalicylic acid, cycloserine,
capreonycin, a sulfone, clofazinne, thalidonde, a
3. po! YERE; Hﬁhﬁiﬂjﬁégm/e fof11I11Hfa¥iBff %f ?lgrm b,@vﬁ%@iﬁltﬁe ][i}gggo%(ﬂag a mean
griseofulvin, terconazole, butoconazol e cicloplrax,
ci cl dipmeexod. aphn®, 1.0 alQPogh e 0559lmal.2 aireto 0Mfifn, bt 0.2,um to 0.3
terbi nafine, or conbination thereof. 5. The lipid
antifif ective formulation of claim1, wherein the
antiinfective is an am nogl ycoside. 6. The lipid
4.ant i Thef lgwd emteinfeotivafoamiiahon bf clhmh in Wwhereineheantiihfeetive is selected
antin%nf ct%ﬁe Ils am kacin. 7. The lipid antiinfective
f or MEPRIRGIOHEY e AP ATYNOgHHeaSidena [oHacYElne, ppRyile; 2
t 0br AfhEbdhzo1 -aciling dlahith&hydMibinef £qiihyi6nd, QraT8id, B -2kt d
claim 11 wherei n’ t he anfbi}?lnfleélt’l v(glhi S réént[g}r% cl A. ng. amanca
The [p-lgoiahaaa trihinfoeothioareptenicol)laahacoslidef peticilinslgephalosporins,
wherein the.liégid for(gﬁl ation conprises neutral | .
i pi @RS eroMTPIRE RP A ORISR, PR S RECHBRMYFN, Polymyxin B,
cl ai d@li@’oin,%&fo%ﬁh%, :Eﬁcitrh&h,dﬁoﬂi;@ﬂ&,ds ?1}_1‘;' Qt_l#@%}lﬂo'l,@gﬁonamide,

formulation ar€ al'l neutral Tipids I pi
ant i dopihesicyle foot, wutlasdrion, apreohyicin, & sulforee clofazaminesthelidomide,
lipid

a I%Iyene antifungal, flucytosine, imidazole, triazole, griseofulvin, terconazole,
butoconazole ciclopirax, ciclopirox olamine, haloprogin, tolnaftate, naftifine,

terbinafine, or combination thereof.

5. The lipid antiinfective formulation of claim 1, wherein the antiinfective is an
aminoglycoside.

6. The lipid antiinfective formulation of claim 1, wherein the antiinfective is amikacin.

7. The lipid antiinfective formulation of claim 1, wherein the antiinfective is
tobramicin.

8. The lipid antiinfective formulation of claim 1, wherein the antiinfective is
gentamicin.

9. The lipid antiinfective formulation of claim 1, wherein the lipid formulation

comprises neutral lipids.
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12. The lipid antiinfective fornulation of claim1,
wherein the lipid formul ati on conprises a
wohowphol4dpi d. 13. The |ipid antiinfective forrROTAS2®E/027859
of claiml1l, wherein the lipid formul ation conpri ses a
teri..4...Te.Iiid tiipfective for 0 f
G o PhsteidaasiafoyeBrmpBit: bErf b Vosdoohp Bhiehefmake u te
st eri@id fdimulation ahd A1 fevaial gjbiaé.ect ive fornulation of
claiml, wherein the lipid formulation conprises a

11pho Sﬁmll 1@ hehiiaRdtife ﬁ)‘i B0RLEn oﬁ@lalrﬁr i efréé ¢t a‘ﬁlonlc 11p1ds

antiinfective formul ati on of calm wher el n
L PR 9 i

cl ai condprisehepkosphslipgd.| i pi d for rrul atl on conpri ses
di pal m t oyl phosphati dyl chol i ne (DPPC) and chol esterol.
1318. Tikelifidl phinantivd phaclative of Aaiw ) alvhasindhe Bpidifddndulation
wherein the lipid fornulation is a |iposonme with a
nearfodiRiset @pteid.0. 1 mMmto 1.0 nm 0.2 Mmto 0.5 mm
0.2 mmto 0.4 mMm or 0.2 Mmto 0.3 mm the
l4ant i Therlad evtéinfostiggioramulotion ahelainh &, Wheein tholkipid fermwation

conp hosphol i pid and a steroid. 19. The lipid
ant |°|ro%1?p§issﬁae\l/%elfozr mul ation of claim1, wherei n t he

et BRI B RSP  E RF on

mn d@)’i’n];QISgS mdsgh&lﬁdmmaét&%uantl infective is
am kacin; and the l'ipid fornulation conprises a

16PhospQ] 1l dn@AkcavSfothMlatiod Bf c1ding1) dvlﬁ)érginéiﬁ’é lipiBfrSetdiMfon
formulation of claim1, wherein the Iipid fornulation
i s aonippssomphosphelipgd pmbastdicamet er of 0.1 mmto 1.0
mm 0.2 Mmmto 0.5 mm 0.2 nmmto 0.4 mm or 0.2 mMmto
170. 3 Thy liftifh entainfecting fochithagon sf @aiink h,cW]m:reiamhh li}isié fdninpﬂaiion

R R AR e A e R

forrrulatl n of claiml conprising_ infusin gueous
8r af ke AEIBERTYs GrBRIAR RF SRET bfWhHen AR R femulgon is a

W'”l sbihnPiaf l \}b\%cﬁgﬁﬁg It&)p(p ?&nwlxég ?turﬁt(f 4 OZumto

tenp ature ase ansiti

of the pld, ot dS, ;uthE(f) ipifn;ithd Mﬁilﬂi@cﬂi\hﬁs afileeiss afd the 11p1d formulation
al coholic solution or m xture_ of
comprises a phospholipid and a steroid.

19.  The lipid antiinfective formulation of claim 1, wherein the lipid formulation is a

liposome with a mean diameter of 0.1 pm to 1.0 pm, 0.2 pm to 0.5 um, 0.2 um to

0.4 pm, or 0.2 um to 0.3 pm; the antiinfective is amikacin; and the lipid formulation

comprises a phospolipid and a sterol.

20.  The lipid antiinfective formulation of claim 1, wherein the lipid formulation is a
liposome with a mean diameter of 0.1 pm to 1.0 pm, 0.2 pm to 0.5 pm, 0.2 um to
0.4 um, or 0.2 um to 0.3 pm; the antiinfective is amikacin; and the lipid formulation

comprises DPPC and cholesterol.

21. A method of preparing the lipid antiinfective formulation of claim 1 comprising |

infusing an aqueous or alcoholic solution or mixture of the antiinfective with a lipid-

alcohol solution or mixture at a temperature below the phase transition of at least
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the antiinfective is done from above. 22. The nethod
of claim 21, wherein the |ipid-alcohol solution or

woiad7ime4mas a concentration of 10 to 30 ng/ nLPCRRS2006027859

met hod of claim 21, mherein t he aqueous or al coholic

solutio . xt eof ntiinfective has . .

conc 4SS isEriR vt b eks o sigteli whgiogror mixture of
cl ai i 3dtiinREYE1stonb Erohi #Hode.al cohol sol ution or

m xture has a concentration of 10 to 30 ng/nL, and the

2RQUEPSHBMhoALEORR hE, Wil Hih'tl?ﬂ@&—a[@o?%%o?utﬁin%%tﬁ?%}urrﬁhas a

antiinfective has a concentration
25. comeentetihodf b teP@ing @, wherein the antiinfective
is selected fromthe follow ng: an am nogl ycosi de, a

23.et r'Heymktihné of elagw Rt onkereidehe :icplealm' oraidehsbt Solatdrtor rixture of the
diam'n.o rimdine, ui, no | actam a b-lactam
and 4y %%{Bie&%géomﬁqqfﬁﬁlwfo Z%Ctﬂﬁgr‘%%{ﬁ’ém col, a

macr ol i de, penicillins, cepal osporins cortlcoster0|d
24y osTlﬁgmathaﬂ At clpy 8?fry‘i§]|1“iiielnélllq biidh#jeohal sobigisrar eiiipes bes a
poly,
s nc?%éélngl, afon ?)? hd |§&n 5 @nltgﬁﬁlpfb utﬁgﬁfé &glteﬁ?s%ll Jl@ogxoﬂc solution or mixture
am naShé amyhfectmscha# a coyicdnasson 020 wafirmgmici n, a
sul fone, clofazimne, thalidom de, a pol yene

25nt i Thengathod bf tlaitt 08, iksreih Mhedaion fectivielik 81€dt&1 from the following:
griseof ul vin, terconazole but oconazol e ci cl opi rax,

Ci ol BAREREyPemsn a tetrRay P oy L onﬁ@u%ptamvéobeﬁmlp iafifen
t e r bdlﬁ‘l?&ﬁﬁ%ﬁ’ﬁdﬁ@ rgbchlﬂ?otl&}%n &ch(t a B?igctaﬂl; di g%t-ﬂg&ngse inhibitor,

fec

am ndgdrysiesiods.a ddcrolldes pemtillng, @Hpalbbpdr[ﬁs?dortlmwi@dﬂ
the antiinfective is amkacin. 28. The method of claim

21, KAUPERRIRHECRNCH, SHadRIGE, ﬁl&eqlaamawpcm%ymmn Bysglistin,
et h\%@c&{ly&h %efat?al'm %ﬁﬁ%&i i Iﬂ‘g)lu?,.r&ﬁ itk étﬁl%nbrﬁ%dﬁ,e

gent am ci n. . aim wher el n
l'i pi azlmab@dﬂhmlhc gmﬂ UJB’D]@Blerme, Cmpxﬁtom}eirc (amplfomasloﬁammme thalidomide,
phos e et hod. claim?21,

d,..31. f
o oSy eBigrindn, FSHSThe inier Barifi st drsgpitazot,
32. pileconrid6icpirek didbpidox MBI MalbfiBginl Rilthfiates MdMakine,

solution or mxture conpri ses
terbinafine, or combination thereof.

26.  The method of claim 21, wherein the antiinfective is an aminoglycoside.

27. The method of claim 21, wherein the antiinfective is amikacin.

28.  The method of claim 21, wherein the antiinfective is tobramycin.

29.  The method of claim 21, wherein the antiinfective is gentamicin.

30.  The method of claim 21, wherein the lipid-alcohol solution or mixture comprises a
phospholipid.

31.  The method of claim 21, wherein the lipid-alcohol solution or mixture comprises a
sterol.

32.  The method of claim 21, wherein the lipid-alcohol solution or mixture comprises
DPPC and cholesterol.
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DPPC and chol esterol.33. A lipid antiinfective
formulation conprising a lipid fornmulation and an

wanvizinfact i ve, wherein the lipid to antiinfecPCVaS2006/027859
ratio is 1:1 or less. 34. The Iipid antiinfective

or myl. at
3,0t R o it ee et ol SRt it oSt o maian s
ant i dntiiefedtiveewh@eithalipi@no ahtigkative 8o ivharsgilgsst he
lipid to antiinfective ratio is less than 0.5:1. 36.
34The Tidoifld aptih fRfi @S Tdrva1ati8h BYL@ih 95 v@l{eléih% dﬁﬁ 0 antunfectlve
wherein ‘the antiinfective is an amnoglycosi
The tafipiisdlessrthini ®F2dt i ve fornul ation of claim 33,
wherein the antiinfective is an am nogl ycosi de
3sel e’Blﬁeeldpid aoiimfeovd formalating of elaink 38,i whergja thealipiditm antiinfective
tobra g gqelipid antiinfective formul ati on of
cl allﬁ‘} le%ht #9R't he antiinfective is amkacin. 39.
The i |d antiinfective fornulation of claim 33,
%er“éliwnhmﬁ antiipfectivg emulagon of glaimt A véheseindlee antiafestivsiigan
ant i Jormulation of claim33, wherein the
ant |%1n%8%1§,|&6\/égd Is tobramycin. 41. The lipid

nti ein:. ..
S PSSR SRR RGBS B Ve fid e s
ant i damihegllycostdef selentel d¥ano thedbllew i madidkacid) getthnidifi®r tobramycin.
l'ipid fornulation conprises a phospholipid. 43. The
34.1 pi Thealigid bitiigfetivefor@u bR bE S18in® 83, Gl 1edréh 3 antih@e&ive is
the lipid formul ati on conprises a steroid. 44. The
li pl%llm MR nfective fornul ati on of claim 33, wherein
the lipid fornulation conprises a sterol. 45. The
39.i pi bhedhtid prifinteeiivefononietipaof dainpd3, oflesirein 38 anfifleeive is

t he id . formulation conprises
di paéen atmlClehosphatl dyl chol | ne (DPPC). 46. The i pi d

nt| nf.ecti ve | ai , rein.t
| pl 1€f183r1mt5{1f€8ﬁ ormul%go of cclaun w?herem he antiin ectlve is

tobramycin.

41.  The lipid antiinfective formulation of claim 33, wherein the lipid formulation is a
liposome.

42.  The lipid antiinfective formulation of claim 33, wherein the lipid formulation

comprises a phospholipid.

43.  The lipid antiinfective formulation of claim 33, wherein the lipid formulation

comprises a steroid.

44.  The lipid antiinfective formulation of claim 33, wherein the lipid formulation

comprises a sterol.

45.  The lipid antiinfective formulation of claim 33, wherein the lipid formulation

comprises dipalmitoylphosphatidylcholine (DPPC).

46.  The lipid antiinfective formulation of claim 33, wherein the lipid formulation

comprises cholesterol.
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conpri ses chol esterol .47. The lipid antiinfective
foraiulation of claim33, wherein the |ipid

woanimis4d on conpri ses a phosphol i pid and a st eCcoiud2006/027859

48. The lipid antiinfective formulation of claim 33,

o3 205 s R O TR BB Bh b

of Céahyphi s%salpmhemmdhﬂ@alstemld. formul ation conprises
DPPC and chol esterol. 50. The lipid antiinfective

44.or nmh@mblaranaﬁlf&h% Br3d1atO O 8lalin @hewhéreiln%é Rﬁlalfbﬂm&{bn

is a liposone and the antii nfective is am kaci n.
The Nl]@LPl@BCaﬁPhNﬁh@]&Hlﬂ%d feterdlul ati on of clai m 33,
wherein the lipid fornulation is a |iposone, the

4@ant | The Beitliauginfetiaafduaciation afi dlatrh 83 ) windreinftios Hpid #oinaration

conprises a pi d nd a sterol. 52. The lipid

ant i FHRREEE? P@ggcﬂ?ﬁﬁ’l@??t B9 of claim 33, wherein the

(g ,g]&fornulatlonlsall posaone, the antiinfective is

Sthmi KHeq Hpid appnfaceve fosmulation qiiplatm 83, wespinitaekipid fpppdation is a
and g, &bRkeA: @ e%ulﬁé’buvé\lﬂﬁﬁl’fk%nOf preparing a lipid

antllnfectlve ormul ati on conprising a I|p|d

for | si.n

1St ] gglll@%]#lg 'ﬂnlﬁ’lﬂ‘f'ecg{)e f‘q El'tqﬁfgﬁﬁtgi Xl%nﬁ ?5‘% erem e 12113 é tf?rgxg,ﬁ;?tlon Isa

of allipcanmleJ thé GMmfeetma)llslatnlkmnrgr'cuuﬂl”tbetli;ﬁ@formfﬂﬁlh@hl&oﬁl fises a
R?m)rea Cflre mxed in line. 54. The nethod of claim

#¥ 2 35°5t reams enter a Y-connector. prior
mX|n in line. 55. The net hod of claim53, wherein

5?t he El%ﬂ e aRdingetive Semmiston pEclaigy duhasein sheclinid forulation is 2
56 atO]EEE ttHIQ gntﬂfnfeﬁ 1%!81%1%%1%%}9@ gﬁxﬁ{}{é n%)?&ﬁfoa}nﬁkﬂo 1 comy mp]ggas a DPPC

vvheramdra dhletestndli i nf ective is an am nogl ycosi de. 58
The net hod of claimb53, wherein the antiinfective is

53an ammlgiqlﬁq&epiﬁng allpid admﬁﬂ'eamaibﬁmﬁladldnpwnﬁmsm%a i
am kaci n &gn mcin, qQr tobranycin, 59. The net dp
cl ai ffBglat o RIEC R PRGBS PHaREoIR: 1189 solution or

The QBEBEAYR 2 St P atiSEalve SbRGARE Hupttueec Wn¥kid S two

gent am ci n
streams are mixed in line.

54. The method of claim 53, wherein the two streams enter a Y-connector prior to

mixing in line.
55. The method of claim 53, wherein the solutions or mixtures are aqueous or alcoholic.
56.  The method of claim 53, whereiﬁ the lipid formulation is a liposome.
57. The method of claim 53, wherein the antiinfective is an aminoglycoside.

58.  The method of claim 53, wherein the antiinfective is an aminoglycoside selected

from the following: amikacin, gentamicin, or tobramycin.
59. The method of claim 53, wherein the antiinfective is amikacin.
60.  The method of claim 53, wherein the antiinfective is gentamicin.

61.  The method of claim 53, wherein the antiinfective is tobramycin.
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6 1. The nmethod of claim53, wherein the antiinfective

is tobramycin.62. The nethod of claimb53, wherein the
wenowamaad a |ipid solution or mxture, and theCcstSe®ann27859

of an antiinfective solution or mxture are nmxed at a

ota r 0 0. O nb/mp...63. The net hqod
657" ol R R LR s ViR PR et oL idiserdn gF ooy and the
m xt siream afh ddtienBétve@atiudbn apmattiid RE BEtdVR asté’cbyﬂé\@ Bate of 700 to
or m.xture are mxed at a total flow rate of

nL/ nPP0 ME4MinThe net hod of clai m 53, wherein the stream
of a lipid solution or mxture is added at a flowrate
6%5f 20be netwdeglaimisa, whgeinThestnenhaih pid sblation 6Bmixture, and the

wher str. of a |dslut|on or, m xtu

b Bt DR bbb SR N o B o 00
cl ai ml%3ijn.wherei n the stream of an antiinfective

solution or mxture is added at a flowrate of 400 to

6400 The Method®f clafii®3Rhéel tBS stedad &7 2Fpid WIGHSH Br ItnB&ure is added

stream of an antiinfective solution or mxture is
adde®f %llovar#tp o 0Qitoet09fmIzo0n.m / ni n. 68. The nmethod of
clai m53, wherein the streamof a |lipid solution or
61 xt Themethoddd eldina 53 awhdreiw thasteanf of30bidkélniion ormiktirees added

stregm ective solution or mixture is
adde O\%rq?SE\r&’(:l IPEUBIIH 500 nL/mn. 69. The nmethod of
t f the conbi ned
661 o h%l%e@l%g@rfgh S0 herohths SHAROR! A9rangindednvs Soiition or mixture

wher giafdéd s athdW%ft@BM(ﬁ) 18600 i /il d sol ution or
m xture is 3C0C, and the tenperature of the

~pnt ' Tlﬂaf ﬁ@ﬁl'o %f 51‘3&1?53 o\{)hé‘?élll rﬂ@‘#ér edfsan %%%fecz%fg s?lﬁ'? on or mixture

of c erature
I i p|ldaédﬁdﬂt|ad”mvoratmﬁdoﬂ)rmL/hmnS(I)C and the tenperature
of the antiinfective solution or mxture i s room

68. enpEireahethed of 2lain B8, Wikl dheddireaad M 153d sd1id& mixture is added
di luting the conbi ned streans

TR BP0 USRS St oo or misir
met heda@dq £laalow ﬁ@e oMM 8l il he concentration of the

antiinfective solution or
69.  The method of claim 53, wherein the temperature of the combined streams is 30-

40°C.

70.  The method of claim 53, wherein the temperature of the lipid solution or mixture is

30°C, and the temperature of the antiinfective solution or mixture is 30°C.

71. The method of claim 53, wherein the temperature of the lipid solution or mixture is
50°C, and the temperature of the antiinfective solution or mixture is room

temperature.,

72.  The method of claim 53, further comprising the step of diluting the combined

streams with water at least 20 seconds after mixing.

73. The method of claim 53, wherein the concentration of the antiinfective solution or

mixture is 30 to 50 mg/mL.

74. The method of claim 53, wherein the concentration of the antiinfective solution or

mixture is 40 to 50 mg/mL.
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m xture is 30 to 50 ng/niL. 74. The nmethod of claimb53,
wherein the concentration of the antiinfective
weabartoimaoor m xture is 40 to 50 ng/ nL. 75. ThePOEUIS2@®6/027859
of claim53, wherein the streamof a |ipid solution or
75m Xt'ﬂ e métﬁo@?f’cﬁgm?g %vlg WSS r%al%fof%qlgmi] o:jl/ t}rﬁrg(n?rdplé(gl.}rg is added

t he s ream of an an ||n ectlv sol uti

added adlowaratd @8 00ahE/nah, HAGhekitaamof dnh@itiirEeRREabMkien 6f mixture
t he conbined streans_is 30-400C, the conbi ned streans

ar e 1apfdndad 2 fiorrrajrefx00mL/indnicthe samneertpisc th qaabined streams is
m Xi opng .t
ol L oo el RO ERASARAG Sl AMuBl stk biBAERD \KBngs apr
of ahamltg, 583 thetvenedntratitue of thp extiiofeepve sdstién or mixture is 40 to 50
phosgh/ol ipid. 77. The nethod of claim53, wherein the
|i pif rises a steroid. 78. The nmethod of claim 53,
wherein the lipid conprises a, sterol. 79. The net hod
Tt ciagimsthad 0%@%?% wheeeip thsi lipid eprppiisse ¢ pbperboligg.  The
nmet hod of claim53, wherein the lipid conprises
7T hol Bretraethpd oBalainThd wherein thedipid Fempaiss 2 sigreidei n t he
i pid conprises a phospholipid and a sterol. 82. The
78ret HBw rofthed af ¢irifB53,whieeren thet lipsd komppuises arsparolses  DPPC
and chol esterol. 83. The nethod of claim53, wherein
7% he Tliephahbédofribiat 5Hrwlicseia the ljpid comprased DRRC,
antiinfective is am kacin. 84. The method of claim 53,
gonherHBieméthed bf ¢hith 53 rwidréih kilipid c@mpiiife shslEsteiohe
antiinfective is amkacin, and the lipid conprises a
gIphosphkahétRbdloPEIEINRSS tvﬂ{e@éln tfipid B&n{ﬁ%e‘@ A@hedphelipidBndd sterol.

V\herelnthellp|dforrrulat|on|sa i posone, the

gant i TRfBGhb ¥ 6f él§m§‘§‘3 Kﬁ@ran t1Nehid Bemprifs qbrqma{d &%festerol
DPPC and chol esterol. 86. The nethod of claim5b

83}’\’252‘@16%1&{1?%& Ak 9}10 %) o%'i él{n gl{e%fbg%i’&x\}ﬁlgtfg? rllé ?hé ﬁlurf%ra&d the

ant ianhfrdedttive és amaikiacini s 0. 75: 1 or |l ess. 88. The net hod
of claimb53, wherein the lipid to antiinfective ratio
84.s OHzirletbod bdsim 8F.whehen mrtlipid formutdtidhiz BposoRey dien
the lipid formulation is a_ljposone, the antjinfective
i s anfildegtive it Hulkeeip; %}1dctl3‘t”er1|d§é§1PDﬁfFS@ phngrkalpicdands gerol.

and the lipid to antiinfective ratio is 1:1 or |ess.
85.  The method of claim 53 wherein the lipid formulation is a liposome, the

antiinfective is amikacin, and the lipid comprises DPPC and cholesterol.
86.  The method of claim 53, wherein the lipid to antiinfective ratio is 1:1 or less.
87.  The method of claim 53, wherein the lipid to antiinfective ratio is 0.75:1 or less.
88.  The method of claim 53, wherein the lipid to antiinfective ratio is 0.5:1 or less.

89.  The method of claim 53, wherein the lipid formulation is a liposome, the
antiinfective 1s amikacin, the lipid comprises DPPC and cholesterol, and the lipid to

antiinfective ratio is 1:1 or less.

90. A method of treating a patient for a pulmonary infection comprising administering
to the patient a therapeutically effective amount of the lipid antiinfective

formulation of claim 1 or 33.
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90. A nethod of treating a patient for a pul nonary

i nfection conprising adm nistering to the patient a
woheapeddi cal |y effective anount of the |i pi dPCT/US2006/027859

anti i nfective fornul ation of claim1 or 33.9 1. The

of cla erein th ul monary i.nfection is
oy poliiBribiat T s ik eib i popmBR GG Ion i & pegdOthonss, P,
puti fayeifodyl PSRRI Hs, ¥ Pukila, @Cﬂﬁ&)é&reﬁﬁ%ndP acidovorans,
st aphyl ococcal MetliicillTinresi'stant Staphyl ococcus

aur Gﬂh@hé’mm, Mchlé;ihm@sef@aﬂ Staﬂw@gc@@@@m (MRSA), streptococcal,
pneugn n ae

b
Ent U BBLEORPS Paar Pt FoRReiehisior s Dveli Brgopags Sorrate

5 Bur kH@én@U}szklﬁs oo BeddsEBur kB@ld@i@@PféuaomBZleng 3&10@&1&,,3 Biladioli, B.
mul tivorans, B. vietnamensis, M,/cobact er| um

t ubertﬂélawgrlé B. Metngiieitise é‘/&ﬁp@étqrmcsu engulogis; Mrpvisen complex

intr i r
ol e T T R R
chel um&nna M. gartriviom c@Rpled qulmﬁumf ortMedtelongi mfgdivh.ent
for a pulnmonary infection caused by cystic fibrosis

92C ONPA inSdtli@l EFdidathS4 patidhg fdr@ gulo@ay irffedtiod caused by cystic fibrosis
therapeutically effective anmount of the |ipid
10 ant jGORRSHEENTBFRTINaGA A PaRons psharpeuBpllystective amount of the

lipid antiinfective formulation of claim 1 or 33.
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