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15 As reported in Goodman and Gilman's The Pharmaceutical Basis of Therapeutics,

-

[Eighth Edition, "Since the incidence of nephrotoxicity and ototoxicity is related to the
conceniration to which an aminoglycoside accumulates, it is critical to reduce the
maintenance dosage of these drugs in patients with impaired renal function." Since
aminoglycosides can produce vestibular or auditory dysfunctien and nephrotoxicity
.20 regardless of a patient's impairments, it is important generally to reduce maintenance
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
25  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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antiinfective can be any antiinfective comonly | mown
should be about the same concentration as in the solution. However, the internal

antiinfective concentration is calculated to be at least about 3X higher.

20 In part, the present invention features a ltposomal anitiinfective formulation
‘comprising a lipid formulation and an antiinfective, wherein the lipid formulation is
substantially free of anionic lipids, and wherein the weight ratio of lipid to antiinfective is
about 4:1 to about 1:1. In certain embodiments, 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.

25 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 um. In certain other embodiments,
30 the mean diameter is about 0.2 pm to about 0.5 pm. In certain other embodiments, the

mean diameter is about 0.2 um to about 0.3 um.,
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embodiments, the concentration of the neutral lipid-alcohol solution or mixture is about 10

20  toabout 30 mg/mL, and the concentration of the antiinfective aqueous or alcoholic solution
or mixture is about 20 to about 70 mg/mL. However, one of ordinary skill in the art will
appreciate that concentrations may vary or otherwise be optimized depending on the lipid

and/or antiinfective involved.

In certain embodiments, the present invention relates to the aforementioned lipid

25  formulation, wherein the antiinfective is selected from the following: an aminoglycoside, a
tetracycline, a sulfonamide, p-aminobenzoic acid, a diaminopyrimidine, a quinolone, a -
lactam, a B-lactam and a 3-lactamase inhibitor, chloraphenicol, a macrolide, linomycin,
clindamycin, spectinomycin, polymyxin B, colistin, vancomyecin, bacitracin, isoniazid,
rifampin, ethambutol, ethionamide, aminosalicylic acid, cycloserine, capreomycin, a

30  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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In certain embodiments, the present invention relates to the aforementioned
20  formulation, wherein the lipid formulation comprises DPPC and cholesterol in a mole ratio
of about 20:1, 10:1, 5:1, 2:1, or 1:1.

In certain embodiments, the present invention relates to the aforementioned
formulation, wherein the lipid formulation comprises DPPC, DOPC, and cholesterol in a
mole ratio of about 5-20 : 1-20 : 0.5-1.

25 In 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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a

rate of about 500 mL/min. In certain embodiments, the stream of a lipid solution or mixture
20 is added at a flow rate of about 300 mL/min, and the stream of an antiinfective solution or

mixture is added at a flow rate of about 500 mL/min.

In certain embodiments, the present invention relates to the aforementioned method,
wherein the temperature of the combined streams is about 30-40°C. In certain
embodiments, the temperature of the lipid solution or mixture is about 30°C, and the

25  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
30 comprises the step of diluting the combined streams with water at least about 20 seconds

after mixing.
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embodi nents, the lipid conprises cholesterol. In cerfain
spectinomyein, polymyxin B, colistin, vancomycin, bacitracin, isoniazid, rifampin,

.

20  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
antiinfective is an aminoglycoside. In certain embodiments, the antiinfective is an

25  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
30 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



-6 WD 2007/011940 PCT/ US2006/ 027859 enbodi nents the |lipid conprises a
phosphol i pid and a sterol. In certain enbodi nents, the 1lipid conprises DPPC
and chol esw@e@7/011940 cert ai n enbodi nents, the present invRETUSH06/8278%%s t o

t he aforenmentioned nethod, wherein the lipid fornmulation is a |iposone and

the antiinfegti.ve | m.kacin .l | 1 he . present
nventi on FopiREats Y B mPos AR R M e PR G the
formul at i olipidsomptibd3ISEPE and Hioléstdrbl, nf ective is anmilcacin, and the |ipid
conpri ses a phospholipid and a sterol. In certain enbodlnents t he present

Lnventi on I el at frceldinl ibARAERIRAL bRAGH ifiRhilihelat WIS TR MotdifenkibMdtncthod, |
formulation is a I posome, the anttinfective I's am kaci n, I prd
conpri ses WREIEimthe lipiddbestletian is a liposeme mndltherahtmfemmsamMQcmr esent

i nvention relates to the aforenmenti oned nethod, wherein the lipid

fornul a3 i on hasppceriaiti dnBodimeits, thé prebent envieatiorOrebfiestB Ak afbremedtioh@BHethbd)
certain enbodi nents, the present invention relates to the aforenentioned

met hod,  wwhetsinrthe fipid fpgn@laﬁ@r isud linosome.(the anfiinfeptive is gmikacin, and theilipid r at i o of
about 0.75;1 or |es 3}? 1ﬁ cer F(glenbodl ments, the present invention

rel ates to?’ﬂ%"‘%?&}’g%sé’ 1% &4 A8t wherein the lipid fornulation has a

lipid to antiinfective ratjo of about 5:1.or n certai,n enbo nts,
the present |nvé eri3in qrapodiraents Jﬁ H’?S%{‘Fb‘}vé%‘?ﬂ]iekfﬁ%ﬁoﬁlé‘? ?fg‘é?men\%ﬁ%‘?dem g?‘ﬂe

1 pi T OF Myh el Mie 1idicPfolhi gggfpea%ﬁoﬁgtqué BifkebtR s AR GhAmele | | Pi d

conpri ses DPPC and olest |p| to antiinfective ratio is
about 10 1 compréses DPPC dnd cholestesol. enbodi nent, the present invention rel ates
to a method of treating pulnonary i nfections in a patient in need thereof

conpri sing adni T ¢iain dibddmedts, thebiesdtt iventiditietipestoitbddfoyentintiohdd methadpunt
of a liposomal antiinfective fornul ati on comprising a lipid formnul ation and

an antii nf &bgteirethe Jipis formulatien hessanlipid ég andinfertifedatio o8 apautdnborlesno ny/ day or

less. In a further enbodl ment, the dosage anmount of antiinfective is about
30 ng to about Bﬁceﬁ@nngnmd{unynte,tthepredw invientien lfelattsrterth@mﬁommmgnqd metbodiosage

t of t bout dd I
oot her b B Btteing Thid BrilaSh fat o G 1P e 3‘?6&?8%@7& GRS, ooy

nmet hod_ _ of treatl ng, . wherejin the_ |iposone has mean di areter of about 0.2 m

to abol? 1.0 pnin qqatanwmhﬂdﬂlﬁemséhﬁaw% mventlweﬂqtedgdh%aﬁeﬁne&hﬁ@f&mm%t er
of about Oﬁ%er}eﬂmhteﬂpﬁf)ﬁﬂhulgnén H}tsaﬁ&d% arﬁﬁﬂfé&h\% I%tl& %}"B‘tg’ou@B(SUf 1Ole§§ p m

In certain embodiments, the present invention relates to the aforementioned method,

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

comprises DPPC and cholesterol, and the lipid to antiinfective ratio is about 1:1 or less.

20 In another embodiment, the present invention relates to a method of treating
pulmonary infections in a patient in need thereof comprising administering to the patient a
therapeutically effective amount of a liposomal antiinfective formulation comprising a lipid
formulation and an antiinfective, wherein 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

25 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 pm to about 0.5 pum,

30  orabout 0.2 um to about 0.3 pm,
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i nvention relates to the aforenenti oned nethod of treating, wherein the
pul monary WORMGOLWA0 i s a result of cystic fibrosis. In aﬁ@’?/ﬁ@?“oé’fﬁ?@%ﬂ ment ,
the present invention relates to the aforenentioned nethod of treating,

wherein the wei ' o W] . L,k L VE 4 0 t
0,5:1, 5 about %%o %} g%gg«ﬁm%hg '&%ﬁg%egﬂ@'vérﬂ%ﬁﬁ %faﬁagé%ﬁlegﬁcg’:é@,e ﬂ%cgnegg%eﬁl?o%i lto
about 0. 5: df trdating,nhidpein tsndtionytinfettivn ip aessittoficpstierfibrosis.r el ates to the

af orenenti oned nethod of treating, wherein the antiinfective is sel ected

from the foll ovinWotlRR eRBbARhY ERSireRnt RvedtRinrelkieshé (IR afdrefiehfiGitaFhdiod
p- am nobenzoi ¢ acid, a diam nopyrimdine, a quinolone, a {3% | actam a

( 3- 1 act am efriteating.3vhesein dhmweightiiatio of bpid te mnibinfestienis@bput 43bta diont 0.45,
iy ! S e ® m ¢l ind . ] ! ds.
oy o acy e 3RBT8RO RN, LR g O

baciiracln, SR, LLEATR o SRATB L, S ATRE S A oL
pol Yone S ) BRI SR ot AR i e

t ohi af t at etetra@fclihé, awadlfoadmide phmaiobBrzoidicid; Atiarhidibop imidine, @Q&inoldheampl her
embodi ment, the antiinfective is an am noglycoside. In another enbodi nent,
t he anti i nlactem, a$-lastamrdndaad-testamase inbibiter, aplienisol, peninidling, eephatosparinent i on

| at to the af ti d. met hod .of tr.eati in.the lipid
For il | OhRGTAGR o OCHYEiR, PR Cori R EH R RGBT RRREROYHE. | | i ds

t hat make inl B,Rlo ' i8acd lisdieash bl not her
oo di e PGB, E%ti"éﬁe%‘%@’f"?ﬁéﬁ%f it ‘F?‘*&?‘%‘;  §ifambioR T

enmbodi nent ¢thionamidepaniirfosalivylia a¢idscyclosenns, sggeenytinssutfongicthfatimizeot her
enbodi nent , the lipid.formul.ati on_conpr.ises. terol.. In t her

enbod ment Baance i oty e i dinegh COSprPS EaidBele HAIE B RREEBIS 11 anot ner
enbodi ment terdol®;d1E, BRRIEbnABYEAE lofifax, 8lcRipdx ofankifle, ﬁ%@&ﬁgﬁf)m@ﬂ% REifed  of

treating, wherein the antiinfective is amkacin, a e |ipi d.’forrrul ation
conpr i Ees ®z&iHRE, ancbndhivitionttheredf, Ihancther dmehodimergdiheentiinfactize fsrass ent

invention relates to the aforenentioned net.had.. of treat.ing, wherein the
ot 1t act FooRS ety ol SRR RS e hgretive s SRERAANC: i nfect i ve | <
about 4:1 to about 1:1, and the lipid fornmulation conprises DPPC and
chol esterol . | ninganofher epbpdigienh dheasent inyentyos ramesﬁa%?e&fw@n&%wdsn%h%

about‘ 1:1, oizﬁ'éatihg, Wk the ﬁpid%rrfﬁﬁ?t?gn co?rﬂoﬁjs'es]neutral lipids. In another embodiment,
the lipids that make up the lipid formulation are all neutral lipids. In another embodiment,

20 the liposome is free of anionic lipids. In another embodiment, the lipid formulation
comprises a phospholipid. In another embodiment, the lipid formulation comprises a sterol.

In another embodiment, the lipid formulation comprises DPPC and cholesterol.

In another embodiment, the present invention relates to the aforementioned method
of treating, wherein the antiinfective is amikacin, and the lipid formulation comprises
25 ° DPPC and cholesterol.

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

30 I: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
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I n anot her enbodi nent, the present invention relates to the aforenentioned
nmethod of treating, wherein the antiinfective is amkacin, the weight ratio
of |ipid tWOoammoieective is -g WO 2007/011940 PCT/ US20B6TH37860278%hout 4: 1
to about 1:1, the lipid formulation conprises DPPC and chol esterol, and the

| monary | b ' EESE [ s b1S¢ . odi nent ,
Phe i ght MoarFS O AbbR 151 IS e kbR ahd olghbeha B CT, T
| n anot herpwmbnatiyiefettior isa rpsudiseitystionfiterodis.on o frtheeembalimbe, thieovedginmiticoned

method 5 of tr i ng, rein the antiinfective is am kacin, the weight
ratio of |ﬁSﬁP%r-ltt%gf%ﬂﬂgqoilmicfﬁl&%ab@t?' b8hiﬂ°oll?.t lto about 0.5:1, the lipid
formul ati on conprises DPPC and chol esterol, and the |[|iposone_has a nean
di anet er of aboltangther pmbedizeat theapresept inventipngelates to the adorgmentianed methade nean

anot hers ertisintro sl e aBRth ot iR, Beiet b AR it diRis "
method _10gb 4719akbo 0. MRS ipid!hmeiion ohesisby BPPE aiickateditrol Whe taei ght

ratio of lipid to antiinfective is about 4:1 to about 0.5:1, the lipid
f or nul at i olipasomphasamedPR@nzatet aflabdus £k lepmlito abdug 0. putnndmafyrthen embodiorent,s t he

result of cystic fibrosis, and the |jposome has_a nmean di ageter of about
0.1 mto alibdean dismtenis about e ieto abeisied t?r%bﬂgt%m@iaéﬁa&?m about
0.2 m to about 0.5 m or about 0.2 mto about 0.3 m 15 These enbodi nents
of the present Innnether embodintest, theprestnhiwrentiongalatestie the afergmentéened arathod

hat T off diBpe S8 T BRRGEMye i AhsP R, R S Lo s MR K RnBRfed .o
sectional ghoaghand aboiites: $aHE Upld¥orhilbidrS@Riprises DRPCEME Tholektbld], St i C

fibrosis. 20 Figure 2 depicts the graphical representation of the targeting
and depot pylmeparydnfection isdhenxgsalt of ¢ystipfibrosist anidrithe Hposome ris gumess dianegier of

(ol B oBbeRGERLERSL B ShoABEH SRR oR mARERLA b TARH” o
25 "posonﬁlﬁleWB?ﬁP%r?@dﬁ% }quggb&g@_@ cin. Figure 6 depicts data on

free or conp exed _|ﬁro oxacin. Fgure épicts a graphi cal representation
of dr UPS reside Mfest %mtbggin!lelﬁrt]sgo%g SI%SCH\{ z1inrv|er?tlilc§n, %ﬁ'lselr gl%bg&ipn%%%l, &1 their features
and characteristics, will be apparent from the description, drawings and claims that follow.

Brief Description of the Drawings

Figure 1 depicts the cross sectional diagram of the sputum/biofilm seen in patients

with cystic fibrosis.

20 Figure 2 depicts the graphical representation of the targeting and depot effect of the

drug of the present invention.

Figures 3 and 4 depict graphical representations of bacteriology of amikacin in

various forms.

Figure 5 depicts a graphical representation of sustained release for

25  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

30 liposomal antiinfective formulations.



Figure 8 depicts graphically the two-streamin-Iline infusion process of
preparing 30 liposomal antiinfective formulations. -9 WO 2007/011940

PCT/ USZOOQ{,B;J@%%%&H gure 9 depicts mscibili ty of am kagb? U%%OE;/@;?%S%VI

et hanol / ines represent maxi mal am | cacin concentration
m sci ble with ethanol solution at roomtenperature (RT) and 40C. At higher
concentr at i ons Eigitre@depicts anisebility efomikocn biltabe Withte&wollevakBacbmmmepfe)sentMi ch

| at rt | [ th 5 {rat
| n the' | | RBFEPhRRIGER Fo R (N aPEblea0E) B8, 25 LEF 8Heoar BEPOHHE ng
watter 2005081755 4088 A higfleRRREL AL IRER ISHAY s RURTIARA pfllssCl 0ses a

lipid for tion conprising an antilnfective ze and lipidto

drug rati ofcoaceeyateshlwitch Ialtarprmlﬁwmwslcyystaﬂwmmiﬂlémps sisgnéthadd) I nvention
al so di scl oses a nethod of prepari.ng these | I&Qd faormul ati ons.
pi%0f

Def i ni t3 on@om@rﬁaé@n%meémmnﬂ@ﬁ@r R IHERIg PREs) and aﬁ%aq&%wr

I nvention éﬁ%@ nterms enployed in the specification, exanples and
appended c%al are col l ected here. These definitions should be read in
light of the remai nder of the di sglb @?I«f and. nderstood as by a 15 person of
skill in the art. Unless defined dtf Q@mﬁ *technical and scientific
ternms used herein have,the sane neaning as commonly understoqgd by a person

of ordinary skiThepresanhinvention disglasesadipid @gmulatﬂmaﬁ@nplaﬁngalaéntug@ ¥ferein to
refer to O?Eergfn 9s1?95§dsﬁyﬂﬁq r(aﬁosearFEﬁau n Aenl @10?@?%9\%”?5 gippat i cal

obj ect of e ar exa enen neans e el enent

or norH t himventivh adoadisuddses Ilneeﬂhc&hbﬁprépaﬂag&ldsahpﬁ formsulationst ecogni zed and
refers to a formof the subject invention that allows for it, or a portion

of the ampunpegsiba stered, to be absorbed by, incorporated to, or
ot herwi se physiologically available to a subject or patient to whomit is

adm ni stered. 2po tha, LEELTR b ' &de%%lﬁibﬁ erﬁl%igﬁéégﬁt in¥érdtiodS a'iﬂ}e{rﬁ%g od

i nclusi ve, open sense, neaning that a I ona ements may’ be 1 nclu
The terns tmplogabnlthe qﬁblm:a‘doﬂ @mmplfesllmd appghdwlrcémnsfam solteoted disrer (Fthiesmn of

:2: : : 21]: :g: it goz c?qr% sixwﬁd %lé rrcz,a mn hg{mt otl tgcle lderga?ﬁsd%r oI’ &r rEusc ts{u%nand uny gr%{ogél Ogy gf
15  person of skill in the art. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by a person of ordinary skill in the

art.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e. to
at least one) of the grammatical object of the article. By way of example, “an element”

20  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.

25 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

30 space between two bilayers, or capture of aniinfectives in the space surrounded by the inner

most bilayer or monolayer.
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interstitial region of bilayers or between two nonol ayers, capture of
antiinfectives in the 30 space between two bilayers, or capture of

ani i nf ect m@2007/011942 space surrounded by the inner nDstP<EJT/U&2ﬁ@¢/026$59

nonol ayer. -10 WD 20071011940 PCT/ US2006/ 027859 The term i ncI uding" is
used herein to a "imcl Jng but l.imted tq. ncl.u and, . .,
"including but B {ng ér@egggﬁelpnpewmnd%caﬁ%}g elllrﬁ’fqeq itDi-d
anti i nf ectiyguding *mtdaqltattumg Biit nok liRiiRA td 42 agédllﬁ@rchaﬂgeabty p- An di scussed
herein is any formof antiinfective conposition where at '| east about 1% by 5
wei ght of the [ Wi el Ik nwpart of a
conplex with tﬁlglte t%rm ‘ilg;ﬁtlXx?tnhfecﬁ?fﬂ)?fggfgﬁgn,vﬁté'r"Iéfphaﬁtﬂﬂgﬁd[tﬂfgi thr Efp ﬂf/l be in the

aqueous pliissassed htafem 13yaely Geodf antmtfedtmebmpbaaen ahemtat idast abbuer%wl al

headgr oup re&Bon of the |jpqgsomal, bil aé‘{ Pref erably, ;92 I east about 5%
or at Peadtei@¥eftheamiiinfastivads pssaciated patkthobinid eitheras pag ol complax withthecan be
SO assocCi e i er
where: 1 piiiid 5 8§ BEPRAEGE e BRRS Mibe 1RERAEAL s %%@%ﬁﬂdrﬁpltdbé

antiinf ectbllusaerl;mat,emﬁdnﬂaefmtetfhahleheaﬂgrohp M@n@ﬂthaﬁposontaﬂabﬂayee Prferublgfdton” is
alipid antiinfective fornulation wherein the |i formylation is the form

of a I|i podeaskabonka’y eF ahleashabant 1070 oxaidenst about %@J/%a?rtat I%sﬂa%%%eﬁap bganmmal s

| ude h g el
ol Ude N0 ciar ARG oY 05 ees B By A A NG ok W AP ICN S
the subj edipidvessocidtedmyitiinfative is iefainedant figs antinfetive Bunte fltawalA The term

"phar maceutlcal I% accept able salts" is_ art-recognized and refers to the
rel ati vel ylipesermadapiiniecHye amulation gissy lipd petiipfecvetosmnuiagian sderedn e lipid

conpound t hose contained in conpositions of the
csent A tﬂﬁt‘i.on@%tﬁﬁwff TBORIES. ene it st on- is A provess that |

present inv ent |nfu5|on is a process that includes
di ssolving one qr .norg lip in a.s ef er m ni,mal unt of a
br ocess compat | Diedeh paal s Ky i e st ey Hyrmsral GetndR fimans, >

( pr ef er ablptindat& bWiheN) pordiifés,  ARihef delints, aano&att%Ingintce agdrAgueous nedi um
cont ai ni ng bi oacti ve agents. TyplcaIIy a process conpatlble solvent is one

Compostti on t har Tacaoreltef GHHERR B aRah e it ARy mR ither

I nfusion, a/hm:hamhmndiumanfauﬂnain being preferred. Al cohol s are preferred as
solvents. "Ethanol infusion," a type of solvent infusion, is a process that

i ncl U?es di ssolTMertem® MshadthadBafi€ally-dceistable saltsS iPart-recBEizal atd nfam i thel
anoun

relatively non-toxic, inorganic and organic acid addition salts of compounds, including, for

example, those contained in compositions of the present invention.

20 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

25  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

30 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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of ethanol to forma lipid solution and then adding the solution to an
aqueous nmedi um contai ning bioactive agents. A "small" amunt of sol ve S
an anount YWQMIA0IBYHE with 30 fornming |i posones or lipid E%WHF@Q@%Z s the

i nfusion process. The term "solvent infusion” may also include an in-line

i nfusi on pr ocesppaaRh e sIBARNRRIPHRES @aﬂfrwogﬂr bR reBRERONSIAS anuft dr'16s!
m xed in-line. -11 WO 20071011940 PCT/ US2 /027859 The term "substantially

free' Is art I PR othoRiduELRNP it B deddehith bnd iR to Ay dftffical mbiy ! o7 M

"t herapeutic agent rec ni ze ers 0 any hem ca ty that

is a biol otganalalbyologrbm @hpgologichlyy oophammasﬁagmhlmacmb Isybsamicevlmt a¢thst ance
that acts :ﬁ al | ailSt emcally_in a su %hg of therapeut iC
agent s, al ‘o6l Ft@’@]“‘{ yana S‘Sble“dr @&mpleap @QE‘I"‘F ﬁsn %equQ

it t ‘dr k
et o Zr?éree‘ s AR UERrtd Ty R i eeionotd hchial HVBRE 1l b, | 1 e,
wi t hout | i PhysiiangMeskBdifaremeensrsl Thei lermal&lognahﬁaals of Therhpeutios, Sandshdyst ances

used for the treatnment, prevengion, diagnosis, cure or mtigation of a

di sease orinludg.¥ithout Ninitatiom daedicyments; ¥it4taias; minsral synplenagnds; SRbstances v6f of
t he body; re active
after t hey aave‘%been aceél%H agﬁ%ﬁﬁgéﬂ?m&t%hS@hthﬁ%&ngn ﬂH{Fﬁ%D hr ase

"t her apeut subaﬂahqeseﬂﬁacﬁﬂfm ﬂ&rmuamf:b omnmdaflnlwlmdy, ﬂmﬁairﬁibawmﬁémef a
Qr conposi tion caonprising a_lipid antrrnfectrve

conpound, rra eri

for mul ¥t i oo %&@ﬁr asthee qrdn@ﬁ@c%reeaé’@ﬁfhemh@%wearplw«rd@ha paysiglegiedli ve for
produci ng éﬂ’ﬁ%n&t red therapeut ic 15 effect by inhibiting pul nonary

i nfections erm treat| ng" is art-recognized and refers to curing as

wel | as amrel i or at“ eas tom of,,a ndition di sea The
Uorm norantt no- T BffeflemerBARoARTRATE Rfibdle: MNsARg kB dhaGRERS: .
agai nst or, geByamd, ﬁﬁafeﬁﬁlj ok b&ﬁp@s’itldill RRPIRIngZ: hp‘hﬂ'hﬁt‘uﬁfe@ﬁf/é esufition
Antiinfectives are agents t hat™ act Cgal nst 1 nfections, such as bacterial,

mycobact er #cgprdingiiegthe progent anvestiopwhicaiseffeating &orpredusingrsenis desised thowpewisv er ed
by the . inyven onr Iud but ar limted to am noglycosides (e.g.,
st reptgrryc?tﬁecttb mqnggrlgﬁeﬁﬁplhs am kacin, netilmcin, kanarrycr n, and

et hacycl | _ntee”iﬁ%“ ' ”‘rrﬁ g Rn R e i BTk 9 Gh PN o o
sul fani | amed ons W:hAGkAGE A conlikibARR iRARY 7R emsweéﬁﬁg%%%fers to.

prophylactic treating which acts to defend against or prevent a condition or disease.

2. Anfiinfectives

20 Antiinfectives are agents that act against infections, such as bacterial,
mycobacterial, fungal, viral or protozoal infections. Antiinfectives covered by the
invention include but are not limited to aminoglycosides (e.g., streptomycin, gentamicin,
tobramycin, amikacin, netilmicin, kanamycin, and the like), tetracyclines (such as
chlortetracycline, oxytetracycline, methacycline, doxycycline, minocycline and the like),

25  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,

30  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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sul facetam de, and the |ike), paraam nobenzoic acid, diam nopyrim dines
(such as trinethoprim often used in conjunction wth sulfanmethoxazol e,
pyrazi nam\W0,20¢#d1948e |i ke), qui nol ones (such as nal i di YCI/EEIW/02WB5Nhoxaci n,
ci profloxacin and norfloxacin and the .like), penicillins (such as

cilli 1 I ﬁ
Parbeni of 1 PoahaRt flordding cofHRifin clpRaniBF ATl g MERROPIEbA bderclidp, |
pi peracil | béphahaspbriﬂse(sudhldse}afao]me,maﬁﬂdndolas@fdsmadséaﬂsmnﬁetn:meﬂahId&ﬁ(rsxiﬁi& as
methicillin, oxaC|II|n cloxacillin, ?IC|OX cillin, nafcillin and the

like), firSefugaias atstidrrelnpRatlesarrsh Iqracrbelaceloranida, and the like)othyg
2007/ 01194
cephapiri ng A(?gli o??l%?l%ﬁ&s%%éﬁ?ﬁsucﬁgi%é?&ﬁ@g%ﬁ@?k?ﬁ%&ﬁgh&h%gspdri ns

(such a$ ceéfatdxone, ceftizidinie] o¢ftximepdefipudokithe, ceftibuteh) and thefikd)potaer betsf ur oxi e,

cefuroxime axetil|; cefinetazole, cefprozil, |oracarbef ceforam de, and the
like), thifagt m&éﬁ&h@@ﬂ@@@é@hmewsmm,@tre@@ah clayulegiceasidysulba@im@per azone,

f ot , f pod ,
Cof ot o e ot O e o SR B0 R A BB R AL, 21 Pocion e,
azt reonam chlogwipheriicol, atdiceolides (suek baenythrérayceih; aazitb:mn}a:m cldimrbm&em, and the

bet al act amgse j.nhi bitors (such as c]avul ani ¢ acid) chl orarrpherl I col ,
macr ol i des like),ircoruycE FHAGMYGR, FPeEHPMyFB Ry RYXia| %rndm@ms&m 88nd t he

i ke n C n ch
a!s 12) pég): yﬁglﬂﬁﬁk&,AB‘%’ %qg’?@ Sé%lo é%’l n ’Bgﬁédc})erEg,b’/c {h@ ﬁe) %Cfo%r{lrlr’lcxI a?\d(tsﬁe
l'i ke) coli stncomycinabsoitiyuin, ﬁsod‘i)&@d rifanpin, cthanbutel; btl].iorratﬁlaénmﬂmselﬁmmmﬁpl

et hi onam de, am nosalicylic acid,  cycloserine, capreonycin, sulfones (such
as dapsone CYlQHerBG SARTCGBYYF ihn Fulfangs (Sﬁéh 25 dapyone, sylisxane pediam, anddhe Hkadi de, or

any ot her apfel RAGEehbRdo g@”&r aﬂlp%ihe?ﬁt&lt}ﬁgt #hlpdglg ﬁﬂﬁtgdﬁﬁg gl{on encapsulated. gal s

\

Antiinfectives can’ inc ant1 fungal agent's yen

(such as 13nsinfeuives cai mclee aytifungdl lagenmﬁrmhwmglpolgmb dnltuﬁlﬂgals@uchfab ucyt osi ne,
i m dazol es such as_nh- ticgonazole, clotri maa3 econaz | cet oconazol e,
and thé&d| | a@y otﬁmlai?ow@,ta%a@wna@m .‘%@5#& CY"PFIHBdWé‘%éPES (s e | ke),
griseofulv CAbRF | am ne,

hal opr ogi nltet% ﬁlgTét?ate ﬁlgf ttg‘jf‘bgﬂﬁdea | na{elr%ﬁ@fﬂce Ay’ ot erélgnt |9fungal t hat

can be i pitchcomezales fiedmdoley armkihpilkebeghseﬁftﬁ‘nn,stmoonamﬂﬂj buhmomzalemlcéeplmme

directed prjmarlly 20 t rd am k C|nb he sco of -the e
not i nt endEWAQPEOK Slanting.elporegiip Banala, ferbigets Hb?—‘i%?tsg‘p tinea tﬁgs can

be used. Papd B&hﬁﬁ’éﬁé’ag@ﬁﬁlﬁfeﬁro& %Gm?@&éd Tf1§‘c‘&§§18 d el fé&iﬁr&lte?&‘re%‘i‘e&%bﬁﬁﬁﬁlﬂes

t he qui nol ones t he yene antftungals an e po
20 toward amikacin but the scope of the application is not intended to be limited to this

antiinfective. Combinations of drugs can be used.

Particularly preferred antiinfectives include the aminoglycosides, the quinolones,

the polyene antifungals and the polymyxius.

Also included as suitable antiinfectives used in the iipid antiinfective formulations
25  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,
30 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 /lk and , each tautomeric form is contemplated as being included within this
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Al so included as suitable antiinfectives used in the lipid antiinfective
formul ations 25 of the present invention are pharnaceutically acceptable
addi ti on swOte0TMth4eonpl exes of antiinfectives. |n caseBCRASZWOA278H:
conpounds may have one or nore chiral centers, unless specified, the
present in ' | wEOL }C wel S . each
i que. nont enadt WHEMB! 3Ry Bl B b IARET I b RA Y Ropftprilfe shpdfuich
unsat ur at edith®'bThe nrakiog ofl amosubstitaactst anyB3éhemttrrérive icindefefdestrod itsr ans (E)
i somers are within the scope.of this invention. In cases wherein the

anti i nf ect MaRINgRy ag¥ pther supstitighicrasaning at 3y othey ORCHENCEet 0- enol  t aut oner s,
such 0 OR as and each tautoneric formis contenpl ated as bei ng included
within this -13lsainclodstias sudatde paiinfsstiosewebingbe lipidransinfecive founatlations

exi sti in ui li br.ium.or | ocked in.one f.ormby a opj.i ate substi.tutjon
wtn R TheBRdmsprdimiah oo gRet BLRE PR oiwaBR opdivee P SShidik ndent
of its Tegy b Why ce¥al Brded crriRfl Whikle fleaSe fRABH Adpardht o%ﬁv}boﬁﬁd‘ﬁ{ vivo. .
occurrence. Al sO included as suitable antiinfectives used in the lipid

antiinfective, o 4905, © of the present invention are prodrugs of the

pl ati num compoun s are considered to be any covalently bonded
' whi ch rel t ti. ‘ent ) i i VQ. Pul
ot ect i one Arondote ppmeley YR SRRk I AHRE cofopaient prtialde
patients) {babd %&R themethb@aé e WMviehtidl e PRéUdSHONS (cld\eP.idevahdsanpar e
p

e
Pseudononas (e.g., P. aerug* nosa, P. 10 paucinobilis, P. putida, P.
f | uor ek& enpaucimdbipis, Faputidy .ﬂuquscm,apﬂﬁ@ctd@wmw), sphyledacrainr esi st ant

St aphyl oco S aureu S, strept oco lo AGT RCl udi n t r ept ococcus
neunoni acMetRe TG MEppfocSeq s PERsal, BBl Eeie Bkl

Haemophi | uStreplBédeiciy ﬁeﬂ%ﬁﬁzé),%&M%%dlz?lf%%ﬂ&}%t&r%aqt&, SeRRAg! a, B.
gladioli, B. nmultivorans, B. vietnamensis, M/ cobacteriumtuberculosis, M

avi um conpHegmophilsy, Xersinis pesos Buzaki!deria psewdgseiiciy\Bacepacia/B. gladiwiisBi | M
xenopi, M tinum oM. ulcerans,. o, M . fqrfuitum l.ex (M, fartut.um and
v ohel oneT T RPAR B olighar ehii oyt ibatferivh dueolioSTh A SR cbiorer Bl ot
presents i Ny&iRin A MMOARLERRRre), WERRshsaf Mt £ 8RpITBN tmarGRih) MLSiI8Gamsdp M, st at i on

of a therapeutically effective amount of a lipid antiinfective 20
f or mul at i ofprtuitum complex (M. fortuitum and M. chelonei) infections.

4. Methods of Treatment

In one embodiment the present invention comprises a method of treatment
comprising administration of a therapeutically effective amount of a lipid antiinfective

20  formulation.

Where no specific dosage is provided below, the preferred dosage of the invention is
50% or less, 35%|or less, 20% or less, or 10% or less, of the minimum free drug (which of
course can be a sailt) amount that is effective, if delivered to the lungs via a nebulizer, to
reduce the CFU count in the lungs by one order of magnitude over the course of a 14-day
25  treatment. The comparative free drug amount is the cumulative amount that would 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

30  respect to such animal.
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Where no specific dosage is provided below, the preferred dosage of the

invention is 50%or less, 35%or less, 20%or less, or 10%or |less, of the
M ni mum f MR 2W70E9%Whi ch of course can be a salt) amounPCTHSF0F/82783% oct i ve,
if delivered to the lungs via a nebulizer, to reduce the CFU count in the

| ungs by one orfg! J@ingReahdI réi&%lytd?ﬁe%‘a%lﬁ?legé. Br%éfeﬂ'é& ﬁl%ﬁo&iﬁx%ﬁﬁ,”%xgt sed

The conparative free drug anmount 1s the cunmul ative arount that wou

in the dosdasingmehédnde mpmce exerywthier ddye every thindidayn ewdry steekyrordésst Fer éxaumid,i on.
The conparati,ve m.nimum free drug defined in.thi aragraph is a

" Compar at 1 P dpiae SCHEHHI A bR vory PHIST FBFETGRSS, REBE POV SBIS8a1 IS PRPERtivhe

i nventi on £aihE aRaet. VoL fordimpR! ﬂ%'dosi#%@%%gﬁmsﬁ[gaﬁ% oPes§lofamNS.

Rel ati ve amounts In a given animal are asure 30 respect to such
ani mal .5 - lebnw@rade T itoy ampan/ O82Biperd 37889 fof inuhddata ghawing thet ehei lipid

< once. e EIBtE oHRy ot PR BRI pore e Bee HRte Yol o,

t he dosi ng schedul e can be every other daé or less, usi nﬂ 50% or | ess of the
conparative frEetrgatuafeatignsnthe etfectiviemasrbedihe antiiniective WHbe rsogazeddy v

For "ani ol U B8 kit o SRR bt o35, Ml ARl SRL MLyl 1O

present i nyRIYrinidte 8y@ptoRiscofahd diseusé Soight o ttdaedior @ ¢bndition sbogltieBs
i nfections, the effective amount of the antiinfective will be recognized by

cl i ni chi%ansavgidedios dteatgdsorda otheswise prodnesa plinically reeagmizablecharge indhee| i or at e,

et oa. orbiiaoB) e ABRRedh oo JAREETR08 el rFRRE sl e 3p o wi s

produce a gveriyedlihfEcticRan ahiaal catddprgshyldetichlyy. athsiheabodimdnls till sease or
condition. Anelioration includes reducing the incidence or: severity of

i nf ect i onscifastive pmanst is paaeifestive plrgat ar ameligrpty aftensysentomp af bngdefeetion s, t he

effective ' ef t] b rgat . ' t .S of
Pung i nf eciivg aaber, TaUiftalf ol b Bainfonts. B i MM B e Uk U TR,
amount13 s fneliozitt ded avetagedndid@t opsevéfityastehfcotidisen biitnadiedadagie | nci dence or
severity of infections in animals treated  prophylactically (as neasured by

st ati sti caprophylastically (asimpensuied by statistirat studist)d del i very systens can be
adm ni stered for inhalation either as a nebulized spray, powder, or
aerosol, or by Lippseméeretherdind delsternsystems dan baladmirgstered dor inhalaticon ¢ithas ar e

f d. Th A | | l.t i | fr 1 Nj | d 20
Cnhanced. {1l SR CoRr B EgmpepitreL 3% py oy S nREn e P, OF (1

drug.  administrations are preferred. The overall result is a less frequent administration and an

20  enhanced therapeutic index compared to free drug or parenteral form of the drug.
Liposomes or other lipid formulations are particularly advantageous due to their ability to

protect the drug while being compatible with the lung lining or lung surfactant.

The present invention includes methods for treatment of pulmonary gram-negative
infections. One usefully treated infection is chronic pseudomonal infection in CF patients.

- 25 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

30 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 appfoximately 30 to 50 mg every other

day or every third day.
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Li posonmes or other lipid formulations are particul arly advantageous due to
their ability to protect the drug while being conpatible wth the |ung

i ni ng or WQu20§7/811p40act ant . The present invention incl ud ECTHEY AL 7858 ¢
treatment of pul nonary gram negative infections. One usefully treated

Lpng;%gtn 55; 2;}_{.99:%21 Eo%ghjlgsognal infection in CF patients. 25 Known
(such as in CF pati ents) wi th am nogl ycosi de
|1 K
O o e RO PR BRGRS IO Bk MR S Sl S

treat ment @Mﬂﬁﬁ&bﬂhﬁﬁﬁ[lyflﬂcuﬂn&lgﬁpﬁis lﬁélﬁﬁmgrpﬁdslﬂmlﬁﬂb NB6dpherdd) st¥Ebidy, fitgss of
am kacin per day (or normalize ng‘p or less if dosi ng less
€

frequent). acudra, glef@omtgmsesncl@%@ihmmmnom msgmdaaﬁmmc bpldsoThghpids BBYybess of

S e st dRoniZ, R LE oné BitpddinBle th BRPFISINARR A bRy fipe,

i's perfor ngfhniohitelipiBS  In cﬁfeeehﬁfoaﬁﬂexﬁ the Hpideroima et ¢o€i@ﬁxs@@lampln§ﬁt&aaulpma of

approximately 30 to 50 ng every ot her day or every third day.
2007/ 01194n m@tmwabmﬁmaﬂgwlpléformu;ﬂﬁag issfier of mmhmdsrhhl anopiwds used in

h h h
or natur Sf%ré' ety kB oG s B R € ProfnsBd B "' €
steroids, gg%ﬁlbﬁﬂ)atlﬂyhgmﬁf&(@(?s eStistbspRatillyliHodiial (BT, @gkC | i pids and

cationic |1 pids anionic, cationic, or neutral. In one

enbodi ¥ent phospleaurlybmner &Hﬁn mmspimudzle@amtmme. (BPE), and egg phesphatidinadid | i pi ds.

anot ner A ko3 kit KRRl §#‘5ﬁ97§" GBSy B SRl 1T
pnosphat | Gyl chol 1 he> zﬂé‘%éi ' ﬁd'sé%osdé?ﬂwat R Ce e suslngs o

phosphat i dlyxadmmcbﬁezster lalmges of tylamqgrm) ReandByofglygened p(osmgps contalmng

hosphati dyl eth hosphat i di d
P oot or par SHetts g9 5.2k BRRbRalohis R G theBad Bigihs e I Sofrio B aboerhliBa Ol
the hygy OgﬁBﬁHEthﬂﬁﬂ g‘l@é'erép){lﬁnsﬁ@v E’érﬁfepﬁﬁén%lafrﬁng, as WSS thé R Fsporikie

phosphol i pi ds nade ester [inkages of fatty acids in the 2 and 3 of
gl ycerol pelwsphatidic éﬁh@‘lqliglns oh ghese fadty agidscan h@satmatydwranmar&dmrdm erent

oS ?B?’”p@koﬂ'ﬁh‘%l??de%%ifhé#ﬁoﬁpeoff ) Y5 & it b B And Rl aedtbel 5l O
aci ds. Theofalngatiftien. Ipatchlat, &he@ﬁipaé‘m@ﬁdbme Serhinla{oas c&l indhget ur at ed, and

t he phospholipid can be made up of fatty acids of different chain Iengt hs
and di f f er dipglmdieyipbesphatidylcholine (DPPC), a major constituent of naturally-occurring lung

_:,__)

20 - surfactant as well as dioleoylphosphatidylcholine (DOPC). Other examples include
dimyristoylphosphatidylcholine (DMPC) and dimyristoylphosphatidylglycerol (DMPG)
dipalmitoylphosphatidcholine (DPPC) and dipalmitoylphosphatidylglycerol (DPPG)
distearoylphosphatidylcholine (DSPC) and distearoylphosphatidylglycerol (DSPG),
dioleylphosphatidylethanolamine (DOPE) and mixed phospholipids like

25  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),
30 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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of unsaturation. In particular, the conpositions of the fornulations can
I ncl ude dlvg(ghnl to% &)hosphat I dyl choline (DPPC), a major constituent of
nat ur al | y W14 | ung 20 surfactant as well as PCT/U52°°6/027859

di ol eoyl phosphat i dyl choline (DOPC). O her exanpl es include

di ristodl péth h béHudi mp 16hi ' SHYBRAL | er ol
(Dlrrv}F/’G y laI m to osf)dtit}}gt | dctltlgl I ne e %:ﬂiltg%’{jétﬁﬁphé@h@ E(ﬁFEBj e

di gagnl toy lptcmr@p;mthylnl;@sghw,l@:lmﬁ ") (Zdﬁédie(_ar(zyp?nﬁmnﬁbxwémrfhd;ﬂﬂel ( DSPCQ)
i 1 , ‘ .

(DCPE) and A SRSt S 5 anlf o e BCAPRIRS Ak bt 1 vl chol i ne

(PSPC) and(tadletiylagith6ili6 fcpah@ UD@IIM’I)I By hplve 6f féroidsAidtiedo c}fttéswlaﬁhycer ol ,

di acyl gl ycerol, "serani osi ne, onyelln and s acyl at ed

phoz phol i p(PTQQStﬁﬂOkeEXﬂlmdeS(ﬂfd%ﬂ %&So%h%@ﬂ@@l stie¢lade BME(e, I@RR&FDSPGhe | i pi ds

ai yeer | desD MR BRI DRrL B PRPLOAES Bees SRIPAES BP% BEG, s (pas).

30 phosphopgb qj@p@r*%gp((PCs) phosphatidylinositols (Pls) and the
phosphat i dyl seri nes ( The fatty acids include fatty acids of carbon

chain |engths Olf, o c%‘i‘tg i @tﬁx%’l%mﬁﬁlgtgqré:ggrrnpg%éﬁﬂg‘;%hggg}h%ﬁg;@ﬁﬂoﬂe

unsat ur at ed. SO Specl es 1 nc ni tyl ami ne,

Izg g r7 }/IOaTg Z%CHMD?JE% glyll/ 118 megqugtalwdlj}ahe ogils mttlttylhﬂgl mmmdlmhliﬁetﬂax(ﬂdfﬁbhagesl 6 WO
785 t P
di pal oyﬁ“dgt Bﬁ%%ﬁééﬁ%ﬁe,qﬁglel( “ SCt%&ggrhll‘gt@gP@Pec O{?F%WHEG chol i ne
DSEP), N
(N, N, I\Btr ngégﬁ aTer%ﬁé 1(,@1 °ﬂﬁfg§gﬁ?%%¥kﬁ; and ?Q’P%R% deglil glxad)dm?n to

(trinet hyl sdozing pmpclaraggmg@tﬁﬁ[ AR) plafraaolp liretheahstsined mletfse charhetekdstichof thst er ol

and 5 ergpo terol Ieso PGs, PAs, PlIs, PCs d PSs in de DWPG
DPPG, DSP HBP% on BSWAl apjypibe trapsport ofds fOUBtbggon BPPSS fgﬁ SPS, DSPC,

DPPG, I %ﬁ:&te ns
conposed o@ F%?P hsgt&% ﬁ%ﬁﬁ%ﬁég%ssgécﬂl domp%%ﬁ%tdréﬂ nht{f%ff%%élkrgfe y the
cells Imn tttreilbﬂageshmhntamttchlefﬁie\femmtwmcrophages 10 and hel ps to sustain
rel ease of the antiinfective agent in the |lung (Gonzal es-Rothi et al.

(1991)). The nen@bscmésm@b@ﬁ?lemj ¢1§sdd31p$d161tayaﬁmtehﬂardit@s coltAipingRasenaaghedl s, in

addition to redum ng partic ation, can E&aéy arolein the sust ai ned
rel ease chafugerssyqlwne.cEipgsomercanibenmilamelis veseles (nasseshing 8 singlq membrape ¢ he

FHTEI NUREETIENT S e R

membrane bilayers, each separated from the next by an aqueous layer). The bilayer is

20  composed of two lipid monolayers having a hydrophobic "tail" region and a hydrophilic
"head" region. The structure of the membrane bilayer is such that the hydrophobic
(nonpolar) "tails" of the lipid monolayers orient toward the center of the bilayer while the
hydrophilic "heads" orient towards the aqueous phase. Lipid antiinfective formulations are
associations lipid and the antiinfective agent. This association can be covalent, ionic,

25  electrostatic, noncovalent, or steric. These complexes 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
30  lipids wherein the structure entraps a bioactive agent. Such clathrates are included in the

scope of the present invention.
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15 and | eakage characteristics of the formulation. Liposones are conpletely
closed lipid bilayer nenbranes containing an entrapped aqueous vol une.
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2 s SRt RERESTRRCT L Sl NSO BOL B3 Loty kg s: o <
(U.S. Pat. PhioNo45688421)8)Sonatiorkitd henegdeniation ¢4nSe usad to ploduck sodble?82)

di scl ose nethods_for producing nultilanellar |iposones_having substantially
equal 1t eppdaraelag lipasomes drom krger biposasmesi(spee 0 gx@nple NRaphadiopeioeeds,

conpart nents, rﬁpﬁi%g*xgs[?%#a?sws'%ﬁlﬂﬂ fba?- Dedher, ¥%. I‘&te%?ﬁfo?l%ﬁﬁ%&%&ises
preparation of o0lTg nel ['ar~Ti'posonkts by reverseé phase evapor’ati’on.

Uni | armel | aChdprmbtbted., Lipostrae Tecaiot. c1D&4; ppnIM8Ys by a nunber of techni ques,
for exanple, the extrusion of Cullis et al. (U S. Pat. No. 5,008, 050) and

Loughrey et al. Thbofginal liposome preparation of Bangham et al. (J. Mol. Biol., 1965, 13:238-

252) involves suspending phospholipids in .an organic solvent which is then evaporated to

20  dryness leaving a phospholipid film on the reaction vessel. Next, an appropriate amount of
aqueous phase is added, the mixture is allowed to "swell", and the resulting liposomes
which consist of multilamellar vesicles (MLVs) are dispersed by mechanical means. This
preparation provides the basis for the development of the small sonicated unilamellar
vesicles described by Papahadjopoulos et al. (Biochim. Biophys, Acta., 1967, 135:624-

25  638), and large unilamellar vesicles.

Techniques for producing large unilamellar vesicles (LUVs), such as, reverse phase
evaporation, infusion procedures, and detergent dilution, can be used to 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
30 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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Pat. No. 5,059, 421). Sonication and honopgeni zati on can be used to produce

smal l er 15 unilanellar |iposones fromlarger |iposones (see, for exanple,
Paphadj op¥P 397811949 . Bi ochim Biophys. Acta., 135:624PEEFS20068%785Deaner
U S. Patent No. 4,515,736; and Chapman et al., Liposone Technol., 1984, pp.

1-18). The ori gc'g%@f tekhﬂﬁz?/ée%’iﬁat%eemﬂ%%ﬁgﬁgfggﬁgﬁ@?g?g]gﬁﬁh&le thekt formMelyers ©! - .

1965, 13:238- I NVO s suspendin I'n an organi ¢ sol vent
whi ch i s tplese exappmtiah edsitles (REV ) Pypehadjopardos eiql.aUpdh ®apMNal. 44236,871] m on t he

reacti on vessgel . . Next.,. an appropriate anmount of aqueou hase i s added, the
Tt ur o Amgticr elase OF lipGihmich that B §red AT Ghg | R BED AL g UBHABAY! st of
mul til anel i :ar el ' Thi s
preparati oér‘lﬂ élrlgﬁﬁg%sﬁmée%éa@uga{lb}ﬂﬂ% %g@%@@ﬁiog%lge%agm?@@ﬁ}gwg%gl blseoni cated
uni | ameél | gpluribeelled esictks{SPLEUgds dafined pabiald Pap N, 45221803 ko Lértki, eicdli and Bi ophys,

Acta., 1967, 135:624- 25 638), and l.arqge il anel | i cles. .Techni gyes

for pr odyclpﬁlé}. ‘F%P@}PH!HWF é{ﬁ%?l%%@s ‘{}’é%‘?h?fig% U?{:j\%;ﬁo é?éﬁyﬁ I,t° k@%?@eet&hli’ga

evapor at i ofozeh Bhd HaWpdRAORRHMIEFvesIE (FATSIOPTYs dlslidioBoyean be used to
t hese “and ot her net hods

produce | i posones. review o or producing

| i posomes can bg found.in t:h ; ' . r tro .~ Mar cel

DleEker, I nc., r@%"‘@%ﬁ?ﬁ IS{%&&%&@)S%W @#’ér%?ﬁﬁﬁgd%ggafﬁeﬁgﬁ@ %thgggﬂ%ns of which

are i ncor pemhdhedina®s 1eive bBsn Hkties fedipoSetes séspSeifially noffet aig/U.S, $ak980,

Ann. Rev. Bi Of%s. Bi oer&g., 9: 467), theM%ertl nent portions of which are al so
, kene?®il

i n(r:]or plék aLH@L s&liZn issye 3, entitged S teroisia) biPSPWSF@VIaMQ@M@BﬂOZMS?
o . . . _
Fever se. prORdHED Ao 56 (g e PR ot BlcIerl aclf] 405l U RSy ' B

No. 4, 235, énédpsulafing it irCligtsomesd cdrmpasgnashd-fbabples] dad cesfl dafiwativeose
characterized as having substantially ' equal |anellar solute distribution.

Thi s cl assthereof. | plse.cneariatyoffepenticrods & their sratasselublegiervativerbpvedecy asedipes
onophas: clopedparomet, Sedanii bty ha@PNE BT Se5. 575 1o Fountai n. et
al . anlqs fro ?lnd ha\/\;@? gul tilamellar vesicles (FATM.V) as descr‘i bed
above. *"A M&gﬁ%ﬂé&@m&- . and their water sol ubl e derivatives such as
O ool Dok By B e O s OSSR s, 2o
reduci ng. 1 RerERs RRBIGA Bfbecns. PRRORE oo HCHo e isediBE b nre QI ©f
small, preferably minimal, amount of a process compatible solvent to form a lipid
suspension or solution (preferably a solution) and then infusing the solution into an aqueous
20  medium containing the antiinfective. Typically a process compatible solvent is one that can
be washed away in a aqueous process such as dialysis or diafiltration. "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 infusing the
solution into an aqueous medium containing the antiinfective. A "small" amount of solvent
25 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.

30 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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encapsul ating themin |iposones conprising al pha-tocopherol and certain
derivatives thereof. Also, a variety of tocopherols and their wat er soI ubl e

derivatives have been used to formliposones, see Janoff et al "
Pat ent No.W@20MM194& 15 6. Methods of Preparation A pr OEE%US?Q?F ?73?9m ng
Ilposones or I|p|d antiinfective formul ations i.nvolves a solvent I nf usi on"

process. fmaal&ﬂBEE ?éluﬁg‘ﬁlhr fnﬁ&*x‘é@@ﬁt&ﬁ'ﬁ@sﬁe \éhﬁ‘iﬁfé&ﬂ Of‘re % tthc?étg? Jin a

smal |, pre y mnimal, anount a process conpatib eso orma
lipid suspmfmnmdabovasthhsmtfm of preedodutiminloy nextwed. ut i on) and then i nfusing the
solution into an aqueous 20 medi um contai ning the antiinfective. Typically a

process conpati bj séiﬁd:s\/@ﬂtaISOSae(mQ)drétﬁﬁy mameﬂhﬁlsmneed ﬁy@;sehdtnglwmlmwns
process such as sis or diafiltratio i nf usi on, ype of

sol vent : lnﬁ@ﬁh@ﬂ‘ﬁwn?r sIG{3%, %§%6Qm0hl5n8@%é9/6§14é§64 filed dugnss %Z?Qﬁirg | i {al ds
ond o 1 APAREROS R XuR oBtion, ARPHNacteot IR 26 e B £pa® Ut O"

ant i i nf ect kpegificAticrsroEhvhiclaame Widorsdrate® haeiilin it entitetyanount conpati bl e with
formng |iposonmes or |ipid conplexes in the infusi on process. Such

processes are d I 44,
filed August 4E§p‘%%%1§@9rpl|1]|5lgllf§1\?mntg§hcg{s1zaméJc§1 be@féﬁ:&ﬂ%hﬁﬁﬁ bgq‘?%‘%lﬁaéﬁ%@%%% 173

filed Marchuch,as28Bion sdnicBoon alﬁthoatogemmtfbn tedinevies Aidhi araiel kndwh,388, 004,
filed March 2003 i ch,. a lications ar her eb ncor orated b

ot o enoe. Ty ameiisd: by GRSy et Sty B oE Moo et tPoarEshol

sol uti [ t he
ot et o pRE G R é‘?”t%ﬁ*‘ﬁﬁﬁ*@éﬁ%ﬁ@étovﬁ“%‘éé*%“&?‘?étiﬁ%f TRESEBIEAR
2007/ 01194 gerREllySRRAR HORTAASNatE e dthesfiltars mlay: bh ma'de of ahyitirableonateriat mmm

cont ai ni ng .t he ant| I nfectiv Pref er gbl y, S erformed above the
surface of P18 Bt ‘?}t“?taﬁﬂb'ihe samnes andiwlidtisg gfﬁ§ |s%n£t9 PoBFAIYHOBY 1 he

met hods di filed
var o5, o BE4A S8R richs AR kel cIBR ks PR ERRATS ISR RAL My [ i
20, 2002; gmd:refl@/cﬁﬁ@vlﬂﬁﬂmdfthd lﬁ'gh@quesbmte ofﬂte peébied ehteusiapmocdssasatfitions of
whi ch e incor orated E@reln I n EII’ entir # osone or |p|d

For mul B § oRreSsy igatich Beoriaotsnint ien iy Akoinsel: BRTWRRHOBAI St ch as
extrusi on, ,Senhaat Faer agtfthfa@@eftﬁefemmt&@ HRERTIAIAS ot BpGsonfs kBN

and readlly practlce by ordiharily skilled artisans. usi on i nvol ves

passing |i pbsamnheﬂ,—pc&etym(ﬂummmmdeporouﬂaﬁldm nmore tines through filters
havi ng defined pore sizes. The filters are

Liposomes or lipid formulations can also be size reduced by sonication, which

employs sonic energy to disrupt or shear liposomes, which wﬂl spontaneously reform into
20  smaller liposomes. Sonication is conducted by immersing a glass tube containing the

liposome suspension into the sonic epicenter produced in a bath-type sonicator.

Alternatively, a probe type sonicator may be used in which the sonic energy is generated by

vibration of a titanium probe in direct contact with the liposome suspension.

Homogenization and milling apparatii, such as the Gifford Wood homogenizer, Polytron™
25  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

30 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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general ly nmade of polycarbonate, but the filters nmay be nade of any durable

material which does not interact with the |iposones and which is

suf fici enWg 200708190 t 0 al | ow extrusi on under suffici ent PEFESA$/B278Fr ef err ed

filters include "straight through" filters because they generally can

wi t hst and ' r r ; I Rﬁﬁ% | f the 15

present i nifl/lgér%t ?g%%ﬁ?grcﬁgﬁs&psg%ﬁw}?it ggfrlfsﬂlnfg)sv a sg&ggﬁ)ﬁusgfdf &Eéﬁcfﬁlst%bn can

al so use lmsipeedmaller potetsezesharsthe irstiltén oPlos wetemtates of thissfiltestis £h i nvol ves

extruding | i posones through . a branched-pore, type al.um num oxi de porous

filter. Li lmawglgfwlpxe&impvlarlﬂmfl%\‘tm&m@ee lovies sige limyits defiped e theppre

soni cat i Orbizé%&'?l fi d%éorﬁcfﬂ{e?szg&g)[a&?@e di srupt or shear |iposones, which
mal 1er

wi | | spontaneously reforminto r |iposomes. Sonication is

conducteed by i rsin I f ube. contai ni ng the LJ 0 suspensi on into
the soffic epi centéf eﬁgkgq}%‘ggﬁaﬁrﬁhear_’rﬁg CHE P36 f'gin‘fngé?ﬁp&%ﬁé%@m@f Pvely, a
probe typelispRilicabiizablBioletivew@ents BuoMs@Rtihdip1ZHE b%en@d’,l EorBkahplegener at ed by
vibration of "a titanium probe in direct contact with the |iposone

suspensi oranthregyeligenerrdndacikadeids,ean be allevagpd by einployingdrangmembeangiiorf or d Wod
honogeni zer , ..Pol yt.r M 25 or. Mcroflujdizer.,. can al,so be ed to break down
arger | pdis B et i ind el bl D BBt R GaliREE oot B

for mul at i ofdSncrddd® ahBmdctive etdrition 0 MR ligossridll fofnh@liforc an be separated into
honbgeneous popul ati ons using nmethods well known in the art; such as

tangenty al fl ow i ' i el ! gﬁ&al | zed
popul giq on of YYTI gds%{%@gbgﬁelfég?‘g%%}snhgl{’ggl onslﬁelds&pt)llia}gg@g@%gﬁt rodéﬁéﬂ

t angent i al tokictiyallowingrless fteyeereadmimishdtionragd an eshdncabtherapeytipintet.ilan Wit h an
upper and/ or r.size

.o Jimt, Wien two fiJters.of differing sizes, that
i's, havi ngPraslinical apimal studies and ipeqompnarisen lafa@d?%tyémmxcvbé@&#agswim fipidy han
the first ' t —.2(). . .
PCT/ Uszooel%coﬁé@sag gér%hﬁaleer%&%%@eﬁiﬁ{a?%q@ aénéﬁ&glﬁ\gaﬁg{%g;“&%‘%?gtdgnﬁ e tme o
flow filtrgariodshomiyafighadministration fd dvee 24 holraldtegdmgdensld iarthphme tisit zangedan

the first filter. Th t epnt at, f this filt | s..a |i | / | exed
popul gt o HEVRYC SpiSEH hupred bimss thaf obiobramycd. obidifensil iaoremabialiag s es of
the firSt ARl SAAOREACNARP well 385 hotEL Vin & A Gl Bbsied AU it oo e

probl ens assocli a Wi t I crent entrapnent o I'I ' pop c ionizable
bi oact i ve psgaddraorss dffectionaseen meOP patidnts; liposoniad amilacinexasghown to arghificantiyc| i nes

or vinca alkal oids,. can be alleyviated by enpl oyi ng transnenbrane ion
gr adi ent s. chaainge the oAl %&ﬁwﬁaﬁms a‘ﬁl@aﬁelppgragvép P%ﬁ@w&[yﬁaﬁéesgr adi ent s

can al so act i ) .
Lung surfactant allows for the expansion and compression of the lungs during

20  breathing. This is accomplished by coating the lung with a combination of lipid and
protein. The lipid is presented as a monolayer with the hydrophobic chains directed
outward. The lipid represents 80% of the lung surfactant, the majority of the lipid being
phosphatidylcholine, 50% of which is dipalmitoyl phosphatidylcholine (DPPC)
(Veldhuizen et al, 1998). The surfactant proteins (SP) that are present function to maintain

25  structure and facilitate both expansion and compression of the lung surfactant as occurs
during breathing. Of these, SP-B and SP-C specifically have Iytic behavior and can lyse
liposomes (Hagwood et al., 1998; Johansson, 1998). This lytic 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,

30  1991). Uptake of liposomes by alveolar macrophages is another means by which drugs can

be delivered to the diseased site.
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to increase antiinfective retention in the |iposonmal formulation. 10 Lipid
antiinfective formul ati ons have a sustained antiinfective effect and | ower
toxicity ANOWWAHYIMEss frequent admi nistration and an enfaGHESW0/RE$NApeut i c
index. In preclinical animl studies and in conparison to inhal ed

tobramyci n (notmpy. oY . i\al eRt.. e level,

| i posonmal am ka%der%&ﬁgsgﬁ%t%%y k‘%"l&ﬁg\?‘éﬁﬁ‘g% H%‘SSP th?ﬁe%H l%rél'; '%Ic?%gg%frt ly after
adm ni st r atthalatidnoare ¢emmo tb di ehdbgdneus lipids! Sung ethe lung éurfactabt dipbaimesanged
15 fromtwo to several, hundred tines that of tobramycin. Additionally

| i posomal HRFRERPSS ofrhilayess hateninan she desiped pharmpacaiirdl. diiese cin bssorbgureds an
ani mal nodgl ' | [R . I nfect | e

patients, ir%lggom: ﬁgvn%sgcéégl Jr?c%%%egs co@mﬁ‘%%%&ﬁ?? %1%1%;&? %‘%/tﬁgleifﬁﬁg%é@ g he

i nfectison dithet the lipid ofthe differer tayefsern thoamaseckphee Betweerathie m@fsymgﬁi&snt Lung
surfactant, allows for the expansion and conpression of the |lungs during 20
br eat hi ng,InVentionuiilizesngHe Rrpsgses o eigaleiUnisue diposaina) ofdipid antizdeativeat i on of

ny r ophobi SRRl BAEaE bYCeiod ol 58 BREC, Ao BRABB R St b ierent | g

sur f act antinvédtennej ority of the |lipid being phosphatidylcholine, 50% of
whi ch is dipalmtoyl phosphatidyl choline (DPPC) (Veldhuizen et al, 1998).

The surfactant @yq%qhg@hﬁﬁﬁgnkﬁg%dare present function to maintain 25
structure and facilTitate both expansi on and conpression of the |ung

sur f agtant as ' . | : - B ~ Lfically
nave i benauichp Parfltraeal M, In3iSeontf iARaVE T gRARRL
Johansson, of1ROfesent iventiyi ire phepased byrandnling ififasioh metticd] wikee agtreah af ligideak- up
of |iposones.. Liposonges, can also _be_directly jingested_by macrophages

t hrough phHRYBEpisEIxed With ¢ slypany of gtiinfeettys solutign 3iliae - ﬁqua@pleaﬁxe,twggg 1;

Swenson et saoﬁlstiogg 9‘1\,’«\1%?7% ?{ﬂlég({lj’lglgﬂl‘feem&h% é inggﬁ)% T eﬁ&feg%{{ ﬁg lag-c%%étgp gél'i?eg)?ctécg 1 WO

anot her ne can ver sease

2007/ 011944 Frguké 8IS 0d dy,8bOin-Mikeinfusiundseths Eligfetfrym ekt fifsion§ methivgi t her
|l i posomal or lipid fornulations for inhalation are common to the, endogenous

| i pi dsl oudeacritiediahave, frheresthedinid solution)is Bibussras a sipam aHerp bykpientinfechyer

that entr ' . ' ) . ' .

i 11 e oL, SRR ER R hfod a3 T £k BB U U an¥igher
trapped wi dncapsulatien teffivieriches. IThpipebcess hiebalfifther enyirovealyter sptipizink arenetns! S
space between the layers. The present, invention utilizes. unique, processes
to create SWehaslowir fésf@waepra&re,l qugirdective cppeairatiqne and saliadditongiier indusion ¢ he
processes &gbd t he product of these processes are part of the present

20 : 6.1.a Effect of flow rates

Individual flow rates were varied while keeping the total flow rate at 800 mL/min.

To do so, two separate pumps were used set at different pumping rates. The mixed
solutions were infused for 10 s into.a beaker containing NaCl solution such that the final
NaCl concentration was 1.5% and the final ethanol concentration did not exceed 30%.

25  After mixing, a 1 mL aliquot was run though a Sephadex G-75 gel 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

30 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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i nvention. 6.1 In-Line Infusion Method 10 In one particularly preferred
enbodi nent, the |iposonmal antiinfective fornulations of the present

i nvention ‘HPéo?ir“Bb%lped by an in-line infusion nethod V\helPSTﬂlséQqﬁ@&W?)f l'ipid
solution is mxed with a stream of antiinfective solution in-line. For

exanpl e, -t gpie0 Bt Bf G atBBdn Qﬁl dlﬁ%ﬂ%dpﬁulbh&’?*' nside a m xing tube

preceded by a Y-connector as depi ct e ure 8. In this way, the in-line
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4ol 268
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resulfed inlan al rpost

Increasind t he IiPid/am ' ate rati

const ant bl D dnti é@@/q ih05S W t h &Lirt Herl.6hcf eh6t of 47ipild r24t%, |/ D
started td_30_inciease g ' 5i ze _alsd startkd getding | grger. At}the
same time, *hipgtheid dniRidin bblatons wére keftal 80172t ARlikRM Ha %lﬁtﬁﬁlQ;Vd%r %/
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PCT/ US2006Ne€Y 889 solntiph avag adderdshefore i mmw obrindinghl.4%. abisiongineapasscast on. *

E: g\l/vdr%/eﬁ{@ S ylﬂgiurﬂ;ehl;) CTgy 6-¢ e&%ﬁﬁnllm% n%xc\a{%bm oneg at &% a! LID Recovery AWK

1y ")
n oQ

Batch 3 with the lipid/amikacin flow rates of 300/500 mL/min showed the best L/D
and particle size, combined with reasonably high amikacin recovery. Thus it was decided

to use these flow rates for all further experiments.

In order to reproduce the results at chosen conditions a fully washed batch (batch 6)

10  using diafiltration was prepared as presented in Table 2. NaCl 10% solution was added into
the beaker prior to infusion to make the final concentration 2% (as compared to 1.5% in the
batches in Table 1). The resulting L/D (1.71) was not as good as in batch 3 in Table 1 and
the particle size was higher. This may be due to an adverse effect of high NaCl
concentration contacting liposomes in the early stages of liposome formation. Samples

15  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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*The 3" column represents the temperatures of Lipid and Amikacin solutions just before

infusion, and the temperature during washing (diafiltration). RT =room temperature.
“VOL size” is the volume weighted particle size.

Table 3. Processing conditions for batches 1-18.*
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*Lipid and amikacin solutions were infused at rates 300/500 mL/min for 30 s (examples 6 -
10) or 20 s (examples 11-18). Additional aqueous solution (NaCl or water) was added (as

parts relative to 500 parts amikacin volume).

6.1.b Effects of process temperature.

~ The settings were kept the same as in batch 3 except that the amount of NaCl

solution added was less, making the final 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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In separate experiments it was found that mixing of 90% ethanol and water at either

30°C and 30°C or 50°C and 22°C, respectively, resulted in a similar final temperature of

nearly 36°C. This suggests that the temperature of the final mixture rather than that of the

individual components is important for amikacin encapsulation. The temperatures

50°C/RT were used in examples 6-15. In examples 16 -18 temperatures of 30°C and 30°C

for the two streams were used with comparable results, although a little less amikacin

encapsulation was observed.

6.1.c. Effect of post-infusion addition of agueous volume

Attention was next focused on the steps of NaCl solution addition and the washing

process. Process parameters were varied in various directions. Right after the infusion step
at flow rates 300/500, ethanol concentration in the mixture reaches 34%. Amikacin has

limited solubility at this concentration (see Figure 9).

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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When a longer mixing tube is used (batches 16-18), which allows for a longer

mixing time, the time interval is not required.

- Adding a high concentration NaCl solution to balance osmolality does not actually
20 help retain amikacin. In fact, adding pure water at an appropriate time interval

resulted in the lowest L/D and total amikacin concentration.

-*  Adding 100 parts NaCl 10% (batch 9) 5 min after infusion gave a competitive L/D
ratio but did not give as good a total amikacin concentration. It may be that NaCl,
when present at early stages with relatively high ethanol concentrations, leads to

25 increased aggregation and viscosity.

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 total L/D | VOL

Volume | Timing to

mg/mL | % parts | infusion | mg/mL nm
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6.1.d. Effect of antiinfective stock solution

Previously it was found that using 50 mg/mL amikacin stock solution produced the

best entrapment. Reducing the amikacin stock concentration to 40 mg/mL increased L/D

when used in conventional processes. With the two-stream in-line infusion process, ethanol

- concentration reaches higher levels, so the current 50 mg/mL amikacin may not be the

10

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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concentration of free amikacin in a post-infusion lipid/amikacin mixture, allowing it to

remain soluble at higher ethanol concentration. Assuming that lipid and amikacin are

mixed at 300/500 ratio, amikacin stock is 50 mg/mL, and encapsulation efficiency is 37%,

then initial free amikacin would be ~20 mg/mL. Similarly, 40 mg/mL amikacin stock with

52% encapsulation would result in ~12 mg/mL free amikacin. 30 mg/mL amikacin stock

with 46% encapsulation would result in ~10 mg/mL free amikacin.

7. Lipid to Drug Ratio

There are several ways to increase the entrapment of antiinfectives (e.g.

aminoglycosides such as amikacin, tobramycin, gentamicin) in liposomes. One way is to

make very large liposomes (> 1 pm) where the entrapped volume per amount of lipid is

large. This approach to achieve a smaller L/D ratio is not practical for inhalation

(nebulization) of liposomes because 1) shear stress during nebulization tends to rupture

liposomes in a size dependent manner where larger liposomes (> 0.5 pm) 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 0.4pum (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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processes described herein can be easily adapted for large scale, aseptic -

:!

manufacture. The final liposome size can be adjusted by modifying the lipid composition,
20  concentration, excipients, and processing parameters.

The lipid to drug ratio using the processes of the present invention 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
abo.ut 1:1, about 1:1 or less, about 0.75:1 or less, or about 0.5:1 or less. Further the
percentage of free antiinfective, present after the product is dialyzed for a particular

25  duration, is decreased.

8. Results

8.1. Biofilm Barriers of Pulmonary Infections

An obstacle to treating infegtious diseases such as Pseudomonas aeruginosa, the
leading cause of chronic illness in cystic fibrosis patients is drug penetration within the
30  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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aer ugi nosa enbedded 1 n al ginate or exopol ysacchari des m bacteria, as well
as DNA f rentrepiodegutoglyedstds) tepsnetatd (Frlgurenl)f romlung epithelial cells, all
possessing a net negative charge (Costerton, et al., 1999). This negative

char gelObi nds upAsmildciortes @béssHownetd dtvead high defreposidsisvmby tocthuetegiatlendyigs, such
as am noglti/lcom des, rendering them biologjcally ineffective (Mendel man et
al ., 1985)thusprovidpieshereater nercentiof @@pﬁm@ée Il“ﬁ’il wolqtc?sab%m & qtlile;su d

formul ati g , t t on-
specific b%{j‘gﬁg&gl&? h’gl‘gdp‘ﬁ% t%%ﬁ jfnyd 3 mlgmn(lp ﬁF g%s 'rralh?lsor ‘1[1%”{38
f or nul at i ansudinbsatisolates m&ﬁmﬂowseﬂﬁmemmlmﬁn ﬂﬂnloaiwmmcglxcﬁ'sigw\ehilé .10
Am kaci n has,been shown to have a high ree of resistance to bacterial

enzynes, mtlrtﬁwweﬁﬁ‘@ﬁéta@%ﬁ?@asﬁﬁ?elerlg 79 susceptible clinical isolates
t han. found for other am noglycosides including tobranycin and gentam cin
(Priceldet al. 'ﬂ@?sa;tamled releaseiand idepat effect ofiéiposprred Sermidations ef amikacihas nor e
sensi Live 40, BT kact i Lo U ReL N800 K08 Bl i AU
intravenous administration. The rats were also given liposomal formulations of amikacin

o0

intratracheally at the same dose (4 mg/rat). The data show that it is only with the liposomal
formulation of amikacin that a sustained release and depot effect is achieved. In fact, 24

20  hours after dosing, only liposomal formulations of amikacin show significant levels of the
drug in the animal's lungs, while both tobramycin formulations revealed negligible levels,
primarily due, it is believed to rapid systemic absorption. This greater than a hundred-fold
increase of aminoglycoside in the lung for liposomal antiinfective formulations supports the
idea of a sustained release liposomal formulation antiinfective that can be taken

25  significantly less often than the currently approved TOBI® formulation (a tobramycin
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
30 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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15 The sustained rel ease and depot effect of |iposomal formulations of
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intratracheal mst111at1on. This was followed by its removal at 2 or 24 hours via a bronchial

20  alveolar lavage (BAL) to determine biological activity. Samples were concentrated by
ultrafiltration followed by filtration (0.2 micron) to remove contaminating lung microbes.
Amikacin concentration was determined employing a TDX instrument and biological
activity determined using a Mueller Hinton broth dilution assay (Pseudomonas

aeruginosa). The results are shown in Table 7.

25 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) (pg/mL) (ng/mL)
2 160 119 1.9
24 73 32 4.0
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four hours follow ng adm ni stration. Thus, the therapeutic |level of drug is
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f or mul at i RdtRg devislapment ot resistapes dugfp tropgh ]se"ﬁlﬁ§§a¢t¥ FYvevail able to
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evident in Fi ghs asimyviteg demangteation phepwwyleasetodippsosand Sermulatinnraflegikasis of
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Pseudomonas. The liposomal formulation of amikacin was also incubated in alginate

containing PAO1 mucoid Pseudomonas. In both cases sustained and enhanced killing of

the Pseudomonas over time was observed, as shown in Table 8.

20 Table 8. In vitro killing of Pseudomonas over time.

In vitro Sputum/Alginate Assay (% survival of PA01

Mucoid Pseudomonas)
Incubation time at 37 °C
1h |3h |6h (24 Amikacin conc.
(ng/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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This effect should prove significant in reducing both the bio-burden of the
Pseudonpnas and the devel opnent of resistance due to trough |evels of
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formul atioon of am kacin 15 and its sustained antiinfective effect, the
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clinical correlates’to CF in a’simlar |ung pathology: the d
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15 Various liposomal amikacin formulations were tested based on either different lipid

compositions or manufacturing parameters resulting in different killing zones in iz vitro
experiments. This experiment was designed to determine the increase in efficacy obtained
with liposomal aminoglycoside formulations over free aminoglycoside. Blank control lipid
compositions, two different liposomal amikacin formulatipns and free amikacin and free

20  Tobramycin at the same aminoglycoside concentrations as the libosomal antiinfective
formulations were compared. In addition, a 10 fold higher dose of free amikacin and a 10
fold higher dose of free tobramycin were also given. Dosing was IT daily over seven days.
'Results (Figure 3) indicate that liposomal amikacin in the two formulations (differing in
lipid composition) revealed a significant reduction in CFU levels and were better at

25 reducing CFUs than free amikacin or free tobramycin at 10-fold higher-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
30 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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20 Table 9: Results from liposomal amikacin formulation treated rat lungs infected with P.

aeruginosa.
Formulation Bioassay Clinical Assay
(microgram/mL) (microgram/mL)
Lip-An-14 (1 mg/rat) 9.5 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 14

Drug weights are for the drug normalized to the absence of any salt form.
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due it is believed to rapid systemic absorption. This greater than a hundred-fold increase of

antiinfective in the lung for liposomal amikacin formulations in an infected rat supports the

idea of a sustained release liposomal antiinfective that can be taken signiﬁcaﬁtly less often

than the currently approved TOBI® formulation (a tobramycin inhalation solution made by
20  the Chiron Corporation, Ameryville, CA).

The pharmacokinetics of amikacin was determined in rats following intratracheal
(IT) administration of either free tobramycin or liposomal amikacin. A dose of 2 mg/rat
was administered. The depot effect of liposomal antiinfective technology is demonstrated
in that in comparison to free tobramycin given IT, a greater than a hundred-fold increase in
25  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
30 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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20 In a study, this compound was administered to mice and compared to both free
ciprofloxacin administered intratracheally and free ciprofloxacin administered orally, with
all three compounds given at the same dose (Figure 6). The dose for each mouse was 15
mg/kg, with three mice per group. Liposomal ciprofloxacin was in DPPC/Cholesterol
(9:1), at 3 mg/mL ciprofloxacin, with the formulation produced as in the Example. The

25  lipid to drug ratio was 12.5:1 by weight. In comparison to orally administered
ciprofloxacin, liposomal ciprofloxacin 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

30 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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PPC

6

20.7

31.8

95.5

1.6

0.25

7

20.6

40.0

98.6

2.0

0.25

8

19.9

40.7

98.3

2.1

0.28

9

20.9

40.5

98.1

2.0

0.28

*DPPC/Cholesterol liposomes where the DPPC/Chol mole ratio is approximately 1:1.

**QOnly the entrapped amount 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 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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ref erersce dedtiof)s entirety. Entrapped volume is a basic characteristic of a
| i posonmal formulation and is determ ned as the volunme of intraliposonal
agueous phpgsle A Avftichci®ioakdin®ii | ﬁﬁﬁ- b dift ed in the units
of i ters/pm)leg:? éllﬂe c%flger?hg%slﬂtr?eﬂsﬁots?{g?m ené)dl i%gsoﬁfhﬁlgﬁ?orned t he
concent r atfromof—the—sotute—Tnsrdg+Hposones iSar% egi to—ttat—outjsi de in the
bul k sol utji on, MA hi r_entrapped vol une then™Wo | ead to higher
drug/lipid rati¥eayurgl Pargmelen e, queral |l —drug-capcentration for lthe final
formul ati gn. 38 WD 2007/011940 PCTI US2006 027§59 I'n 3ornpl at4 ng {l i posonal
am kacin, [however. it has been found that |the actlal druadflipid rjatio that
can be pr qdipids covesninaiion (igAnL3- f ql d36ilgh¢r 3h&t pnestmvbul 0 edspect] based on
t he entragped volunme. Table 11 shgws the fesults jor 4 different |sanple

prepar at i ANQVRf cont@itAtisAmpAECT T e folmullat s@ns [ ser. BxapplsoZ Tin the
Exenplifigation

Actual Lipid/Drug (w/w) 1.8 1.9. 4.8 9.0
Entrapped volume (ul/umole) 24 2.5 2.9 1.6
Expected Lipid/Drug (w/w) 5.6 6.0 4.1 8.1
Expected / Actual L/D ratio 3.19 3.17 0.85 0.90
Liposome Size (um) 0.230 0.217 4.65 3.96

Samples 1 and 2 were made by the ethanol infusion procedure disclosed herein, and

Samples 3 and 4 were made by liposome formation techniques known in the art.

10 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
15  (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

20  Potassium ion in a sample after adding fixed amount of it, 250 ul of KCl (V,q44) into 10 mL
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centrlfugat,l_o cl(g Q?n ipart filtering device. Probe concentration in the
filtrate is® high ﬁ’é t#¥e avef age Ybre due to exclusion of the probe from

the vol une occupied by liposonmes. In sanple #4, |iposomal volune was
determ ned by nRaswREe iftRomaIFeihk %ﬁd e flfi&‘ic&cﬁﬁeﬁ?&ﬁﬁ%@ Bk @éteﬂnﬁné‘ﬂfca”p' e
after adding flxed amount” of 1t, 250 ul Veda) into 10 9 WO

2007/ 011940 PCT/ 006/ 02786L9—L1 [ pensi on .(V0)., S were then
centri fugefa1 3pP %‘EP ©4b00 Tm an E\?ﬂ@ﬁ?ﬁ‘&?ﬁiﬁew %‘Qéﬂ% Hféasur e

pot assiumion (K) by Col e- Partfer pot assiumsensitive electrode. Potassium
concenty at dRBertRHSHS, @@Ep\é@tﬁzeﬁl V¥ ﬁidbhﬂt}eifs aBJﬁ?rfbd%lBSGIo@éjtcﬂvﬁlerﬁL excl usi on of
potassi umions fromthe vol une occupl e€d by liposores. In the control, an 5

equal anoubensequexidl, ewescandstdate expectad lipiddatignatic tiatthe samplRovad haweif the

concent
rat OE vJaQ distributed ideally in the aqueous spaces inside and outside liposomes:

(£) = L, = M, , Where Dy, is the bulk concentration of the
'D ex 'D a (vL - Lw )

avenl

drug during liposome formation, M; is the average molecular weight of lipids.

15 As one can see, actual L/D ratios for samples #1 and #2 (1.8 and 1.9) are
consistently lower than one would expect from even distribution of amikacin (5.6 and 6.0),

while L/D’s for samples #3 and #4 are closer to theoretical values.

A similar comparison was made between 2 sample preparations of a lipid
antiinfective formulations where gentamicin sulfate was the antiinfective (see Example 3 in
20 the Exemplification section). The data in Table 12 indicate that the method disclosed
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
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di scl osed herein provides unexpectedly high entrapnent of gentamcin. In
both sanples #5 and #6, the actual Lipid/Drug ratios were alnost tw ce the

theoretically eagpegr_ﬁgjgy@hwecﬁaigu@x19_2,43%0_@@]% &idnoadi ng into |iposones
prepared by dif erent nethods anpl e # Measured Paraneter 5 6 Lipids
concentration tal @0 40 WO
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Actual L/D.ratio 1.8
} for such targetec21 glease was tested by monitoring the release of drug upon incubation with

o to | ng/nL.
j ratio that the sanple
h t he aqueous spaces inside

sputum from a CF patient, release in the lungs of rats pre-inoculated with P. aeruginosa, as

well as the activity of against cultures of P. aeruginosa.

The release of amikacin by direct incubation of a culture of P. aeruginosa with a
liposomal amikacin formulation of the present invention was previously discussed. To
10  further investigate this phenomenon, a liposomal amikacin formulation was incubated with
a preparation of sputum from a cystic fibrosis patient with P. aeruginosa infection.
Expectorated sputum was liquefied with bovine DNase I and alginate lyase for 2 hr. at 37
°C. A liposomal amikacin formulation or soluble amikacin (1 mg/m]. amikacin) was mixed
1:1: with liquefied sputum or control and incubated at 37 °C with gentle shaking. Aliquots
15  were analyzed for amikacin concentration by Abbott TDx Analyzer. Intact liposomes were
lysed in a separate aliquot of each sample using a detergent, 1% Triton X-100.
Supernatants from each sample were used for analysis. Over the period 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
20  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

25  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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50-70% of folneindht prsattedfbkéterinandhat the slovaelchseafiopded by the formallstmed from
the liposone. In the rats that had not received bacteria approximtely
20- 25% of TRakes momgeiiRetive Bsq fdhe iBiBm These data strongly suggest that

rel ease of free amlcacin fromthe |iposone may be nedi ated by the presence
of P. . The interaction of the liposomal amikacin formulations of the present invention with

P. aeruginosa or its virulence factors leads to release of amikacin possibly directing release
20  to the site of infection. When amikacin is released it is active against P. aeruginosa, and
the slow release in the vicinity of the bactieria may have an advantage over the non-specific

distribution and rapid clearance of inhaled free drug.

8.5. Effect of Inhaled Liposomal Drug Formulations on the Function of Alveolar

Macrophages

25 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

30 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.

-42 .



5 aeruginosa in vivo. An in vitro test of release and activity was perforned
under conditions simlar to the pharnacokinetics in the lung, where it has
been prevWO2IYOHPOWN that free antibiotic is cleared RCHHIR006/02E88cal e of
a few hours. Free amlcacin or a liposomal amlcacin formulation was

i ncubated with ,P. ' PAO (-108/nl) in sterile 0 5 m. Slide-A 10
Lyser car t11 agderosbRa R g malrmsact foratohs SRk Al A apspres abe of

the cartr Eﬁﬂféﬁxfégé' gerld?fied tv?ﬁﬁ gﬁ%ﬁ? fStzﬂ%ﬁﬂiéég%?fr Llnh%lgg S)é glgf"gir’igittgxﬁﬁl-e rhbier 24

hrs., the sanples™were w romthe to neasure
CFU. | n t baoss-ally inadatipn ekpabérndnligdatiohakeragnwheamidocted for 4hi foh14y reduced
the CFU of these sanp ' eduction of ..CFUs was, observed

les, while a two log r .
for am kaEPReewhsdays. such thal the exppaied @mlyﬁs\n&fioqewé tofal Hpid wag appraximsately
. _ T an“R &kl | g
o e Bt o ab/ o e fickomiNERRaclR Ry AENT /R or R SRE RpdERu > 280

af f or ded Blalfitheratowenel sattiagized omi£F1510TlRe efrfaiitig taes ware eafhahized 61 dgy 43The
interaction of the |iposomal anikacin formulations of the present jnvention

Wit °p.  Beobishalseoleravtee i (b 4hdbvmaselise e st ndedared -3a16 ki n
Fei casen SPEeEPsbEbERRR: wideled cabosich By Yral iR AR syt EReaREly S864 e °

vicinity afphh {TENB2O! ITE ckis S theBA LF e ¥aIchaeb yeatrifh HRioA0EunRAGnGI C
distribution and rapid clearance of inhaled free drug. &8.5. Effect of
| nhal €@l Licplbgodrin maium with and withardipopolyseectruide {LBS) fof 24 he ol ke supktnetaoishages

25 The |iposopal am kacin f l.ati ons..of .the present.inyenti.gn a i.n one
enbodi menfloB WSS Wespeelisgrd by P Retionand Ay fonpihe puReat TNRY kaci n
that is Ol : A@NL-¢ 2 ' I f \ ' | C
fibrosis gét%r@ tgg&ly%le F‘gl{cgg%so ?gﬁ%&h F%rr P }lla%%%f(gdt)a?@%%v&v %ﬁ%ﬁ%%lﬁlgﬁnﬁgﬂéase of
am | caci nowemigheuptakgof deorivakflarewehtanicrospherepflcygm, 2(E0°Wnd)n to avidly
take up particles in this size range, the effect of the 30 |iposonal

fornul ations omHaft@ia of ele 1§Hosem N anfiRsdih Edthndlatiof] &ﬁlﬂzuippérdiﬁesbaﬂame and

stinmul ated functions of rat al veol ar macrophages obt ai ned E)y | avage were

st udi &8 wamikagin onsaling for 14eonsesutive dayssiid not prodiss 8 signifigank aaitmorfdelayed at i ons
and conpar tatvari ous cQ rﬁllés. f‘4 WO §£07@111§40 PCT/ US Og_gé 2185
Aerosol s GHAPHRAPTYISSRORST nhe pieh AT Fabt 4 v epbivsTevelif '?1?’“6? B8 % Posones

and salin i \ i zar :
oo(r) Gls ?3"@?‘2‘1 ?g{l‘,se}f vi%&i%ﬁ wWird thsRnfiRBhi1}-Sirfel fBRIONER! alfitfgh RRAL G &Y

early trend toward higher NO levels in all groups receiving inhalants, including controls.

The total recovery of cells was insignificantly different in all groups with an early trend

20  toward more polymorphonuclear leukocytes in all groups receiving inhalants. Rat alveolar
macrophages had normal functions after exposure to the aerosols of the above test articles
despite the fact that they appeared enlarged on day 15 in groups inhaling liposomes. The
concentrations of nitrates and TNF-o detected upon culturing of alveolar macrophages in
medium on day 15 or 43 of the study were insignificantly different from controls. The

25 macrophages responded normally when stimulated by LPS, producing substantial
concentrations of nitric oxide (20-40 nmol/10° cells) and TNF-o. (5-20 ng/ 108 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
30  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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comparing the post-treatment values of these indices to the values of the same indices prior

20  to treatment.

The precise time of administration and amount of any particular subject composition
that will yield the most effective treatment in a given patient will depend upon the activity,
pharmacokinetics, and bioavailability of a subject composition, physiological condition of
the patient (including age, sex, disease type and stage, general physical condition,

25  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.

30 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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employed and the route of administration utilized. For compositions of the present
invention, the therapeutically effective dose may be estimated initially from cell culture

20  assays.

10, Formulation

The lipid antiinfective formulations of the present invention may comprise 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

25  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

30 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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injurious to the 30 patient. Suitable excipients include trehal ose,

e BRSPS B o0 e and el o um el or de
Intial [Lipid] = 7.6 mg/mL
Intial [amikacin sulfate] = 57.3 mg/mL
Final product Volume = 150 mL
20 I) Compounding and Infusion:

7.47g DPPC and 3.93g Cholesterol were dissolved directly in 352.5 mL ethanolina 50 C
water bath. 85.95g amikacin sulfate was dissolved directly in 1147.5 mL PBS buffer. The
solution is then titrated with JON 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
25 give atotal 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.

II) Diafiltration or "Washing" Step:
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50 C water bath. 85.95g am kacin sulfate was dissolved directly in 1147.5
nL PBSqbuf fer. Tl'Hbeproél‘idtWals@&ldeﬁtrétB@n titrated with 1ON NaCH or ICON to bring
the pH to approximately 6.8. 352.5 ni ethanol/llpld was added or infused to
the 1147.5 nL am kacin/buffer to 25 giys@stotal intial volume of 1.5 L.
The ethanol /1ipid was punped @-30 mmn a so called infusion rate) wth a
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stirred at Ihartr i'on vessel “on a room nperat ure

The producyere@sepatdddt @dricis 1 gﬂ@ﬂﬁd ﬁmﬁeamroanémraﬁ&xs?éaccsfdmgtte $he follbwmg
Diafiltrationdor "Washi ng" Step:
procedures.

15  Sample #1. Amikacin sulfate 1.72 kg was dissolved in 23 Liters saline solution (0.9%
NaCl) and pH was adjusted to 6.5 by adding necessary amount NaOH. Lipids—-98.2 g
DPPC and 51.8 g Cholesterol were dissolved in 7 liters ethanol. Liposomes were formed
by infusion of lipid solution into amikacin solution at a rate of ~ 600 mL/min and under
constant stirring. Resulting suspension was then washed to remove ethanol and un-

20  entrapped amikacin by diafiltration using an Amersham Hollow Fiber cartridge 500 kD

pore size. The suspension was concentrated to a final volume 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 —

25 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
mL/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.

30 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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in 23 LiteSgnpsiaid. ﬁﬂleqwbwdhmwésﬁbuﬁ%r tblalﬁtfowvaﬂlpﬂ&#&\/a&mﬂchjcmsduﬁﬁtetl@ 8 whas by

addi ng necessary . anpun pids - 2 gq. DPPC and 51.8 Chol est er ol
were di sscﬂlﬁéb’eﬁhngomlt@f%ﬂlé? F@H@)‘Pﬂ apg %W&Wﬂéo forbyadding NaQiy, Limids, of

bl d ol ki, Hsbe A4 £A%L Erseli] QketecBiveAye O 0B IR, 39, Under

const ant suspensi on wa fove “et hanol
and urn 020 s@ﬁicaﬁdil’pﬁéb s bliapsedn The solveht reinodlisesp dasthe Rotuvagersysiemnwvdsol | ow

Fi ber cartridge 500 kD pore size. The suspension was concentrated to a
final vol Lﬂﬁﬂlf&ﬁfoutat‘ﬁ)T_Cf@eﬂﬂr@ §1mvomﬁ@%5(£)elﬁ Lre was simlar to that for
sanple Al with all material quantities scaled down 100 fold. Am kacin
sulfate 17.2 g was dissolved in 230 riExamplede sol ution (0.9% NaCd) and pH
was adjusted to 6.6 by addi ng necessary anmount NaOH Lipids 25 0.982 g DPPC

and 0.5 18HphGipsemhPéitrapRest 6l G&RhmAGn.I N 70 nL et hanol . Liposones were
formed by infusion of the lipid solution into the am kacin solution at a

rate of '\A%gxﬁleﬂ}/ B tkacin Wi ‘i‘ﬁéz@@’ﬁ/ %ss%ide&‘iﬁﬁﬂo f@% ﬁ@%ﬁﬁ%ﬂ’(@ g@yspensi on

was t hen ed to renove anol vm entrap caC| n
di af i |15 atNaCi) asdpiH Va3 aAmstedhamSI-ky dddmgﬁlebessarycamdunt d@mlfuﬁbamduimth% on was

concentrate f| n voI of -35 nL. .30, S 3. 0SpnMesS wer e nade
by a pr oce%lgﬁ g}ﬁtg@iwﬁregﬁspgteanglﬁrr@ethanoq Liposomes were

formed by 1nfus1on of lipid solut10n into gentamicin solution at a rate of ~ 500 mL/min and

under constant stirring, Un-entrapped gentamicin and ethanol were removed by
diafiltration using an Amersham Hollow Fiber cartridge. The suspension was concentrated

20 to a final volume of ~35 mL.

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 H,SO. Lipids — 0.982 g DPPC and 0.518 g Cholesterol were
dissolved in 75 mL ethanol.

25 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

30 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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was dissolved in 20 nL saline solution (0.9% NaCl) making pH 3.3. Lipids,
0.666 g DPPC and 0.333 g Chol esterol were dissolved in 40 ni_

di chl or on™N2W&0118#8 kacin and |ipid -47 WD 2007/ 011940 PESIT/USPO6HRT8397859
solutions were m xed together in a 500 nL round flask and briefly sonicated
to form a%ntﬁé?éh%ﬁﬁaclf&?@éﬂ%ﬁﬁ vJeP@fénbeQc!‘ Hfaﬁl&a‘ﬁoﬁ u'gglgéh @ﬁ&ﬁﬂﬂﬁollﬁ%ﬂ eém
to renove di chl oronet hane at | ow vacut un 5 I nches and tenperature 50C
and const dHiberrattadgeorThesuspdnsionavaswokeentrated tqa finali volumeof e35mil. a gel . Wen
the gel eventually collapsed, vacuum 5 was gradually increased to -20

i nches Hg and dlrnelaemapmpﬁd/nw@raherwaﬁ@mmeo Hah'for 88m 1€h#z andial gﬁh 100ériifiE of
formed |i posomal suspension was 2 | e #4. e procedure was siml ar

2 ni.
to that forpedeth(Ryugsentropmendbighesipn amec@ng gongideringithe fict/that the enteapped of

I I ad 6. d 0.583 g
25 A R 473t e S e s BLSA R BB, O
soni cat i oNA&hAN/PasicwaPRFEich 186,25 @hﬁ@ﬂipoécﬂﬂﬂl\aﬂhk&‘h?ﬂhﬁfé likearRkhéiMapor
systemwas carried out at 40 C for hr. Final volume was 20 nL. Exanple 3

Hi gh |i posuiate, @maﬂsadwefnnn@lateds@ﬁﬂahtghcmtrapmpl e #5. Gentamichi sulfate 20.0
g was dissolved in 230 nL saline solution (0.9% 15 NaCl) and pH was adj usted
to 6.5 by addi ng necessary anmount of sulfuric acid. Lipids - 0.982 g DPPC
and 0.518 g Chol esterol were dissolved in 70 nL ethanol. Liposonmes were

fonned by T4H1eI$3.08arfples b phroRétet dudindrpt 0 gentanmicin solution at a rate of -
500 nL/mn and under constant stirring. Un-entrapped gentamicin and ethanol

were reno megmmer cartridge. The
suspensi o SI&once ]{ate 20 tq a final "votu of - 35 . Sanpl e #6. The

procedur e |wa e L0 RS for -s-a-n?J—e—#': exeept—=Etentfam cin sul fate
17.0 g was d| ssolved in 230 nmL NagSO4-100j mMsol ufi on7v;1nd pH was adjusted to
6.5 by adding necessary ampunt ofl H2S04 t1ipids t 0 982 g DPPC and 0.518 ¢
Chol est er ¢ILipids eoncehiteationmg/mh) 75 [nL468hahol41.85 Exatipl e {4 Entrapnent of
other saltl forns of ami kacin. Sample #7. The prockdure was simlar to that
for sanpl ¢ Didg Wﬁu&f@r’(ﬁ{%ﬁ) Amikagn basp940.) g7aéd [Citric acid 4.2 g
wer e di ssol ved in 230 nL saline sqlution {(0.9% Na[l ).
Actual Lipid/Drug (w/w) 3.2 2.8 23
Entrapped volume (ul/umole) 23 2.7 1.5
Expected Lipid/Drug (w/w) 5.7 5.4 12.2
Expected / Actual L/D ratio 1.82 1.92 5.20
Liposome Size (um) 0.226 0.236 0.234
10
Example 5
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.
15 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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pH of resulted am kacin-citrate solution was 6.2. Lipids - 0.982 g DPPC and
0.518 g 30 Chol esterol were dissolved in 70 nL ethanol. Liposones were

formed by WORUS(OB4S: |ipid solution into am kacin sol uPCHNS06/0278%% e of -
500 nmL/m n and under constant stirring. Un- -48 WD 20071011940

PCT/ 1JS20 &t
diafiltr a'%lﬁ gﬁ/%é s%?ﬁmggf%h& W Eglge rﬂ%g?{ter ﬁ?@d&#%&@ﬂeﬁ é?\ls |da was
concent r atand 28aags ﬁﬂm Iadmnhstrmzlonfof tlibﬁnmhple'ﬂmeesaodtmﬂdacmllwedﬂ @emgndsaaﬁned byas

simlar tq that for sanple #2 and again |ower than  expected (Drug
ent r apmentiMEuERERoesReRcERIaEFaEAR on g0 Dmganab@elf indhe absgnce mr@m@eegfped 5

Expected /1 AR o hrfihorefiees abuikechf AERIpBSomhéS, Syhole Hnd SRSk o1 n°
citrate, Ispiked WM?}Z)Ls&nesSlei&%tlﬁmdgélﬁizﬂi@Qo It &férrelubs@toefdmmddih dEhthese

entrapnent. Table 13. Sanples 7 paraneter sunmary, | e # Measured

Par anet er osnditipns. | Frge aed @tﬁi@mﬂ@acm Verns maagmvylﬂmmdavwmus Triton P40 to

concentratj o 14.2 14.9 17.8 Actual Lipid/Drug (wWw 3.2 2.8 2.3
Ent r apped 3%%%@43?&;3% e) 2.3 2.7 1.5 Expected L| pid/Drug (Ww) 5.7 5.4

12.2 Expected. / Actuyal . 8 9252 S 0.226
0236 0 234  1BPRRH I Cm’éaliﬁaﬁ? lf%l“ﬁlpfeﬂ Oq%?rgraﬁlgﬁﬁ%féaeq%&}sﬁosoml
am kaci n f@hmakakh %@rghﬂ* 5 Yshého aqlogehﬁaﬁ Qmﬂfthé Félﬁ%‘él’?h%o & fhef rom the

| i posones was neasure ter In lon by rats a ¢ inhal ed
sol ubllé arbkaxe of thiSdetérgerite Howeveryadditior oA bE% G stun X-d400 Wechto&e&&ery mlls“ﬁfar

e L ehebs PR e b o ou o SRS kS e
dose or TRETEITn QAERBINT LRt B frcHiyEdal Lu%“ﬁr‘ﬁ R oo vas ¢
homogeni zed w N]ngh total concentration of amikacin (approx. 500-600 pg/g of lung tissue) was
observed immediately after the 6 mg/kg single dose of the liposomal amikacin, which
15  slowly decreased by about 50% over a 7 day period. The temporal profile for the release of
free amikacin from these liposomes showed an initial high concentration of free drug,
probably resulting from amikacin liberated as a result of nebulization. This phase was
followed by a nadir at about 24 hours and a subsequent increase, reaching a maximum of
279 pg/g at 96 hours after administration. By the end of the 7 day experiment, a substantial
20  portion of drug remaining in the lung was in the free form (approximately 50-70%). It
appeared that a small portion of the soluble drug administered by inhalation also remained
for a long period of time in the lung. However, most of the amikacin administered in
soluble form was cleared within several hours, and the apparent free amikacin AUC over 7
days was at least 2x higher for the liposomal amikacin animals than for those that received
25  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
30  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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a Pol ytron apparatus. The kinetics of clearance of amkacin fromthe | ung
was exam ned b -49 WD 2007/ 011940 PCT/ US2006/ 027859 anal égl s _of | ung

honogenat &Oé?‘%@éﬂ”ﬁ’? ng time points after the single dosePETERWMII8S 1 day
and 28 days after adm nistration of the nmultiple doses. Am kacin |evels were

measur ed bﬁeleasémuaqfﬂeuaba?% @siBGH B HinfehitRuAP adsedRBYtal subbdihtial deshloyzer in
t he absence or presence o % Triton X-100, Wwhich réleases am kacin from

| i posones. frethdrug i thegusgsapl es were 5 spiked with |iposones before

honogeni zation to test the release of amlacin under these conditions. Free
and total am kacin were neasure w th Brsmpletgrout 1% Triton X-100 to assess
| eakage of drug. Liposomal am kacin, spiked into whole |ung sanples, showed
no significant release of am kapj-RiRSInRudi6fPrdces tissue honogeni zation

wi th the Polytron honogenizer in the 10 absence of this detergent. However,
addi ti of 1 %d - € : dr ug.
Ther ef gjpe a di r@%% %@ﬁ%éaogf?lgeoir?e%&%ﬁ‘gﬁ%@)ﬁ@ééssg% th?LAes %nﬁﬂﬁg@é@ﬁ@éﬁﬂam kaci n
(with det empesdtyitlyestsestn dhantiinfoctive salutibh &inl knd” e fsr exampleyg Yi-tGgieetor A hi gh
total conceniration of am kacin (approx. 500-600 gg/g of lung tissue) was
observed i YHehicanRacys tafalength ﬁémémggferage%a AY¥iag dhee Wherefhdherinyigingan

am kacin, I : Y, ) [k . 7 L1:Qd. The
Ferpor al | poarf 5 st s IA0Es Wi of BVEioR dARIRELHES. 0
showed an procéssawhdre tibidCsnaiontis ifised adh sfrée irdd W Gulk ¢fraadikddity saletsaed. t i ng from
am kacin |1 berated as a result of nebulization. This phase was followed by

a nadi 10 at AgliRAdin 4fd ip#d SolafienfpePREARfPAent i ncrease, reaching a maxi num of
279 g/ g at 96 hours after admnistration. By the end of the 7 day

experinment, a s At i.ak rti i ol i : in
the free form (%%%fr{%% %‘gaé%fy)zgg%%&s%ﬁﬁgtg)&@@ﬁ %r%fl 'pgl %%?*ﬁ%%irﬁsn of
the sol ubl ey aidigg acbstsarpimonds bf23% MNaOH schiticl, Icipide,vd3teg DPPQrand (.320¢ peri od
of tinme in the lung. However, of the amlacin admnistered in soluble

t
form was cthodestsrolaiviers ﬁS@évﬁériagDn%zstylfr%?f e Liethanghassl KhmLiyate. Jdhesaci n AUC

over 7 da ' . ' w8l .- 2 ' ' S than
for those %lpﬁgléeggllt\h}g%%%&fgoﬁ%& eezrain %él?ﬁtglgggnéﬂ{ggagﬁgxﬁtép ﬁ?@b/g@mvi or
can bel3juamilmin, v&?yctive@el‘e@lumké tan WRAROSRTIORE adpistedfonktgentcald erifcl ear ance
and slow rel ease of drug from]iposones. After 14 consecutive days of

admi ni st r afifisrent fawiales aredosised.t he | ast dose), nore than 20% of the total
am kacin in the lungs of rats that .received |iposomal am kacin was present
as free drug (aphe axikaainsolutiosPrepgiag)accartimgtioabovefreadtsdn epproxiveitclnds even

greater t h%%/nt]ﬂ Gmikacin (per base) solution. The lipid solution as presented was DPPC/Chol

(mole ratio of 60/40) with a total lipid of approximately 20 mg/mL solution (90% ethanol).

20 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.
25 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.

30 To obtain synchronous flow rates, two pump heads with one MasterFlex drive were used.
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30 amount in rats that inhaled soluble am kacin (approx. 500 g/g). Free
am kacin is released slowy fromthe |iposones of the |iposomal am kacin
f or mul at i owe 200v/01le0l ungs of heal thy animals over a ti nepsaaiseomsfo2zdays. The
free drug that is -50 WO 2007/011940 PCT/ US2006/ 027859 rel eased has a
relatively, |long resj der‘%:e time i.n the | un as.sgﬁn by a substantial, depot of

free drug fARCAHBS fQ hgdubaLrasssiestion aress, theiBearstcalilow rptesatiashoyldhed.8dadnce of
t he | n-Li nggis@gbusy hSm |0 IVgP i Lbxed
W th & stroSaest YETPHPEEtAc bimpdBve SoFtd RORC AR £ MR R LS I,

Y- connect othe mdaswbd Hownetes svereo~300V¥0gt Y16, t ubi ng, terned a m xi ng tube,
where further mxing can occur. In this regard, this new process differs
from the " convegihtomallipi®idiais confiink) 090 ethRicICHE $n-1inb ffi gtutd RIdL.339] sthirn | S
infused as a streaminto a bulk of am kacin solution. 10 Am kacin and |ipid
sol uti ohs 'Be prsaerttamikacimmekipitation NaG selution canpevaided pBeroinduding mfadion atla wat er

and pH wasadj ys 6.5 .by adding.necessary anmounts o 5%

sol uti on. E?%#%EESQ' Z@%m&?}'ﬁﬁb@ gﬁasuggggl@%gheslg}%f)@gi grafrea Emﬁci\ggg‘rsved in a
m xture of p@N Mrhed the ikl RBGurbQydilid WeleS279%THRSR], FVRHEN 811 188 hikabif ig 300 nl
batch after infusion at a lipid/amkacin flowrate of 300/500 15 mimn,
respect i ve¢xpectodtaubesoldsde. be proportionally adjusted for larger scale or if
different flow rates are desired. The am | acin solution prepared according
to above resul tBotahliquid irfsiomilowyraté800a1 000 mDinhiaaisicomppebldta sie) pedmkatt i on.

The lipid éol ution as presented was DPPC/ Chol (nmole ratio _of 60/40) with a
total 19 pi HowrateBiben usingtwp piodiaiiiton euiridges nT s ovakes Hapssible todp Li pi ds were

heated to g . | ' t amounts needed for a 300 nL
bat ch ar e:S@%E?%egg?{nﬁ%‘g{ﬂ%éﬁlgéﬁét@gb@gﬁlgﬁgﬁ% mL of additional saline
(or water) whi I S agge after or duri nag i%&%,sti Qn to?]&d% usf‘k' final ethanol
concentration. VEHGPHETRIPPRPTST BeREH8 Wab 8 2B ERT 2BEAFREYI nf usi on
system1s éiBﬁMﬁbﬂuﬁh?Hﬁ%n@ersﬂdn%&llo%ﬁbe?\rcﬁﬂﬁégé UFPS00IE-8NEA ?ﬁ@mﬂi‘aﬁ@ﬁ'reh n-1ine
using a Y-connegt or D3.2mm O 6.4 m at flowrates - 300/500 ni/mn
(i.e. - 1/140myéb 0.atmm).i hsthe figist step - the Suspension was concentrated to nearly half

15  ofthe original volume (150 mL). Then, during diafiltration to wash, the suspension was re-

circulated and fresh saline solution was fed into the mixture at a rate of ~6 mL/min in order
to match the permeate rate and thus maintain a constant volume. Diafiltration continued
until 4 times the suspension volume of the feeding saline solution was dispensed (i.e.,
4*150 mL = 600 mL). This diafiltration/washing procedure will be referred to as 4

20  “washes”. Finally, the suspension was concentrated (diafiltration without saline input) to
obtain the Final Product at a desired amikacin and lipid concentration. The recirculation
flow rate during the diafiltration step was ~350 mL/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
25
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(1979). 10. Cantin, A M and Wladerpobutien iyeRefeienceed Prol astin Suppresses
Bacterial Proliferation in a Mbdel of Chronic Pseudonobnas aerugi nosa Lung

| nfecti on Am Puthdﬁ@ﬁ@hﬁd ref@rétces (i‘ﬂdflﬁdlﬂgﬁut o Uitk (3 G ihétBﬁts ai®ppnt 20 11.
Ramseﬁ Dor ki n, ., Ei.senberg D., G bson Har wood, LR.,
Kr avi 49, applmatw@ 1techwhk§fsp¢:éﬁ%1@mazee@rqra Encomezatad by rﬁam%tnsthw t:rﬁlretyst c

g'mb { ﬁs' Z Illll\lﬂl\é[ enﬁﬂegﬁo?ﬁ& é‘teekc)ioafs 1F%@h 1@%11&21%91@1}&4& ot ?%%QEC%BHE%B nog?‘ﬂ?om de
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Anerican Review of Respiratory Disease 132:761-765 (1985).. 13. Price, KE.,
DeFuria, MY patendapplicadon tp, wshwh\ﬁhlkamlwatl%clemsm@nﬁceeﬂa@énwrpwateﬁ@yked
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15 Equivalents

While this invention has been deseribed with an emphasis upon preferred
embodiments, it will be obvious to those of ordinary skill in the art that variations in the
preferred devices and methods may be used and that it is intended that the invention may be
practiced otherwise than as specifically described herein. Accordingly, this invention

20  includes all modifications encompassed within the spirit and scope of the invention as

defined by the claims that follow.
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134: S249261(1976). 14. Damaso, D., Moreno-Lopez, M, Mrtinez-Beltran, J.,
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Pseudononas aerugi nosa and enteric -53 WD 2007/011940 PCT/ US2006/ 027859
grai n-negative bacilli to Am kacin and other am noglycoside antibiotics. J
Infect Dis 134:5394-90 (1976). 15. Pile, J.C., Malone, J.D., Etzen, EM,
Friedl ander, A M, Anthrax as a potential biological warfare agent. Arch.
I ntern. I\/Ed 158: 429-434 (1998). 5 16. Geiser, C A, Berdjis, CC,

Har t man, & d ouchenour, WS., Pathology of experinental respiratory
ant hr ax aca, mulatta. Brit. J. Exp. Path., 44:416-426 (1968). In
corporat tﬁff“ﬂg‘i ‘erence Publ i catl ons and references, including but not

Ilmtedto patentsazndp ent, 1 |ications, ltedlnthls speci fication

are her &in i AdPopIR yoogifle 95%‘ tipp, CQTRNifingh ipqsamy haying e higidehilaysre
portion cite Cand .
speci ficall ygldaa%cfi rhin 8&31&3@%& gﬂgﬂeggté gééll' tﬂﬁ}h%caoroggfgﬁg%ﬁgﬁ%&%*e httahsce
herei n as belesgthﬁmbﬂ squsletd thicarhdunt ofthy aqnatogtytcoa@@by waiight thetlipidibilaylr t hi s

application clains prio 0 j ncor por reference.herein in the
monner descr (U YE b pRosH RS AR b anBE CpBshoms s S5t Gt

Wiile this |0\{Qm)|5qﬂlcf@5§ been described with an enphasis upon preferred
enbodi ments, it will be obvious to those of ordinary skill in the art that
vari ati gns [ S

intendeg tha?h% ﬁ@sfﬁéggrl@%ﬁgcogﬂé tg}qﬁll?&@taﬁegﬂ ] g?%n?ge g‘ﬁ“g’gfﬂétﬂ)g ?l cal I y
descri bed helesd than &capaﬂnﬂ@l%pfthhlamoumm“mha mnaglyco’scdelb@e&lgitl nodi fications
enconpassed within the spirit and scope of the invention as defined by the
clainms Bhat T ligo¥omabenitballcdstdedbiut@ibn of clafin [1] WhGEiEhe AfbWRRGF the tipidie
formul ati on co rising a |1 posone havi a I|p|d bi | ayer _and an

ani nogl ycosi l§ %MPH@@@%H@%laWOUngﬂ@ aminpglyeasisterdy vestighthe |ipid by

wei ght is Iess than or equal to the amount of the am nogl ycosi de by wei ght,
the |ip#d bi Tfhwléposomequmihegsccaid@éqmmdatiqnmfsbhoIliwh@reiaarthle ammpglyodsideand t he

|1 posome has se‘;llecrg%at?om tHe Bt group confsmtlng of amikacin, gentamicin, and tobramycin.

5. The liposomal aminoglycoside formulation of claim 1, wherein the aminoglycoside is
amikacin.

6. The liposomal aminoglycoside of claim 1, wherein the aminoglycoside is gentamicin.

7. The liposomal aminoglycoside formulation of claim 1, wherein the aminoglycoside is
tobramycin.

8. The liposomal aminoglycoside of claim 1, wherein the neutral phospholipid is

dipalmitoylphosphatidylcholine (DPPC).
9. The liposomal aminoglycoside formulation of claim 1, wherein the sterol is cholesterol.

10.  The liposomal aminoglycoside formulation of claim 1, wherein the neutral phospholipid

is DPPC, and the sterol is cholesterol.

11.  The liposomal aminoglycoside formulation of claim 1, wherein the aminoglycoside is

amikacin, the neutral phospholipid is DPPC and the sterol is cholesterol.
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0.1 to 0.5 mcrons. 2. The |iposomal am nogl ycoside fornulation of claim1,
wherein the anmount of the lipidis l|ess than or equal to 75 % of the anount
of the am nogl ycoside by weight. 3. The |iposormal am nogl ycoside fornmnulation
of claim1, wherein the anbunt of the lipidis Iless than or equal to 50 %
of the anpunt of the am noglycoside by weight. 4. The |iposonal

am nogl ycoside fornulation of claim1, wherein the am nogl ycoside is

sel ected fromthe group consisting of am kacin, gentam cin, and tobramycin.
5. The |iposomal am noglycoside formulation of claim1l, wherein the

i nogl ygosi de i i kacin. 6. The |i, | aninogl ycosi de,of. claim 1,
aner ainne R Ibop e tueieeSge amadh o7 Thm SRR AEBRaI RIS o cos! de

formul ation gfioié Bpidk.1, wherein the am noglycoside is tobranycin. 8. The
| i posonmal am nogl ycosi de of claim1, wherein the neutral phospholipidis

di pal m | phQs ' L e : [ 3 i de
folrorml aﬁqgn of 1 Iai%Q{abﬁﬁﬁégég?lg@?ﬁ@atug?gfa?gn il:”no egg@#ﬁﬁ&h&@g@ﬁ@ﬁ%&
| i posomal anamiogglycsgiedelfiter nul ati on of claim 1, wherein the neutral

phospholipid is DPPC, and the sterol is cholesterol. 11. The |iposoma
am nogl y£osi Tie: lippsomblaininegpdoside af olailn 1 Wigt€ih thet dhtingTdvedk YCafikaken | S

am kacin, the npeutral phospholipid is DPPC and the sterol is cholesterol.
-55 12. The Sf“ilfﬁtﬁ’somal am nogl ycosi de formulation of claiml, which is
substantially free of anionic lipids. 13. The |iposonmal am noglycoside
f or nul at.on Bie linospmal Emingglycsiside phelaimmil ivagirgio dis aneinpglyepside anfohmgiypimosi de
sul fate. 14.S Tﬂ% | i posonal am nogl ycoside of claim1, wherein the

am nogl ycosi dei%s amikacin sulfate. 15. The | posomal am nogl ycosi de of

claim1l1, wherein the am.noglycoside js. .tobramycin. sylfate.. 16, The

1 pos okl an oy NG ORaE 9 St BT iRt s eRtar o
gentamcin guhifate. 17. The |iposomal am noglycoside fornulation of claim
2, wherein the am noglycoside is selected fromthe group consisting of

am kaci gy geﬁﬁeaﬁgo%rﬂal a?rﬂgoél?&rsﬁlw&h{ﬁlation of claim 2, wherein the aminoglycoside is

selected from the group consisting of amikacin, gentamicin, and tobramycin.

18.  The liposomal aminoglycoside formulation of claim 2, wherein the aminoglycoside is

amikacin.
19.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is gentamicin.
20.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is tobramycin.

21.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is an

aminoglycoside sulfate.

22.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is an amikacin

sulfate.

23.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is tobramycin

sulfate.

24.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is gentamicin

sulfate.
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18. The liposomal am noglycoside formulation of claim2, wherein the

am nogl ycoside is amkacin. 19. The |iposomal am nogl ycosi de of claim 2,
wherein the am noglycoside is gentamcin. 20. The |iposonmal am nogl ycoside
of claim2, wherein the am noglycoside is tobranycin. 21. The |iposoma

am nogl ycosi de of claim 2, wherein the am noglycoside is an am nogl ycosi de
sul fate. 22. The |iposomal am nogl ycoside of claim2, wherein the

am nogl ycoside is an am kacin sulfate. 23. The |iposonmal am nogl ycosi de of
claim 2, wherein the am noglycoside is tobramycin sulfate. 24. The

| i posomal am _nogl ycosj de of claim?2. wherein the am noglycoside is

gent ani épn S0 Fegsemal apinoglycopgde aficlaina dnwhergin thepufiabrliogghadipidis ai m 2,

wherein the d gl%{%hol ipidis a phosphatidylcholine. 26. The
| i posonal an#noB?@t R e of claim2, wherein the neutral phospholipidis

DPPC. . T Ny |. am no osi d claim2 erein. the rol is
chol est a5l | Bp b RE BB ARMOLEABHS, Bhei e bl ARGl S TP Er

neut ral ,phosphol.ipid js DPPC an the sterol.is cholesteral. 29. The
Iiposon&?‘anﬁﬂ%g?@%ﬁgiﬂ%mﬁgb%ﬂ%ﬂaﬂffgnﬂééW&FWnﬁﬁ%“gﬁ}ﬁ& PlSe9l-de is ami kacin
and the _neugral. phospholipid i PC. 30, The |iposomal ani noglycosi de of
clai m 2; SWnefTE? LPQSH@a Wwegliyw&fei ‘Eglaimé‘ 2anhersin; the agwral phosphalipidis D?f?c and

chol esterol . gRkerdihEcHIIRRQM! am nogl ycosi de of claim2, wherein the

am nogl ycoside 1s amkacin, the neutral phospholipid is DPPC and the sterol

[ hol ggt : 1 I ' S Lm 2 insth
ami nogl saosi abe HERamAl b PSSR o AR 2O ERR fifa o phEuichs G Refdprs
33. The |i pogemeltraphosphblisidss OBPOf cl ai m 2, wherein the am nogl ycoside is

am kacin sulfate and the sterol is cholesterol. 34. The |iposoma
anmi nogl Bgosi GRe Bhosedl dhiRogNERidR! T claitf 20Whé&rem! tNE AfindElyt SsidTs kddabin o84 f at e,
t he neutral phospholipid is DPPC and the sterol is cholesterol. 35. The
| i posormal anthestprgldeehalrstarelr nul ation of claim 3, wherein the aninoglycoside
is

31.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is amikacin, the

neutral phospholipid is DPPC and the sterol is cholesterol.

32.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is amikacin

sulfate and the neutral phospholipid is DPPC.

33.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is amikacin

sulfate and the sterol is cholesterol.

34.  The liposomal aminoglycoside of claim 2, wherein the aminoglycoside is amikacin

sulfate, the neutral phospholipid is DPPC and the sterol is cholesterol.

35.  The liposomal aminoglycoside formulation of claim 3, wherein the aminoglycoside is

selected from the group consisting of amikacin, gentamicin, and tobramycin.

36.  The liposomal aminoglycoside formulation of claim 3, wherein the aminoglycoside is

amikacin.
37.  The liposomal aminoglycoside of claim 3, wherein the aminoglycoside is gentamicin.

38.  The liposomal aminoglycoside of claim 3, wherein the aminoglycoside is tobramycin.
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selected fromthe group consisting of am kacin, gentam cin, and tobramycin.

36. The |iposomal am nogl ycoside fornulation of claim3, wherein the

am nogl ycoside is amkacin. 37. The |iposomal am noglycoside of claimS3,

wherein the am noglycoside is gentamcin. 38. The |iposomal am noglycoside

of claim3, wherein the am noglycoside is tobramycin. -57 39. The |i posonal

am nogl ycosi de of claim3, wherein the am noglycoside is an am nogl ycosi de

sul fate. 40. The |iposonal am nogl ycoside of claim3, wherein the

am nogl ycoside is an am kacin sulfate. 41. The |iposonal am nogl ycosi de of

C! ai m 34 .V\’hefﬁell ots&ﬁal.aa iH%&%ﬁﬂ%'ogglafn\?\%}Werrém% d}nngé&&ﬁfcﬁls éhZ. _The

| i posonal” am nogl ycosi de clarm 3, erei n the animnoglycoside is

gentam ci n anihbgyeosidk3ulfdibe | i posomal am nogl ycoside of claim3, wherein

t he neutral phospholipid is a phosphatidylcholine. 44. The |iposonma

ani nogl ¥g.0si Hig: @fossthal aMidoglyddRide o clhide 3 Nehtréia khe MO Pt dsiieds arSarkiRRGn  45.

The |i posomal am nogl ycoside of claim 3, wherein the sterol is cholesterol.

46. The |ipowdfatel ami nogl ycosi de of claim3, wherein the neutral

phospholipid is DPPC and the sterol is cholesterol. 47. The |iposoma

ami nogl 4tosi Bee lifoseraliamigoglydosideiof claine 3 amhieneiy thecmsinogly¢osidans fohmmyciand  t he

neut r al phos§ﬁ#%$ pidis DPPC. 48. The |iposomal am nogl ycosi de of claim 3,
0

wherein the gl ycoside is am kacin and the sterol is cholesterol. 49.
The |ipgso m nogl ycqsi de of, cl.aim 3, wherein the am noglycoside is
am kac! f?b*e Hhoge %hanﬁmggmaﬁdpaf glaxr%imﬂrfeelaﬁw ATHEORy e 1S SEARIPBs  or of

50. The li po | am nogl ycosi de of claim 3, wherein the am noglycoside is
am kacin sultfate and the neutral phospholipid is DPPC. 51. The |iposomal

ari 100l Y051 46, 9L06h A1 WISIGE LF oBl)Es ARNAHNERRI IS ST gk sul fate

and the ster I's chol es I posomal "am'nogl ycosi de of claim
3, wherein tfiwsphaidglgholinesi de i s am kaci n

44.  The liposomal aminoglycoside of claim 3, wherein the neutral phospholipid is DPPC.
45.  The liposomal aminoglycoside of claim 3, wherein the sterol is cholesterol.

46.  The liposomal aminoglycoside of claim 3, wherein the neutral phospholipid is DPPC and

the sterol is cholesterol.

47.  The liposomal aminoglycoside of claim 3, wherein the aminoglycoside is amikacin and

the neutral phospholipid is DPPC.

48.  The liposomal aminoglycoside of claim 3, wherein the aminoglycoside is amikacin and

the sterol is cholesterol.

49.  The liposomal aminoglycoside of claim 3, wherein the aminoglycoside is amikacin, the

neutral phospholipid is DPPC and the sterol is cholesterol.

50.  The liposomal aminoglycoside of claim 3, wherein the aminoglycoside is amikacin

sulfate and the neutral phospholipid is DPPC.

51.  The liposomal aminoglycoside of claim 3, wherein the aminoglycoside is amikacin

sulfate and the sterol is cholesterol.

-58 -



sul fate, the neutral phospholipid is DPPC and the sterol is cholesterol. 53.
The |i posomal am nogl ycosi de fornul ati on of claim1, wherein the anmount of
the lipidis less than or equal to 91 % of the amobunt of the am nogl ycosi de
by weight. 54. The |iposonmal am noglycoside fornulation of claim1, wherein
the amount of the lipidis |less than or equal to 83 % of the anpunt of the
am nogl ycosi de by weight. 55. The |iposonal am nogl ycoside fornul ati on of
claim1l1, wherein the anmount of the lipidis |ess than or equal to 60 % of

t he amount of the am nogl ycosi de by weight. 56. The |iposonmal am nogl ycosi de

of claiml, ey . | LpLd: i . e \VAE line. 57.
The I poZonal e upaRale SnliOUlyeaa HRRRNY. WAL e Ay RIRSBIAS L MLIGRRL ' 1

am kaci n and sulfdtg tiendutral phokpisybibid is DPECi and DRREro 5 chdlbsterbl. posonal

am nogl ycosi de of claim1, wherein the am noglycoside is am kacin and the

sterol i53. chahesipeyodlal alafhogihossidd oes0IERIN GlHAA, Whekiride @hothtaifMclipidMier ei n
t he am nogl ycoside is am kacin sulfate and the neutral phospholipid is

DPPC. 60. Théess thepepagial tonf Indif yhemanat offthe prainegly cosigrdeyeight e
am nogl ycoside is am kacin sulfate and the sterol is cholesterol. 61. The
| i posome¥. aniThedipgsoori aminoglycosidenfotmulatie efiolrimhle whaicirotk pomouitad thedipadriskaci n

sulfate,  the neytal RIPRAIOIIRUEL dfouRPBIGHE Rk I oS § whign€hO! esterol . -59
55.  The liposomal aminoglycoside formulation of claim 1, wherein the amount of the lipid is

less than or equal to 60 % of the amount of the aminoglycoside by weight.

56.  The liposomal aminoglycoside of claim 1, wherein the neutral phospholipid is a

phosphatidylcholine.

57.  The liposomal aminoglycoside of claim 1, wherein the aminoglycoside is amikacin and

the neutral phospholipid is DPPC.

58.  The liposomal aminoglycoside of claim 1, wherein the aminoglycoside is amikacin and

the sterol is cholesterol.

59.  The liposomal aminoglycoside of claim 1, wherein the aminoglycoside is amikacin

sulfate and the neutral phospholipid is DPPC.

60.  The liposomal aminoglycoside of claim 1, wherein the aminoglycoside is amikacin

sulfate and the sterol is cholesterol.

61.  The liposomal aminoglycoside of claim 1, wherein the aminoglycoside is amikacin

sulfate, the neutral phospholipid is DPPC and the sterol is cholesterol.
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