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(a) amphotericin B;
(b) one or more fatty acid glycerol esters; and
(c) one or more polyethylene oxide-containing phospholipids or one or more
polyethylene oxide-containing fatty acid esters.
In one embodiment, amphotericin B is present in the formulation in an amount
from about 0.5 to about 10 mg/mL of the formulation. In one embodiment, amphotericin
B is present in the formulation in about 5 mg/mL. In another embodiment, amphotericin
B is present in the formulation in about 7 mg/mL.
In one embodiment, the fatty acid glycerol esters comprise from about 32 to about
52% by weight fatty acid monoglycerides. In one embodiment, the fatty acid glycerol
esters comprise from about 30 to about 50% by weight fatty acid diglycerides. In one
embodiment, the fatty acid glycerol esters comprise from about 5 to about 20% by weight
fatty acid triglycerides. In one embodiment, the fatty acid glycerol esters comprise
greater than about 60% by weight oleic acid mono-, di-, and triglycerides.
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esters, thyl ene
neutropenia. Fungal infections treatable by the formulations mclude asperoﬂloms

blastomycosis, candidiasis, coccidioidomycosis, crytococcosis, histoplasmosis,
mucormycosis, paracoceidioidomycosis, or sporotrichosis.

In another embodiment, the disclosure provides a formulation for the delivery of a
therapeutic agent, comprising,

(a) a therapeutic agent;

(b) one or more fatty acid glycerol esters; and

(c) one or more polyethylene oxide-containing phospholipids or one or more
polyethylene oxide-containing fatty acid esters.

In one embodiment, the therapeutic agent is present in the formulation in an
amount from about 0.1 mg/mL to about 25 mg/ml of the formulation.

In certain embodiments, the therapeutic agent is selected from the group
consisting of anticancers, antibiotics, antiviral drugs, antimycotics, anti-prions, anti-
amoebics, non-steroidal anti-inflammatory drugs, anti-allergics, immunosuppressive
agents, coronary drugs, analgesics, local anesthetics, anxiolytics, sedatives, hypnotics,
migraine relieving agents, drugs against motion sickness, and anti-emetics.

In certain embodiments, the therapeutic agent is selected from the group
consisting of tetracycline, doxycycline, oxytetracycline, chloramphenicol, erythromycin,
acyclovir, idoxuridine, tromantadine, miconazole, ketoconazole, fluconazole,
itraconazole, econazole, griseofulvin, amphotericin B, nystatine, metronidazole,
metronidazole benzoate, tinidazole, indomethacin, ibuprofen, piroxicam, diclofenac,
disodium cromoglycate, nitroglycerin, isosorbide dinitrate, verapamile, nifedipine,
diltiazem, digoxine, morphine, cyclosporins, buprenorphine, lidocaine, diazepam,
nitrazepam, flurazepam, estazolam, flunitrazepam, triazolam, alprazolam, midazolam,
temazepam lormetazepam, brotizolam, clobazam, clonazepam, lorazepam, oxazepam,

busiprone, sumatriptan, ergotamine derivatives, cinnarizine, anti-histamines, ondansetron,
4
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of a phospHhtteagyPhosHEheY s e lasEng selnshEpee gy orlts dp tone |sbsfiEieatiddi nent
t he pol yet i.ges Ml el ri e o

di st ear oyl r&ﬁ%%%ﬁé@?&@ﬁ“ﬁ?%ﬁd&%%gﬁﬁ%gﬁ e%dﬁy Ig%é%gi%c%?&tseglf{?m Ilhr? %%Lg}

enbodi nEnt ,conbigingi sft eadigyirpyipsphadtiddy lethendlamole apilyeh poley elyhgll ik sgt, yecol

salt is selected fromt. gro Qnsi stin f. a distearoylphosphati dyl
et hanol ani Stﬁ%?%}%ﬁ%&%ﬂﬁ gl ?/tg%fo B85° salPt ,g’et Y§PSt e )6;3?{ phggghatslggyl ¥
et hanol am nBsteebystdyi08 gl yoaloidmde salpblyethyltnst eatyayl phasphatshidy| 2

et hanol am ne pol yet hyl ene gl ycol 750 salt, a
distgaro%.phosghatidy} g (%/thanolamine polyethylene  glycol 1000  salt, a

)

distearoylphosphatidy! ethanolamine polyethylene glycol 2000 salt, and mixtures thereof.
20  In one embodiment, the distearoylphosphatidyl ethanolamine polyethylene glycol salt is
present in the formulation in an amount from 1 mM to about 30 mM based on the volume
of the formulation. In one embodiment, the distearoylphosphatidyl ethanolamine
polyethylene glyeol salt is an ammonium salt or a sodium salt.
In one embodiment, the polyethylene oxide-containing fatty acid esters comprise
25  a polyethylene oxide ester of a C8-C22 saturated fatty acid. In one embodiment, the
polyethylene oxide-containing fatty acid esters comprise a polyethylene oxide ester of a
C12-C18 saturated fatty acid. In one embodiment, the polyethylene oxide-containing
fatty acid esters is selected from the group consisting of lauric acid esters, palmitic acid
esters, stearic acid esters, and mixtures thereof. In one embodiment, the polyethylene
30  oxide-containing fatty acid esters comprise a polyethylene oxide having an average
molecular weight of from about 750 to about 2000.
In one embodiment, the ratio of the fatty acid glycerol esters to polyethylene

oxide-containing fatty acid esters is from about 20:80 to about 80:20 v/v. In one

-5-



di st ear oyl phosphat i dyI et hanol am ne pol yet hyl ene gl ycoI 1000 salt, a

di st ear oyl phosphatid et hapol am ne pol yet hyl ene, gl y 2000 sal t, and
m xt ur e3nREpeEst the|rﬁ9/ 19 Ae hendsBliaridng! ycqrﬂlge%?ré R RPFID pfﬁ‘@g (SPAer gppfaining

et hanol @f), REdROKat MydueBe.4ghweol salt is present |n the formulation in an
amount from1 mMto about 30 mM based on the vol of the fornul ati on.

I n one enbodiPrsgtemboREnt &%&W%Nﬁs@ﬁh@ﬁ%ﬂp@%ﬁﬁfa}%%’ea%?ﬂ‘?éétsﬁyl ene

gl ycol sl hbdu® 189 RWARAUM salt or a sodiumsalt. I n one enbodi nent,

t he pol yet hyl ene oxi de-containing fatty acid esters conprise a polyethyl ene
oxi de ester lgfong e@s@z@%alﬂ%%eé%ﬂﬂaﬂ% §sefeqrpulsifying aisedmyannERE™. t he

pol yet hyl ene[n%ﬂo@?er%%(ﬁhﬂéﬂ?gtﬂea&rsyioﬂﬁé q;r&ﬁa@sr 8 RANN ifS€ admPN ey | ene

oxi de ester of a Cl2-Cl8 saturated fatty acid. In one enbodinment,  the

pol yet HjF@Rentisx persit.c ARBITIT S g;tdfnamﬁs?nagu & tharpsugici ageab foprdation ¢ theie group

consi sti,0ghRh et Eitfe@Gh he€3 08 s8ech B tinCorRChALERHAS th F@ulfioAGE d
esters, and m xtures thereof. |In _one enbodi nent, the polyethylene

oxi de- casmigisiereskorrliy.t p aaether eebeélgleebﬁlﬁrﬂoeeulaﬂ%wemwseﬁél tORICYE - havi ng an
average nol equl3fhMeh@PEinkht, [thO M BROME pfeldéLa %@ﬂﬂés@&p@m formulatingdla ONe
embodi nent, the conposition further conprises glycerol in an anount |ess

t han aubmapqm%quntv\mrgmsmg, I n anot her enbodi nent, the disclosure
provides a rr@ hodogeq;”g&g @g{{yagddﬁ@y@ergﬁ&g@g%ﬁgl c agent, conprising conbining
a therapeutic agent with a conposition of ‘the disclosure for folinulating a
t her apeut i ¢ @yent onepESERICPPLONDETHEIERIVWINGS phospholipifls qramegBimjeaspect s
and many,; éthﬁ@;?e&ElH@@&lﬁﬁhm%qy@E&@%&e@f this invention will becone nore
readi |y appreciated as t sanme beconme better understood by reference to
the fol | owi nig areteabodinentdbe fastviasil elprsnl eskkerPMPIIEdH AR SR iRkt t he
acconp A I L.l usg of
Aphor o o e BORAL DEy-acld RS R Rt R Pt ur e
of di st@égrwmppesqo e abput &9 ﬁaﬁbcptérﬁor{ebpjoweh’frfwteﬁedgdlgbfswm%odnawﬁom um
salt ( g’%@%@c}%ﬁy acid glycerdl @tﬁgc@mgﬂgeoeaﬁsdbempﬁo%@ﬁ@m%%lv%mp g/ n)

in an Arrp/PE rntlati on and presentative AnpB foi mil atjons of
t he i nviatyiasid (uighy @rﬂeeecm ¢BSPEbEEEepHOD) feton paidnglvgerDSPHESEGIITDO at

concent %r%&ﬂe%%n%oéﬁo%%y @ htl(ﬁ&Macnd mono-, &il, G gcéiﬁﬁpar es the W
absorb Eectra over ti representative A formul ati ons of the

i nvention ( enRgPEePEDF p@ﬂyeﬁaﬂerm@ﬂ%mﬁpmgmh@ﬁ@o(l@lce-cpslmsw )
| ncubat ed d» &kﬁ?‘ﬂe&tﬁﬁ%%ﬁ Lz el 4 ﬂo%ﬁg:(}&'l eth nolamiﬁtl: GFRERRr08& €S

standard curves fromt ata in F |ne usi rig peak héi ght at
407 nm %8 cbnere gobodiments tﬂsmaehyqth&me§1®fcontﬁeen&w§©mb@h§@s \REMPIIgEHA

2008/ 1e§§t§§f’9 ho ]%ﬂ%or wﬁ?ﬁ&%fa%nﬁ g%g&ﬂgén %&‘ﬁ\ gl | flﬁro%@t entlo@ff@f dneur ve was

pr epar ation mol ecul ar wei ght vari ed.
FI GURE @s@mmhegnhahéylﬁmlmmpe oplyvatipyBne glycep st rickaciodelrm the BB ons  of

:[Aprg BI/ g\é ?Hiﬁf . w%eﬁ%ﬁ@%’ Ehﬁ@l 3el‘l:ﬂQameﬁt’?xﬂne % 151162@%251 W hafin g

ati In sinulate gastrlcflwd asafunctlon
of ti medigtearoyRhospintidi20 ethapolamine polyethylene  glycol 550 salt, a

distearoylphosphatidyl ~ ethanolamine  polyethylene  glycol 750  salt, a
distearoylphosphatidyl  ethanolamine  polyethylene  glycol 1000  salt, a
distearoylphosphatidyl ethanolamine polyethylene giyecol 2000 salt, and mixtures thereof.
In one embodiment, the distearoylphosphatidy] ethanolamine polyethylene glycol salt is

present in the formulation in an amount from 1 mM to about 30 mM based on the volume



FI GURES 5A and 5B conpare the stability of AnpB in representative
formul ati ons of the invention (PECEOL(r)/ DSPE-P 350, . 550, 750, .and 2000,
desi gné%f_eHleP@G@%%"FSSd? ?%,em%@g@?eﬁie %%éﬁﬁt%PﬁﬁlW}ﬁﬁldé{ 95\}!1&538 PEREQL
formul a4 }%ﬁn@g L Qalf AShegESsAL e Skt BPhabsdmi afestinal fluid (FSSLF)

In

wi t hout™ ["eci ) and wth 10l ecithin (5B) as a function of tinme (10,
30, 60, and Ih2@ermniodiment, the PpigcRE@ecmidrarcataining fgtapsiid estorseommmss i n

represent ati fornmul ations oft i i P. / - 0, 550,

b o SbubSich el A B Lsi AL AR SERCE Ghd CRSEERSE @27, o)

A B/ PEGEQH(yigne enidribaithiaheafuitP 4€6di aatesd cathpiec polyebylenabxitik estdr ¢S4AF) with
ancreatin enzymes a function of ti 10, 30, 60, and.15120.m n).

P R Gl R Ar et st o bl Pt polvefiten MRTHAHENE] dneys

of rat spipheatedWstRitrad M 1/l b ﬁié&s@ﬁﬂxgtdﬁ@ﬁ&dadﬂ@ EReGOpAI®lic acdd

AmpB/ PECEOL(r) fornulation (10nmg/kg), a representative AnpB fornul ati on of
the i nwsters, cteatiamsil PrREEQG PDSREIPEE D 0B0one evbetinerl thhpEyB8PELPEG 2000,

10my/ kq),.. 5.2 L NECaveR B%g:g:[ ﬁ'feﬁ : : /

FI GURE 1%%‘?%12@%%% a?ltgi %gggﬁtgﬁcans c%e;l%eélt a!tlgg&?lé ?%E%/ﬁjﬁ%ngfs ﬁytﬁg—l)ag?gans of
rat s i nheletwddr wiitght @aheh dbowal7b0 cammuadtld.reated with control, an

AmpB/ PECEOL(r) fornul.ati 10ng/ k a,representative, AnpB formul ati on of
the i nvent i o‘%%ﬂﬂﬁﬁgﬁéﬁﬁg}bé f?fgg?fé‘?%;iz@%’b IRIEST é@ﬁ?@bmA RS 2000,
10ng/ Kghan 28300098y R¥iemous ABELCET(r) (designated ABLC, 5ng/ni).

FI GURE 9 conpares plasma_ _creatinine (nmg/di) .in rats infected with Candi da

al bi cans andnt prtkEdcPedimERintthe| IS BEMECEDIPFIOT dPiP Y FHE 2ony/ kg) |

a repr V. e@m@ 1Y AhibAn®fa thBSpbesehORitl ition of th

(AmpB/ g&%%}(drc) F’E—ll%gl %%lggoo, dels] Snat egl A}rrp /DSPiE-léE(gmz%oosbfonl%rrg/e kg), and
i nt r avedisdssunBir GET(Wtingoebrgpaitsdkg8®ABLC, 5ny/ nl) (bl ank, Ohr, and 48hr).
FI GURES 10A, 10B, and | kon (nmg/m) in
representative AnpB for%‘?%@?@ﬁg%w&eﬁl?ﬁven ingﬁls

( AnpB/ PECEOLTHe fokdokig dbEdty akiiinddy ofiie BHEEGROLVatial &40 IR i vé@ibd 3vill and
AnpB/ PECEOL / GELUCI RE(r WD 2008/ 144888PCT/ 008/,000975 53/.10) at varying
ratios leﬁwmem(rpa@@aﬁmcr@ef B0EGAB6: 560™E attf_zfd%néersw/osl?vya%ef%?@afand
24hrs. the followin ilel GQBRMAS WNERBRGN GLBSAjakdtRR ith @hd gédddlpanying
concentration, 5ng/nL) over tine (O, 1, 5, 7, 15, 21, 28, 36, 43, 49, and
56 daysdrawgigsan AnpB/ PECEOL(r) 5 fornul ation (designated PECEQL(r)) and

representati f.or ol atd t LRV &Nt LATPB/ L GELUCI RE(r)
44/ 14, 50/ 50%{]%%@?#1) ;lp &&9%@%&%@@%‘8&% 15‘9% DSPE-(IK;EI 000) ,

FI GURE 12 cOFigHIRE 1BmpHlusaicentheatdhemicado otriginal ofc ofistemrpylphosphatidig/ ml)
over ti (10,. 30,.45, .60, .90 d 120m n) | i astric fluid (SGF)
for an % &m’i\%@ﬁﬁﬁb’@ yiens elxsehe na‘%lﬁaﬁwﬁﬂ@g?ﬁ{"%@‘é‘%g B formul ati ons of
the inventi op[{ARBB/ REGESes rAmEEL UG REGEdord 44 d4hL) 50 B0; Aand/ BRPBORECEOL

/ DSPE- PEG 2000, 15 niM DSPE- PEG- 2000) . FI GURE 13 _conpares Ar‘%B

concent foaEpkEHOR 0, @GPl gi AETCEBIREERL r AR,  EPRIIRBONSVePT ¢ | (18YemE 45, 60,
90, 120, p%‘t%@ il et Shab oS t 8dpi b Ebttieti dREQSS| F) for
an AWB%E%/G_U @?%Fa@gﬁbg@dcﬁtg&g@eggﬁ?gﬁeOGAmn%tB for'e mul ati on of the
:A\nvgnt i D0 fmaB?rﬁ’EEES_ /_GE!_UC: RE(r) 4t4/ 1t4_, 50/ 50) . FI GURE 14 coggar es
npB concen i 0.00 i g i.0 ver 10Q, :
25 60,00, KBt REALAGRE He BB RE R SPrep B P K by

( FeSSI FanipB toreniions b6 theainvanps/ PRCEDL t/DSPEFMLE pit cnicandogcengpiesent at i ve

AmpB 20 forpul ation of the.inyention.( CEOL(r) GELUCI RE(r) 44/ 14.

50/ 50) . .58 he }@Fﬁgi@ &‘bﬂﬁ‘élyaé W@gﬁﬁﬁﬁati on (% ori gi nal

concent r at i OpJGORE/IH-LoRy8Es bii®ird 10rvedGrond Bhe 802 19BIGURE, 2. 8ndndARI n) i N
fasted-state sinulated intestinal fluid (FaSSIF) for an AnpB/ PECEQL(r)

f or mul avsiempeakdieaght eptEsmn tia o uaBBsEBEHd L PO SPBRESIHISSM on

(ApB/ PECECL(r) GELUCI RE(r) 44/14, 50/$0). 25FI GURE 16 conpares AmpB
concentration (1% original concentration, 10ng/nlL) of a representative AnpB
formul ati on of the invention (AnmpB/ PECEOCC/ DSPEPEG 2000, 15 niM

DSPE- PEG- 2000) after seven days at roomtenperature and 43C (AnmpB neasured
by UV absorbance of centrifuged sanples after specified tine). DETAILED
DESCRI PTI ON OF THE | NVENTI ON




30The present invention provides conpositions for formnulating therapeutic
agents. The conpositions are effective for solubilizing therapeutic agents,
particularly difficultly sol uble therapeutic agents. The conpositions
advant ageW@IrpIdfiitince t he bioavailability of the therPsFEUzPEBalENts. The
invention al so provides therapeutic agent fornulations WO

2008/ 144888PCT/ CA2008/ 000975 based on the conpositions that are effective
for the deli veré of therapeutic agents, particularly oral adm. nistration of
t her apeut | CORRFBAREON. Afp ﬁtffcéw SrRGEd fYFRuI At PERared rfal gadaimeriiion ydernhe
prototypi C (RAPEG mdIQWBY §eichPRgic@f skill in the art will appreciate that
such fornulations are applicable to a variety of therapeutic agents.
Accordi ngly, inFdRERE 4 eoppraests, the kiebilimamhinp iprevésdetstienfonotleionsioh B

formul ati ons se i 1,1 m i n_ B, f :@ans
effectivel fwsc% "Ubi ?@%&)Q@r{ppﬁgi eri c??ﬁ@& g%d‘?}ng Ec))f%‘%aatni %rﬁgﬁ@\ﬁ%‘

i ncreased gopihoiten o BT (Bincondend patdoihdd angfunation dfainsa(1e, 30, aw] 130romb.de f or
enhanced anphoterjci Anphotericin B Formulatio 10l n. one aspect, the

o csont i pvent SHOBRES oot o arPEFn S FOPAY ot HEZE ndt ROUSRa Sraki ng
the formul ghimangiontebhars hemuasniprcHRSDIPRMBLOLED! 6k, Bstiskag idoe,
formul ations, and nmethods for treating diseases u-eatable by anphotericin B

by admi ni stdskigrricd HeG BaPrplati0or@0. mpssbtay) withapAme BATF @ Glecorpaiation
antifungal agent,, a0d;al, PhGIRN 1inﬂe§tintaf‘§ui€lr(ﬁi§§ﬁ:f) wié@utﬁl@&lhefr?gﬁgranhrvﬁﬁlt' ng
nost serious systemc fungal I nfections. The drug binds strongly to

er gost ol ,leathima(58) as4 emoliorcadmponént 30060 fanddad mmenbr anes, form ng pores in

yeiar e AU & bR B A R B FBAT R 6 £t on

due to sevafanivniPROFELF®IPEIRES 350,550, 1750, a0l edsigiad BERSS@ 3S0F ong

bi ndi ng affini tg for 20 cholesterol, a sterql present in nost nammalian
cel | menbr anfs 20hdeimseiehoreith ¢n MpRBFESOL) Krapiationy 2hdst sepipylaerhi s
leads to repalid O IMFPlvidNBndEMr o396R0ds AMRRANEH Gind (B, QL absOr bed
in the gas??%%ﬁag???ng%?récrﬁge T) %ﬁ? o 1ts poorn sol ubi(l i’ty’andai ts
sensi tiMit yl20anithe aci d environment of the stomach. To overcone this

probl em anphot eri.cj i S_use arenterally as Lip - ( ANBI. or as
col loidal 25 di%rsz%@?% ﬁ%m?ﬁf‘fjﬁc’fﬁ?%\@fé(“?éffmﬁiﬁﬁﬁ‘&%ﬁ?‘3“) ormbﬁ‘gt'\‘ﬁé‘g%‘r’ﬁ of
certain sysh@mntcfadngah Cofdatt abnsn{ Ant kemnteanditReoonn@00h. Akppirixtazed
antifungal agents: current status. Curr. Phann. _Des, .5, 3%93-41?‘%. .
However , i iPFav##BusIPHE&eYi on BHESTHRIUS! OPRT EarpHBHRY i BF nbe Adiation
signifi can_t(A%é@aﬁl}\z@%ﬁ%%pﬁ&ﬂz@mm,haeg;@{afeavanﬂmpﬁm-moanmg@ﬁl on of
anphotericin B has been 30 gssociated wth considerable fluctuation of
drug co¥fcerrneanttayarous BB ogesi g dsi Bl efmEed)s such as nephrotoxicity
(Muller et al., ; g\lgpg p . Ul ey f I ol ubl e
drugs-rational e Fﬁgg&&eve o%%n?@ﬁ%p%%t%%&ggﬁgé%éﬁu@g} &tﬁqg%ﬁ%ﬁ. I n:
Ni el | oud, Fats iBoctdd- Vbt €@sliddGalbidads .ang Rhasdmatte utontal, emheBRTECEMID
suspensi ons %\D 200 /14%2@8PCT/ CA20 00Q97 P%_enu .Presg/ rcel Dekker,
New York, pp™S#¥m08)me&8lofy "PRSAGETi O R {HEURPGh Ebst™ ¢RE 1] ecti on
and i nf usi qmrgmmﬁd:a@mﬂmm-mbo@@rh@éighaa_éhw@pmbgeﬁmmdyd%g), _
conpliance and technical problens with admnistration in endemc countries.

I n one.%m@&ﬁﬁ‘ﬁm"?n@ﬁé\%ﬁ%t(dF%Wi%L%@?%@HBS these di sadvant ages by
5 providing an aiBhies ic6hPal; HRLHN Rdiahet RataraD e ddmbdivaterssd:ar ally.
The oral anphotericin B formulations of the invention can be expected to

i nprove patdlipensc emplticatsd e wahdeangol. npr dvepiRECERAC okirmakatiers (6fmehe). dr ug and
Lo | ner eas G L, IR0 Al itk RSP SPURLY LR ShpbiASleo  TBEAE PEEbRGB s an
antinycotic polyene antibiotic obtained from ept onyces

10nodos us MEFiEnaAap AatpBrDSPRBESAAE0 g it gtloheni aahtepas ABELCET® (designated

[2I7§- (zéE ;,1 Eﬁt@@mgﬁ)’ @%k,%ﬁ?dn%ﬁﬁr’).usw’ 17R*, 18S ' 1, 19E, 21E, 23E, 25E,

E, 3312*, 35S*, 36RIGBRES) 1A331UH, 3a@di 100~ Zohipshe daeis BobkeARARAPYHAAASY tn
oxyl1l, 3,5,6,9, 11,17, 37-oct ah , , ] ® ®
ydr oxy- 15, Tepresniatiyvereb iph - fogmpiaens4 0B sheqingaline yemeB 4 CE0L /GELUCIRE

nonat ri aconigrsl 9,21, 2Br@Ro2 Px A AARRePtRAAS- 38 CRMBRMHCHD 35k EE UERE:®

chem cal
R



15structure of anphotericin B i's shown in FIGURE A Crystalline
anphotericin Bis insoluble in water. I n one aspect, the present

i nvention provides anphotericin B formu auons The anphotericin fornul ations
of the inYenRtlIsEMASEHcl ude (a)anphotericin B, 20(b)one SETHBRWSPHUOTY aci d
glycerol esters; and (c)one or nore polyethyl ene oxide-containing
phosphol i pi ds or one or nore pol yet hyl ene oxide cont ai ni ng fatty aci d

esters. In representative formul ationg, hot ericin is present in
an anmount SPOM aibeutingrasos of BEGEPL @%WEof(ﬁ(t » Pontnddq: @h"f"}ﬁ‘%ﬁ‘e
enbodi ment ,, & tericin B or 25 pharnmaceutically acceptable salt thereof

is present ITnthe fornulation in about 5 ng/nlL. |In one enbodi nent,
anphotericin B 8IGURE 1@tmmpamemttfabdmjcelarfé:iept(%bd)@is@ICDnCteh@ﬂtt'emf Sing/ndriesent

in the formul ation.i bou oter

f or mul at i off¥ W@fiﬂa’eﬂoﬁeﬁofs r%rgé’&? 4 & a“%| yc gpijgegf’é# ﬁ'ip% Eto;;‘pl cal ly,
a m xtuse @brmfuadedoy @@kzgmgwqmaﬂotést £1CS rephSettaee: hafish rrot—dneazme mf" fat ty

aci d 30glycerol esters" refers to esters forped betvveen cerql &gﬁj one or

more fatty BEPHE (ABPEEHFWordiLUGRE™ iét 130 SQesEtnérfémPB EOL™/D

gl yceri des)pE@JQé@bllemfh@gSyEq@@%@gycI ude saturated and unsaturat ed fatty
aci ds having from ei ght (8) to twenty-two (22) carbons WO

2008/ 144888PCT/ me&gligmmreatw ¢oneentratiog- (@mngzm topneggirgep. Smg/meler t ai n
enbodi nment s e.fatdy, n The
fatty acid Oa ryc a(% ée%% 6192??11? d S[It"ﬁq?f"ggs% at| Estk%:(a{ﬁ&!b@g)o%rdaed
commer aijal I/ym@'faht’:am@ foatniesem an@ reemsesawtcat\mpB foorbuleonk @if ththGlVFiﬁtﬁdny aC| d

i el o Jembaariof RelitiRedea st it A8 BEREDT B BB I ont

referred tosasvdpicerylombeat e” or "glyceryl nonool eate.” Wien PECEOL(r)
is used as the source of fatty acid glycerol esters in the foinulations,

the fatty acid GIGEBEOS w@smers ‘sompreowentatom Gheigingd opsnipiu S50y
wei ght fatt Lpceni f t ht
fatty acid &éiﬁﬁfggéﬁ@ggg |4§ . Qﬁag?r%]%ma%%gﬁ lgsiggtsg%egﬁw% Lé?cgyn Iugj fatty
aci d trlisgl yEﬁSIH)efsar al hmpmrlﬁ(yﬁ@b tbrghiater ald zesape:tssltmvmlﬁhfogmeiatxm oft han

Qner fat tysrirghyRaRbrcd e B O paim ti e atia (06) (1 ess

than about 12% FIGURENI4C o ? s (S chdcessalonan axbgmtt BWentrhiigrobeiztniaci d
(C18:2) (less than about 359 . linotenic aid (C18 (l ess than about 29,

ar achi di ¢ &PtimesI¢.HYS( PesY. RGN SLH MBI, feéﬁﬁ‘%t‘%?&@dﬂﬁs%@ﬂ duc20: 1)
(l'ess than abayt) % en ﬁ%ﬁr@tﬁ )Arﬁt%?Pﬁtﬁgiﬁ @&jttH}?zﬁtottrdﬁg 23byeenelivd hypiscal I'y

about 1% . I n one enbo fatty aom g esters conprise about
44% by Aei dhtmuflattomnyof @lmzdvqmnmmmt;@ﬁ%ﬁ@@i éiﬁb&iCIRE/oﬂrwﬁiv@/ﬁ})t fatty aC| d

di gl yceri des, t. 9% t fatt tr| yser

oty aci d gl yobror Reararidtas nes basBhioony A HAehl RS Biricte: 1)

nono- , ,Ov&()mﬁéldl(l rkPogLy aer beego, ﬁthllOmfua)tth )faﬁﬁll—ﬂatglsiytﬁﬁt@i inestie Sluidcl ude

esters of p aci d ut 499 , earlc acid (C /().
linoleic aé?@g( OH§n é&b’%@éﬁ QURHBHRM P %fﬁafeé@i@"ﬁy”“’éﬂjpe&mtalib‘ta

arachi di ¢ agd dvidadd) aldpeasEdiarrdfucaE? eieosese).c acid (C20:1) (| ess than
19 . In certain enbodi nents, the fornulations of the invention

can i n@bude gl yEXFERE| 1§ commarca ot canegsrati (7 apigie! amosistomilgme/mL)
Anphoteri cijp q’?@ﬁfewﬂhﬁ% Oﬂﬁtpep%r;ﬁ‘afahxta elre th@('ng@nt?% t(ﬁln BRG:AIMaSONebE Pi ds

(DSPE- PEGs), The anphoteticrn B ations 1nc ueoeor nor e
pol yet hoxyIPaCeaO(}{l pbdsM DﬁPBfiﬁECeaﬂ!ﬂ@éhaﬁemevem ldeyspal ipenhonptratiedand f3°ds are

ool Yot 1 06 ASSSOTL L D RAGERISLLRL IS B8 LG ol o1 Y1 ene

oxi de- cont ai ‘Alrg" p 0s
pol yet hoxyl ated | i pi ds MMMUBEB&RWOMEEHEMWIM fatty acid esters,
or a mxture of _polyethyl ene oxi de-cont ai ni, n%c,fplf? %}I/)Pac_i d esters.

Accor di*figl y, i n SRETSRYJBYTRERE Pravifls SATRBTEN BRI PSEPBHE BEDEhe

i nvention imhelcdfiBositions are effective for solubilizing therapeutic agents, particularly difficultly
soluble therapeutic agents. The compositions advantageously enhance the bioavailability

of the therapeutic agents. The invention also provides therapeutic agent formulations

9.



WO 2008/ 144888PCT/ CA2008/ 000975 (a) anphotericin B; (b) one or nore fatty
acid glycerol esters; and (c) one or nore pol yethyl ene oxi de-contai ni ng
phosphol i pids. As used herein, the tem "polyethyl ene oxi de-containing
phosphol i §oQuisfigfse¥ s to a 5 phospholipid that includ@sTaAsolspehyl ene

oxi de group (i.e., polyethylene glycol group) covalently coupled to the
phosphol i pid, typically through a carbamate or an ester bond. Phospholi pids
are derived fromglycerol and can include a phosphate ester group and two
fatty acidbestiesn ¢reoupsposBisint aldtearé a:tffteyti\acfcmghia relivde athenaptueid aaus,

unsat ur at ed fatt aci.ds havi n m_ei bons
atoms (i. i aﬁgﬁwls{}r gs)Of %erape'%ﬁ EEY %Sa| n é‘%&}}&y rr%\r?tgrsn('ﬁéucing g
fatty aci dslsmcdreﬁles sabrtaipid ekarhpl2-10h8vérabig/ofakilda. thd?&pwdsmt@taw&eat

pol yet hyl ene OXI de- cont ai ni ng phos hol i plg i ncl ude (% rat ed fatty
aci d est er SUY¥ FORMPIRBASHEE rRAYARE Ffé SRR Rt i‘ﬁ@ﬂ’?f‘&f"h’%ﬂeeﬁe éﬂ £ I n
certai nsenoi. el ﬁveﬁf&nt;ﬁ&h@esf AhAieReindS rhidhsds $alddrat @Q c%gos@nc&sf atty
aci ds. The nol ecul ar wei ght of the polyethyl ene oxide group of the
pol yet hyl erlde aBphyxdrien dbricanwiirys phidesingy i pilebibem apehvigrsiadBt progisingn ze
t he sol ubi | f e ( B e
formul ati onflmlnlbédE(thla]g 2’%1%? i é(grgfgs\g%raa g&%“éc%%%m\i‘eﬁ?gﬂ% &fhor '?Ih Qan{e mtgtg hyl ene
oxi de grougﬁo@@enfobalhfanmmwtcnaﬁ@ hioavabgukity5000 (e.g., PEG 200 to PEG
5000) . IL.n one odinent, the polyethyl ene oxi de-containi ng
phospho ipids a 5 ul phati dyl ethanoi am ne pol yet hyl ene
gl ycol gal t's. Repy emends ?EdtyeqedFﬁa%e@r@yérﬁh@smhaﬁbwinpﬁ@temelmloﬂeuzamm
pol yet hyl ene glcggcol ts include distear o¥ hosphati dyl et hanol am ne

g,

pol yet hyl eriectipdidor makiog (msPEnpREoDS 0)cthods adéﬂ%%‘@ﬁ%?‘l“ﬁ%@iﬂ%ﬁ #ne
et hanol am n 5 P t
di st ear oyl pﬁogﬁjﬁé 1 }{% e@?hgh%}ﬁgmf%eg%agﬁg i ene g ﬁg% é%’(%%%%&& F?I%/G 750)

salts, 25 atdnsms:amrtgythpfmmpmabn&;lyl et hanol am ne poI yet hyl ene glycol 1000
(DSPE— PEG 1000) sal.t tearo Qs t| d I ha o hyl.ene

gl ycol 1500 (DSPEIBE %fglog)lssaﬁl%éfgh Emd“nt ?y oyl %ﬁesf'ﬁd% 1'11¥ éynofleam ne
pol yet hyl engogt Yoratead RO thobDobn PEGZ000)n 8l allnfes:an XTthﬁﬁo bands aﬂr«mg e used.
For the distear oyI phosphat i d?/I et hanol ne pol%et h%)legne gl ycol salts
above, the SRRTHEY: Gemglor %F 08’5169“6*?‘56’ meHBrEB e 0P Ele@“lri’fng’té@ t he
average m'&&%rﬂeswsmydleﬁpmeof@@meﬁwskaeeel Sthdehi B OstRL lysthe abbrevi ati ons
for these salts used hérein is provided in parenthesés above.

Sui t abl e di st earoyphorsisish&t hasy haceiimipoeraninnelinyedl yernipeaten glup co| sesepl s

i ncl ude a n m S 08/ 344888| / 7
The chem (r:n;% %’tg E]B%t %F{%gg*‘ﬁydl zﬁj@%r% \éﬁ?“%%hgu % P S}Iéﬁf\gcﬂ%eaq%%%ygt hyl ene
gl ycol 200CG:h(BSERL, BEG{@Qﬁé)s)amaammt mmns&htm cegl mbzhhxsmersameﬁthemfcﬁd @Ld%ka

Referring tqQ FI GURE. | B, OXI d t ai phosphol.i

ol udes a BAGSHIEE Gosely HPo o TG R 5 e e Stedie PR B dria
groups, ands&opabeidayinene @xir6iaeBiAlRradt (GIaYaduenibl i¥s @@Mp&ceabnﬁ@ doeigam no
group of the phosphatidyl ethanol am ne through a carbanmate bond. As
not ed aboveenHRELYpE] e yide pevitRgRL €brib@isHIMGphdSpRBITFPRY thip ﬂé‘@@lemt he

abi ity of no{eﬂaﬁwbah ?Eladt gaémeeawsze GsoblieT ARBBISAIPYLRE -as ‘fb gﬁral

t he greater the amount hyl éne OXI e-cont al ni ng phosphol i

gr eat er25t hdlispefsuisi mwwwmwwww?mw 1@ frortmghtact omtafrosystbinfié |fm1£hk |y

sol ubl e ther eut i en oly n talnln ho hoI|p|d
can be pr esen?mn" (fgﬁ'%g'f ﬁdSR %—Plﬁ]gﬁ |L}§1gn%¥*aegoa§’ﬁlﬁ<rﬁ° ?ﬁ’e%g %fmft%ﬁ@&t oégbout 30
v based prPifmh-&. Am'_l ﬁLrti&}BmflSI he fornmulation. In certain enbodi nents, the
the. for nul at 1 o Y40 SFEAEECE FBHERL 6 BT SHOh N BASeE 6 #HE ol ume
of the 15 f@gaWadkoNFirdinmengraehadifenion &heniish e2bRYhRORsPBalk d¥dn

et hanol am ne pol yet hyl ene glycol salt is present in the fornmulation in
about 149 rrﬁweeéeéidwe% copadeyatie Haclyptiane’ fige Aepeanirgions in the ﬁ:ﬂfe@F@dzm%npar es
anphot eri ci ca No, o

(contai ni nge@fngtagg yet W}eo%l(g&ét(l(%m ngt%lttagl n?érpg&gggggugosphj f%ltﬁ {Om{h%d

pol yet hyl eng pomlzde}ia?ﬂnﬂaa'gsrim'gmﬂatf@qdeaelppmestaeql sv)hafawd cameqacrpe@ei@ntht fozerc AmpB
formul atio th nt i Al | DSPE- 000 cont al n| ng
boPe Pec. 5080 Mg oS ek ared @B@ds 15 P TR TR (b SGPE

absorbance of centrifuged sanples after 24hrs at 45C. In one
embodi ment, the anmphotericin B foiiiiutdtions of the invention include
25(a) arrphot ericin B;

i




(b) oleic acid glycerol esters; and (c) a distearoyl phosphati dyl

et hanol am ne pol yet hyl ene glycol salt. I n one enbodi nent, the
anphotericin B formul ati on of the invention includes anphotericin B,
PECEQOL (r ) wWocnieb/1d44588 st ear oyl phosphati dyl et hanol am ne palTyetzhysioeses 30gl ycol
salt. In this enbodi nent, the distearoyl phosphatidyl ethanolam ne

pol yet hyl ene glycol salt is present in an anount up to about 30 nM WD
2008/ 144888PCT/ CA2008/ 000975 The pregar ation and characterization of
r epr esent athisnamaBtsdtiercelcPekker, Nevmibdt porPs3 ¢081 heechndseint dddhion fatheinpghl ude
pol yet hyl ene_oxi de- cont ai.ni_ pg. i I LSChI I . The
anphoteri cicﬁﬁBﬁ}eolr%r?gtfoélt ‘?lg ng hog'?f% ?ﬁ@%@e&g&gﬁ@f%gﬁe%eﬂgg F%g-p(%%@ 1lrElerl]g 5
phosphol i pi@smplinek uaketeampdo peshichawil: tdusihisiraidndh bndemiit calntyessol ubi | i zed

(di ssol ved) and present as solid particles , to provide a fine solid.

i sper si on. D sHerSF GRSATRE FErIAIcEt FHATIGR AUFCRTS et AEPavRERLY:
nano-/ mscr geaubisk o oRGicae EirANidbO R tctin tHRakdrkiaRBd Brafl ZerHer san about
50 nmto about 5 pin. Polyethylene glycol nolecular weight had no clear
effect on t#mdheteiiriai Bnfoamblstienrs ¢D B3 ZRVepiots CaR D5t BePerEe &8t MppaPver PyicEr (Tabl e

3) follow X1 ng i at . 37E. LSuhm ¢ i.amet ers
wer e obser \’}%H{&ﬁﬁct@hgﬂ’?&g@n@?@%&%{a@r&%cﬁ%n%ctshﬁg tpgi% \?%etggo g/eg%esg%? sity.
A bi nodal papghoetieindi @eoughtist in BLrackn was al so generated, with a snall
subpopul ation (about 20%_centered in subm cron range. 0-300n and
another cent er e THREIE S5 FUGEoPa B s00g L ARRA T TPECHR I 8 one
al so f opmedholibgikopingisrsof si nkhphoghiae amd dist rikidnhen | nhehivulbat eg
intestinal fluid, To determne their effectiveness as orally

admi ni st er dARTGRHAFAERAB.IRAA TR dBr T 0RO +i8p7 486 Bs beSBrphoterilci n B
formul ations: g« i93@ JsR¥enthn8s. -%nﬁ%(@—h,%in@e@x&-@—ﬁ-‘n%hﬁ%ﬁ%}ogﬁ§t ric fluid.

FI GURE 3A conpares fhe UV absorbance spectra over ti Tepresentative
AmpB f or mul &yl loh§.68f1 1t IS Trovadiytiosi- 16 PECEOLRe Yy DEPELPEG)O-dioxstgicbus 20
concentrati 0.5-15 ] ¢ ) ii%t d in_simul gastrig flui SGF) .
There is no{(3 g'ﬁ&&é]%ﬁ%gﬁacf) té‘(;&::(’)"(érga%I’<23hei’gh ,Sgﬁmg{ég ¢ ?%f i%ég}gythgga%lﬁl' c@lﬁccglﬁ&nrcéa{i on as
a functison @hchrcobahpiericii® 3pshben G HGIRE-I QUREy3RBIme mpaihesrisinahdar d
curves fromthe data in FI GURE 2A conbi ned usi ng peak height at 407 nmto
const ruct tAPIGRIAY: curves of AnpB absor bance vs. concentration. A

di fferent standafydnCuipue:, Yﬁspr_@sfeﬁpﬁfv@ﬂiof&gm\@@t%rhnﬁofe@iﬁm 3 nPiaclORET Bhe

DSPE- PEG nol ecul ar wei'ght varied, FIGJRE 4 conpares the stability of AnpB

i n represerfmpREchopm it AEhe inveReor IRYBYR | on ( PECE015/ DSPE- PEG 350, 550,
750, and 2000) w.th PBLPECEQL(r) formulation at 37C in simulated
gastric fluid a\gﬁ}a f%ﬁlgft?zlgglﬁéig “tinme (10, 30, and 120 min). Data represent
the mea@d®SD of thbee bndependdaty expgyiamentdisys; ach of which was perfornmed in

triplicate. Each .of the 30eval yat representative fo . ati ons of the
Ivant | on demondtl at S8 5 B0 P TS i aeRt e S esah TSR rRE i e
period evalgspfeafliene oxide-cdM@inSioaBity hdiy e@drs.r epresentative anphotericin B
formul ati ons of the invention was al so evaluated in fasted-state sinulated
intestinal fl uid?9PSSPEFLNG PHBURIEcARMCKTIERE iRrgpenippan amount from about

2008/ 144888PCTY GARAORY ARART el @b tioRNdin SheShAb RS, 'a&gﬁ?i&m@'s fluid
wi th pancreatin enzymes.” FI GURES 5A and 5B conpare the stability of AmB in
r epr eseidt atibasndcortall neicepigblsfsak Heergaf vepreicohin(tPECECGI atiph DSPRUPE@SEHB0, 550,

750, and 2000, ' d ; 550. ) Iy ' ith an
At pBl PECEOLTE) TE Tt T oy B ity APafedidy” ERRTRAY 8! Merthist el
fluid (FSSlfysem it tleuforthdetidrhinnbGB8A)mami. wi th | ecithin (5B) as a function of
time (10, 30, 60, and, 120 .m.n). ta represent the neanSD of three

| ndependent  expate ABREEEIGRC s PRn THAEE BB bR S BYGEERerE cLRe
6 conpares dnbeyséali 4 dytuRfof ANpBadid clveRbIeSRA aki ¥@4frefdminatit@ngaef actde

i nvention (PECECL(r)/DSPE-PEG 350, 550, 750, and 2000, designated PEG 350,
550, 758, 20000l ceisiedeictreloyystart {omgH bEOYCCABRPECEOLIE O fBPIMURES PO% at 37C
in simulat .t estinal 5f1 ui S Wit ti . . tion of
e (10, 30008 TaaRP190 hb B e Chrebiny Fhe mumndhTapy i hHR

i ndependentsaexpal anvemtsgturasat fatgfacihihehinpdsnpeighoSrad tventy-twp 12 atubonsEach of
the eval uated representative fornul ations of the invention denonstrated
stability in the sinmulated intestinal fluids over the tine period

eval uated. 15The stability of the representative anphotericin B
foonulations in the G fluids denonstratles their suitability as orally

adm ni stered formul ati ons. AmpB in PECEOL(r) was stabilized and its
solubility enhanced 50-fold by the incorporation of 15nM DSPE- PEG where

t he PEG nean nol ecul ar wei ght was vari ed between 350 and 2000. Drug
stability in stomach and intestine is critical for pronoting



20 drug absorption in the @ tract. AnpB is well known to be nore sol uble
but relatively unstable at | ow pH, therefore any protection afforded by the
| i pid components of the formulation could be a significant benefit toward

i ncreasi NYOZAB/I4438% bi oavai lability of AmpB. It is al $ETHPHBIANTS t o know
if the lipidic vehicles influenced the superaggregation state of AmpB,

whi ch has been previously been shown to influence 25 drug solubility as
well as in vivo activity. The W spectral pattern of AmpB in the lipidic
vehi cl es desurs Hed Flefel Metmsridondh seann opbodimasiio reitdble Mty Beissfipfiedeand
after incu [ | ated gastric or intestinal fluids (see FI GURE 3A).
No WV spectt?lglefegattaﬁ%?éﬁggéhange was noted upon anbi ent tenperature storage
(210 over a pemhedatm)f a&dv@e&e&o et¢stdre usgfdatnatiroforsioums. cdﬂokm‘pmv;ded by

i nteracti ons bet th B and the |lipid 30co the undi | ut ed
for mut at i of PP HE HBCEHC OB 1 Re B KO P T OF (101 FONERETOh AT
absor pt 5on i{ RmitMe dﬁﬁbn@e adi drfcariedérs commewaﬁty&bétﬂalble)ﬁs@Em%ﬁﬁﬂ&taishVe
formul ations of the invention in sinmulated gastric fluid over

excel | ent, S#ntHPrissy pedesi dnge) icopmmonbaFfarid 1 §° beyREEn ORaE mor aﬁtyéw
prepar ed \@g)égf@{ L%ﬁ%ﬁ%%’[z‘a%t@ﬁ%@@%%é BEMrE@olt R&y el AUSIPIREREGR or
with only P Fsee FI GURES 4-6 owed a tPans |'ucent appear ance

wi th no prdoinpiletame Gppdetyr eeid. gliviorad os@rsi mwnelfmﬂstaawtlﬁﬁw Wast 6BBenved in

i mul df
SA'and SB) THE TR PSR RAESH Bropert gt ap PSR Rty el GRFTKIS, g

phosphalpi pasg@yddfidbs, panftRabbit TeUbEud 0P vencighf t@ftﬂh&zalmg)ﬁe&t}@blﬂhatfwyand
therefore drug stability was eval uated  in ﬁsﬁ)l nul at ed intesti é fluids
cont ai ni ng ACKeB¥EYAPEM EATBTIS BEFTHNF ARBH %Pwrﬁgghbféeweér@é ABPINto the

l'ipid mxtyge a\‘i@QHi,gl?EH'} edi Rhdr Mt 8l WAl edietNIneRkik ré@t'e;sf d%a@rmtt‘éhicﬁih had

t he potentlal to el ther I nprove the associ ation of anphotericin B wth the

lipid exci rﬁCéﬁ)t Sewr thep absws| Lide). isteariThrsidplelSe ridses dfan| él@lut 8, linowewvesid, made
no appreC| differenc r.ate in the
rank order lgéig‘m éaﬁ”taf%)hgﬁétgﬁc%#d &é(gégﬁﬁﬁ%@ggg?% hﬁif& d%rd

DSPE- PHG 35Q26pidsaiimnh Iagou‘t Gﬁmﬂrﬁtmmmumz&m @26:1) dss tmugpost Hb] IHE@EQIHan

t hose contai ni nger - c he, absence of

S Cr o P R B e G e T B how 01, GRS b OBa1 % o

bel ow 50nm dihator watsdoR@riSORius koM to Wi Bt DRRFadREGonb 894 drRss, aBod 45% dy

DSPE- PEG35 ad 15 self-associated into a separate mcelle ulation (see
FI GURE 5A) .WHgHtTher pod eisl e wrk byt §Fghi W‘Ptgahtatiéfaﬁ@dflgbﬁerbgﬁ tielke si ze
due to the g A ght,
suggesti ng twggacggyc% Pétgfglcga? ?‘ggnat%(raogg [}?y e‘ggghrtgh?g%glrf?lggﬂ@g(dm@r omthe
PECECL(20) caodpogendridesdoehee fattyt dved gbfssnobe‘ttart ynciddatestarsswf&flaﬂmlftucatctd| {@hoof

20° ot mul at AP ROC: T St oot 260 el i B RS M pEc

formul ationsd (b @Ess thin deesaEtidiaRRRAICIOP (RS BB, 260 FRONRROL. acid
Therefore, it is possible that the inproved stability of AnpB in

PECEG.(r)/[ﬁ@?’@-IPﬁ@SéIT&”HN@her nol ecul ar wei ght may be related to the surface
properties of the.emil shosuRERR! G SorthenBa! yes. vagntlstﬁ'c,taﬁ n@iu&e%ﬁydsﬁ}ﬁflﬁt of a
direct relationship to particle size distribution, such that t

hydr opl i gn289pol lpstthy daet Yl% bplehai ns may orient to the water interface
8 e PECEOLLLMATRE, b BGLL AR MOU Fo(AALD LR LRG,LBNRE AblyBigse and
was a trendDSSEIRHE®asShd astpablehcmyB ffmmu%ﬁmnicemidloae ommcght:ommomdeﬁooo
conpared t 0 .and 55 |ons et wee

PECEQL(r)/ %@t—ﬁ% PEE"F 8‘%’81’?‘@8“5 H‘ca"o é“terdg 1 ﬁéep%" %6%?‘&‘8%%] S )
nononeri ¢ AKpEhoabiagror tahaiknag or Qg@étﬁﬁlempadt( Rd@iREe $Adsphotipids. AN@BGEEri cin
B Fornul ations: Pol yethyl ene Oxi de-Containing Fatty Acid Esters. As noted
above, Phe CAHSRBISH GF rpoever«f&xmeét 1BiAs arenmlueféylew*e Oétder?ﬁt“émﬁtﬁl {f hsiy | at ed
lipids suchgag pol aﬁ%attxloeg& etéyrtéﬁe S &dnfige PROSPRQLLRI ds or one or rmore
pol yet hyl ene WO 2008/ 144 §P / CA2008/ 00097% oxi de-containing fatty acid
esters, and typifsabidingla m pbarantsdipeity Srechgmgheensi dé- benulaiieoisngf the
phosphol i pi. g\?en?on a {n xture of polyethylene oxide-containing fatty acid
esters. ! ! /&ccordl ngly, in one enbodi nent, the anphotericin B
formul ati ons of the 5invention include (a) arrphot ericin B; (b) one or nore
fatty acid glycerol esters; and (c) oneldr nore pol yethyl ene

oxi de-containing fatty acid esters. As used herein, the term "pol yethyl ene
oxi de-containing fatty acid ester” refers to 10 a fatty acid ester that
includes a pol yethyl ene oxide group (i.e., polyethylene glycol group)
coval entIy coupl ed to the fatty aC| d thr ough an ester bond PoI yet hyI ene

. s




The nol ecul ar wei ght of the pol yethyl ene oxide group of the polyethyl ene
oxi de-containing fatty acid ester can be varied to optim ze the solubility
of the therapeutic agent (e.g., anmphotericin B) in the fornul ation.

Repr esent Wl X&/1¢¥#88 age nol ecul ar wei ghts for 25 the peITy@2MsI0ees oxi de
groups can be from about 350 to about 2000. In one enbodi nent, the average
nol ecul ar wei ght for the polyethylene oxide group is about 1500. I n
this enbodi ment, the a hoterl cin B formul ati ons include one or nore

pol yet hyl ene oxi(@e- c 67P RPAYFHAY B atty acid esters, and typically, a mixture
of polyethyl ene (gxi dgnc@nthi Miyhcfed &I@Q;g[gmeslt@rs (mono- and di-fatty acid
esters of polyethylene glycol).” 30 The po Iyethylene oxi de-containing fatty
acid esters usef®@l i Ang prangrePALYERYICBNSXdarROANIBE FhPBAims. conmer ci al | y

avai | abl e sourc e » LN ty acid
esters (m xtur eg£§S Sg?rrgér{gl?' &E% g}st er)séﬁ%gyeﬁgg%%bglggﬁ?{}%gvg?l l%E){rgfal&)uynder

t he desﬁgna:thlomolﬁtitﬂﬁmm&(lnc)es (aGatiyetf dseeqgxidagmtip Fireu qs:tlye@am gl Ftoagrﬂep)

Sui t abl e 144 P 009.7 ol ene oxi de- cont ai.ni ng
Tatty aci d CEHY CHREHA0 SroRue By cpily oY D SRt e BT ana
GELUC] RE( r )ptdpnblipidl e deHn@l @b:s gtﬁe@h&&ﬁcaﬂeﬁcﬂm pt@@gmafeea‘set gtdaptahewrml ting

poi nt and fydro philic/lipophilic balance (HLB) of these mater
¥

respect i vel 9ty BRECYRIREIRS) SA‘EZi‘P}?Llﬂ fat@?!ﬂ@llmﬁ”%?ai‘@am%ﬂﬁi ’@?E%ttﬁé(%ﬂy agdy 10 are
m xtures ofp,(Rk FRAQght @'?} 0 t@f@ﬁ{ylt%beéi}eéa?bd%fs aﬁ!rﬁ/&FG%OlCS(Qiy?’c%tr%' a@ﬁ;g) ?ﬂnd (b)
nono- and dicsters of et hyl ene gl ycol (nmacrogols) can

al so i nd udertﬁmeemb@hyetlth,ylsetﬁ@kgIf@itbblac(de peludPEEEeD)Cl 1-Gl% |f@tiac&0di%( C12)

ool yot hyl e ppron <okt @A COTORMRLb Y oM e e P 7 s

referred t cfatays aatdn&sxetrau b aofhogﬂxymeﬁyéthaiiolmuneatpe]yétheiﬁm glyagli sh]tdi gstetainM t h

gl ycerol) and PEG dil aur ate ( cid er th pol yet hyl ene gl ycol),
and is comﬁﬂtoglrﬁwmﬁg% ?j‘é Sﬂ“@‘%fﬁ&i& g}gf%ttyta@f%sse) | aur oyl
nmacr0gol- 32 gl yceki gegckl we htaﬁ”tﬁb" pdPRIn ekl g;tlar@estm@eef WPHNFethylene
GELUCLIRE(r) 44/14 is pr oducec? by the reactl on of dro enat ed pal m ker nel
15 oi |l Wit mxmwtmnen@sgw@& C@at:tﬁe\rﬂézgé hoptasias He Sﬂ)etbgm of] g @hyerapeutic
GELUCI RE(r) u % r r bout
72% mnono- aﬁg atg lt% H@%?C&Qt@t ¥enr ghcg: o 3[/18? hyﬁiéﬁ%@gﬁ&y\e&o%{%gﬁ lTIq}%\e%%l‘mztlbout
8% pol yet hy»tr@giﬁs qbzyctlmd ptHe@yienc ox:de(ﬁl@b@l RE( rbp #dh 1dboun@DOdesatlbautde aci d

(C12) esters istic acid (Cl4) esters (5 to 25%, palmtic
acid (C16) (8§t’§%§%ft?§dﬁ§5%{ﬂ'steari c acid (C18) esters 20 (5 to 35%,
caprylic acid (Go) o@éStditﬁ‘tﬁ)d(dleﬁ}SS thieh adiykBP@ sne aBEide-apithifing C ipHofphdithidse ster s
(less than 129%. GELUCI%:{ 44/ 14 may al so include free glycerol
(typicaly qi%‘%oﬁhé’ﬁo%’ﬁ vl 10)6‘3‘“‘11??%“13@ r E%‘ﬁ’%tglélﬁteatﬂlwl f Ul afpRgpsentative
GELUCI RE(r) I d ( ers, out A , dstic
acid (C14) delsgié”{erg’é Fédg Mﬁq% /@%ﬁ%‘gd’?nﬁ’? i %%hﬁ%%a) elé’t@(gr s ?Ag%outm%%/o
stearic a0|®8t€mﬂwh®elu&etdsl ("@zbmﬁtmmi%olyaﬂafpﬁml flgcdcid ((CHE-ES6658) (Sﬁtsout

(40, 50% arinepelpREbtuy PeaBihis wliios" oo o0 e lbbrgo el o

conponent s diftedrbgpiglspieeidyd esiagnanipol gcejzdmyyllfmaeg glorcld @SR BEGH SEL:L}EJ RE(r)

50/ 13. LUCLRE( r k PE | t
Lot 1 e Se s O SRRy L RO g e oL e e ABSpR PEC O S,
pol yoxyl gl xﬁeéareephdsgt&t?{dmtttanoﬁ%lﬁib&%ﬁéﬁa ¢BO411300 mgbpg@%cpaim tilg, acid

(Cl6) esters (40 to , stearic acid (C'S) esters to 589 (stearic

and pal nit |B@d&&ttaareﬁpmseh@%hﬁ@ﬁnqlmwe awbﬁﬁly@@%glvqoé P@Q& (e PE %ﬁ%st ers
(less than I Cnd es (I 9 C cid
(C8) est erssgf esfsw%{hge%t gao% %1S§n$ecgu§%%l cﬁglizt%g F 55 Otygﬂ Hsep%{g%}ile%}s%%%rﬁma/o.
GELUCI RE( r )poswtmenev@ycz@oemmeeammmeoe/ @069(7553%%591 $000. reol U2080Y r ee

gl ycer ically less han ut 19 ntative fornulation,
GELUC %@( %gy%gs ?{Eﬁcldﬁ’e eé lecl% ST td O{df%)pog ‘&’ﬁ%"e( %Igﬁt rﬁ'é% JF@ earic
acid (C18) eesteerasoﬁsaf@omteséa@% u«(esthetam ie peovilicpad partrtGesecitdvest ers about 979,
| auric acid (02) est (Ie n.1% ristic acid (Cl4) esters (about
1%, caprylic aétuetatl q(arlégl EPHHAYDg po%tﬁtty‘@aiorgbeobé% leet&
esters (I esgm{](l;]ﬁﬁlmjarﬁsodmm sat§t earic acid (Cl18) is the predom nant fatty
aci d conponent of the glycerides and polyethylene glycol esters in

CGELUCI RE(r) 53/10. GELUCIRE(r) 53/10 is §<novvn as PEG 32 glyceryl stearate
(Gattefosse). In one enbodinent, the po yet hyl ene oxi de-containing fatty
acid ester is a lauric 10 acid ester, a palmtic acid ester, or a stearic
acid ester (i.e., nmono- and di-lauric acid esters of polyet hyI ene glycol,
nmono- and di-palmtic acid esters of polyethylene glycol, nmono- and

d| ste ar| c aC| d esters of poI yet hyI ene gI ycol) Mxtures of these esters




251 n one enbodi nent, the anphotericin B formul ati ons of the invention

i nclude (a) anphotericin B; (b) oleic acid glycerol esters; and (c) lauric
acid esters of polyethylene glycol. I n anot her enbodi nent, the
anphot cr i WOrR0B/H#BRUl at i ons of the invention include 30fa)Aanmshotesicin B;
(b) oleic acid glycerol esters; and (c) palmtic and stearic acid esters
of polyethylene glycol. In a further enbodi ment, the anphotericin B

formul ations of the invention include WD 2008/ 144888PC T/ CA2008/ 000975 (a)
anmphot eri ci n B; ) chsii¢al dcreg lof cistedrogshasphatidyh ¢thanglamingapelgethdent esters

of oL Yet o ne Rl Rl b 9 SR, of DB GRRPAACLRETR Kt o

44/ 14. 1In amdﬂﬁé?ﬂ&mﬁomenmﬂye;hyﬂdme aipEhaheinicg ph&phaipid lafiden aofhospiaie

i nvention includes anphoterici.n 50/13. In a
O ther amsotr B, RGO Rn Gtl erier FF“‘B‘"%O@(%)HP% RS S GPDE S P e e

incl udes anphabry bupidd, WPEHEEShGG)gro@n Ug%sgﬁétfd)yl 2taddlaml HRRSE a
enbodi ments, the ratio of PECEOL(r) to GEL (r) can be from20:80 to

80: 20 10(eCér amg@t@g 30: 70; 40:60; 50:50: 60:40; 70:30; and 80:20).
The prepar at i on afg NBLAL HRdoRRlly %e%dé%gﬁt@@ bl ei ATRNGLeREGhill,B

formul ati ons of the inventio i ncl ude poly thy ene oxl cont al'ni ng
fatty acid @slneeﬁosmulstl&demﬁp]méde ar&he@ww@d geelt. In general, the gréflve Uanphomeri cin B
formul ati ons,t ha et.hyl ene. xi de- conan att 5a|d esters
i ncl ude ar‘r‘d%meﬂl fegie ! e I‘:?u tha am"ig %hoﬂgrd? t}éel ¥reatgr apr l:uggléﬁlg(C&E{%CééI é’&) and
pr esenticas fSﬁhuiﬁhcmafbt iiet@sii @1M@Mbﬂ§eﬁlcfalgﬂ&s SThd ghightispersixanr.danspeisi on of
the formul ati ons |$§Pﬂ1§eous medi a I‘OVI des. a nano- /gl croemnul sion.

prel i ni nar PPeEHEEP F &ISSHdD g1 18 %ﬂaﬁ&@rwﬂrﬁ@% M ERAHD| BMLIO Fhegt

produce seldy eyl siskd cat inQn vanetheaos MR Irofh Rt st Slhz@erééﬁp@m@b&%hé' Qf i nto
physi ol ogi cal 20 saline. The dispersion properties of the CAPTEX(r)

355- based fd#eaiddphaspatiiplr etyinplamane tnwlebosmeb abed! dﬁitnwtmmgt ofr the

PECECL( ™)  GEUBMRR( ) yf bl s 208124 L Bl sy submgpybatd ons of

enmul sion d NN Ph& Stbmi € on"or I'mTange (see TR

Thi s parst i dbemdatze. vx‘imdnd ch@o@m&nomg @tmmﬁﬁph@ﬂpbm@ysttb@oldﬁamdpcblgsthj’iezid”le a
tract to best facilitate abso 25Tesg,€1gl't resen t|ve
anmphot eri cif¥ 8! f %F HuPAESH AL ¢ f 'gf‘m?%if‘l 8 H‘é lﬁx de1e Sht3i ni ng
fatty aci d fegh@aon S 111 ust rated in Fl GURES 10A- 10C. FlI GURES 10A, 10B, and
10C conpare AnpB concentration (ng/nL) in representative ArrpB formul ati ons
of the inventi oA CRREE PECEOMET ) @GRPITEREL r ) B 4490ngentration (ug/m ) in an

ATpB/ PECEOA&%é%b@@L@E( ] ngu%?f Fﬂtaﬁ\ /B CE%&E%% Bg(cﬁ%tag%{%m at

30 varying ratios of PECEOL(r /v) at
2, 4 and024mhesphahpiBs rve aslyetityidny Matrgmmtzﬁagcfettmfacrdeamem}f wgiedeweaasptm\ss after

sbect ) 20 A SheRfon i HESy ik P TR GRS SERSETLLARD G40 1o
56 days) fmsmPE@mbemcén@ﬁmﬂsa@ﬂ en1o Vﬁ&@&&&ﬂ%&ﬁﬁ@@[&%@@@ 080975
absorbance of centrifuged samples after 24hrs at 45°C.
In one embodiment, the amphotericin B formulations of the invention include
25 (a) amphotericin B,
(b} oleic acid glycerol esters; and
(c) a distearoylphosphatidyl ethanolamine polyethylene glycol salt.
In one embodiment, the amphotericin B formulation of the invention includes
amphotericin B, PECEOL®, and a distearoylphosphatidyl ethanolamine polyethylene
30 glycol salt. In this embodiment, the distearoylphosphatidy! ethanolamine polyethyiene

glycol salt is present in an amount up to about 30 mM.
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(designated PECEOL ) and representative AnpB formul ati ons of the invention
(AmpB/ PECEOL(r)/ GELUCI RE(r) 44/ 14, 50/50; and AnpB/ PECEQL(r)/ DSPE- PEG 2000,
15 rnM DSPE- PEG 2000) (AnpB neasured by UV absorbance of centrifuged

sanpl es aWUebisgigeigsfied tinme at 43C). O the fornul at ieAgAav@ivoerad, the
SAmpB/ PECECL / GELUCL1RE(r) 44/14, 50/50, fornulation shows the greatest
stability, up to 21 days. To determne their effectiveness as orally
adm ni stered fornul ations, the stability of representative anphotericin B
formul at i ons of Tihhe prepastivh oandvashaeactdrzatiad oih sprsingtted gaghetedeif| & d.

10FI GURE 12. conpar es. AnpB concent.ration.(% ori gi nal concen e 5] ng/ L)
over time (2 gne HeOTRE-ERRAAASOR e AR P AT BB P ser
for an AmpBRIeREGEO Ejanfpds ul ati on and representative AnpB fornul ati ons of
the invention (AgpB/ PECEQOL(r)/ GELUCLRE(r) 44/14, 50/50; and, .

AnpB/ PECEQLE) / D3PE- %%’6(()" )Blgffnﬁkﬂ“%: -%E@@%@’Plyﬁi&ﬂ%e REHSHOBRITRE LV
absor bance b a8npis intaRd SamRlEsin D&k 8¢ nSRSSt I8 kolibBe@ldikbfveliNanCH,
30V NaCl aé?l ?)%1%1&22_. _ F C%URIE 13 conmpar gfss:#An%B cor_lceni(rlati onp?%

ori gi nal caneentasaplidpartigagioraryvidseting sofd dispersiogo Diggrsigof typformpigtiorand
240m n) in .fed- Si_myl a i Nt esti £ LUl Sl F Al :
arpey PEceo? AP HEr e Lheh SRl b e B R dhodPh R g m

i nvention (sfpBMPRECEEORE nix/t6&RbkdUCE RE(r) 44/ 14, 50/ 50) (AnmpB neasured by UV 20
absor bance of c rifuged s | es .after 4hrs in FeSSIF, which contajns

pot ass um chl or AL <IRHEMS gliEy! PEBTH St L E 6 B0FFEESFERA1E Sgrion Sope
phosphaty dy£helsinh8atéBin(@EMI fludnd 2Bl e if6lldGh e midd) Yedr@thetiBd BHPa037°CThe
representative forrmulation of the invention denonstrates consistent AnmpB
concent r at | BRIEGEN gisan giapegguyvere observed in the rappepRE A lanyak 8 daifppde
concentrati (20.Q14, 9i N3l 1108l ) OB RIBA M s 2BQVEL . Lide Q, 45,
60, 90, 120 éjéﬁ&gﬁ i n)%lﬁfurg]&? DIk gﬁmﬁupgéed f%t es ?’%awﬁwl{h d ?’E%%a F)
wi t h enzynesubmpubtoAnpBAPECEOL tenter¢dOfin tHabinat ¢ro margged (1§0136pmres end atnbirer AnmpB

formul ation_of the invention (ArpB/ PECEO () /,GELUC rg 44/14, 50/50)
(ApB neas TR By P alﬁg%rpbrﬁﬂéeefgg’f) ﬁtc%i mﬁ%%gﬁ%@ af o8y a}fﬁrigmi”%ao
FeSSI F,15whidgdpiee bf amilgr fot mg sidibugibh r disteialeliSnidgink) fluisodi um t aur ol aurate
(7.5mMV), egg phosphatidyl choline 30 (2.0nM, gl yceryl nonool eate gS onmV) ,
sodi um ol eate (G OSHFIEAATF eligineretoBrTe Y MpRaksryd fognyatinnst e seeiley

adj ust ed t QyrPHpRs&ativENSpEREKIET AbiYRad Ok Mo 8d fveRfiod Neas! BVRIIOh
denonstrates consistent AnpB concentration for up to 2 hours. WO

2008/ 144888hoTrcAZo08¢ 6680 7BIGURE 3A rpGpREs 45 ¥ mparbacAspBire orerdime af i on

1/0 i gi nal ' X . i 3 0,. 90. 120,
and_240m n) S Ag e als e AR oL A8 ek b Rt psr EDpoye vibpes,

AmpB/ PEOEOLpndenfrations| @15 Bnp gind) mcitepdes efnhalbicd exadimp Biuid (SGHat Tie of nd he

i nvention (A['rlPB/,P CECL %/DgELUC(_I@gEéLH 44/ 14, 50/50) (AnpB. neasured by UV 5
absor bance B &SRt P 'EHRAPPES TEf T BNy PEe e | FTunglgG BOPEEPhs

pot assi um thllé)gﬂ fest( dhin/ FIBURERD 8§hFarR0k @RS UM-RRISRN AL Bafa3n POELRE 280di UM

t aur ol aur at em&f .0mV) , eg?{ hosphat i dyl chol i ne (0. 75mM), and acetic acid,

adj ust ed t ¢OpHinGd5)singTRekr ek sErtdt Pwetor evnstipeit the rtasrandnentyesy e tinm®
demonst at esGOMRL SIConAFARG NCRNGK RO R lra Ut PushBMbSey LEFAGH, OF the
eval uated representative formulations of the invention d nstrate

st abi | i2dy ifarmbHgiosi mhbmt BEPEIREG snaddsostart Waght meiqier ilGURFEA wateares The

stability q resentative.anmphotericin B .fornmul ati )

Flutds om0l oL SRpRAREL Y G RRObEROS o M aln Pt BSPHRER § ons.
Sel f - Emul si3fsg) pEp, DS0garddeRd0oe mylthSys hems/PRTROBHphaivetios ian 3B°E of suhadions of
15 the invention can be sel f-emul sifying drug delivery systens.

Sel f-enul s igraWﬁS‘“@r B Harirey Ww&{le%s AlSSERPRY) - P4t e EEBDE Mt 85 of

0i I's, surfagkaMd@peRiehVaRtSmeds EaG0oSFh MR MR/ RHLIAGT @NkisicaREDBRRL @My be used
for the design of fornulations in order to inprove the oral absorption of
hi ghl y 30i pepHbRiEe rarasentelbiedoumidalions ative asvenipshdimemiseiter Babilem sinuGEEDS
composi t1 ofalic HELEASER Bl QHDE L HIRR Of the gut, the composition 20
di sperses t0 forma fine emil'sion, so that the drug remains in solution in
t he gut, avoi di Afe shbildy s oputsénnivstaephbhatinfB éguabiibys o di tisehtie wat e of
absorption of hydrophobic . drugs from.the. cryst ine state. The use of
SEDDS usual R MEHHE 10 i Pheam R GAVAFTag o ST b e fsidnsier et ent
tenporal profile of absorption fromthe gut. A description of conpositions
of SEDDS can be found in C. W Pouton, -lddvanced Drug Delivery 25Revi ews 25:

47-58 (1997). The anphotericin B formul ations of the invention can be
orally admnistered in soft or hard gelatin capsules and formfine
relatively stable oil-in-water (o/w) enulsions upon aqueous dilution ow ng

to the gentle agitation of the gastrointestinal fluids. The efficiency of

ey ——p— N



adm ni stration of intravenous AnpB has been limted by its dose-dependent
ki dney toxicity that has not been predictable by nonitoring plasm and/ or
serum drug concentration. A nunber of studies have reported that AnmpB,

sol ubi | i Z%@ 2P/ 1%88thanol , is 5 poorly absorbed from t h&@lF4a2pM8i0p8Est | nal
(A) tract and therefore is not comonly adm nistered orally but

i ntravenously, which can result in the aforenentioned renal toxicity.
However, to date, few studies investigating the devel opnent and assessi ng
the anti f ukegdthinaend ipistnyuiapd bresiinAfyR! vk puIcasib B2z e FHeERE? PG el. The
ef fectiven f pr.es: [ of.erl.cin.: Qtukahd os gRf :

i nvention %%%p?r aEh%i ?1%?131(%aégoﬁﬁxnge%g%gﬁugé@cgnt al ﬁigﬁgg%shgigp#glg?ﬁnds in
treating fURBAEOLHVDSPEIREG 366, B0s 50, med 2000, Besigpital PEGTHE, 8% §68. A06hess of

t hese fornmulatio far treati gai |l ys.fum s and ndi.da. al bi cans
was dermnstr?S&Fcé’ng”ﬁ A Al IE‘E%F@EBE gflomlﬂﬁoéla?tng%{cug'f ?qsgfi—ss afenflglélg%ﬁi with
Asper gi Isl uspbumhomlig IS IFNwiBa @SaBinab AY endwRh MchingEB) B 4 fmeitnadfitons of
the invention that include polyethyl ene oxide-containinigIt 15 phosphol i pi ds

si gni fi cant(ly docPlagwet 128t WinF udyd rerescRbnibie Aty Bnel HEpoVICBEITH al |
the organs Pé}ﬁﬁ’e 0 - v CONPRARESR if Qri d r e8EekECPRELRAEs (nkabl e 4)
W t hout si'ge% fi cgﬁf %g H;E)ge‘gmflﬁ%él)sasna c%gzlati H?%TI evel s (Tab| e95)g, ABELCETg
treat ment stayiitf dampByin durssenisi foonehidng vf e ioRUtico ARRSRGTaPSNE PESCover ed
in all the Qrg ded et.her % t - ntrols
(Tabl e 4) viPrott "agits rREn e B0 R e EEHHHAE LIRS Tabi o
5). 10 ThepsesuEos. *fformJandi 4374l hi danmadrietcsin flai (BT tinsenteatin
Aspergillus fum gatus. Fungal analysis o e ki dneys of ndi da

al bi cans- i ffEEEEds lag’t“%"“f’?’é’ f‘gﬁ%@z\?@ﬁ 8P, ﬁ@%}ﬂ%@@ﬁl)ag?\?éemﬁi‘ﬁ%‘éwiﬁq & of
the inventign. deEPOSLEakGShant fhaant %Micﬁi%rs%ﬁgﬂnédcﬁhae@ﬁdd&gaﬂiac%@the _
concentrations conpared to control. FIGURE 7 conpares ndi da_ 25 al bi cans
concent r at ieopu{iGFWERTE)Eiak ve Hernikildivay f othe riaventipn f degtoasraigd Ragiidindhe

al bi cans a [ Wit contral. . / OL(r) fornmulation (10ng/kg),
a repr esen{1S g’fél\z}%@k‘%g}%cﬁh r}ﬁ% I Oc'ﬁclir %{Lﬁ Ugjggte ﬁ%g)‘?r?\ﬁg%tﬁl on

( AmpB/ PECEQOL( r ) /1BSRELPEGo? GQ05cpatesitgivatieh&epBh DEREFnREGo2000he THNMyidky) , and
i ntravenous, ABELCET(r) (desi.gnated. ABLC. 5mg/.ml) . FlIGURE 8 conpares Candi da
al bi cans cdjr‘?B’é’HTt’faéetgi%Ef)ﬂr Sé’éfﬁt@}l 3 oyt @“B?‘@rggg‘)m%‘bm(?fm'r ats infected with

Candi da al bi cans\ngil it Peatred "Wivhd s@Bimntddohnd AN sAUPBLPESR LN J0-foRr BYliat | on
(10ng/ kg), a representative AnpB fornul ation of the invention ,

( AnpB/ PECECGR¢aryorpismef Fped ot E-H8Si yhue db Aap Brosprolpitdy Joeeh! “PongT¥y), and
i ntravenou F Si - Teactiilsc €Lf: 6 tel V. HOf the
WO 2008) TadsbEEETLa gl oo%%%‘é"% E%gﬁ?ﬁ%@é@%ﬁ?ﬁ%@%?%lgﬁatf?rolﬁ&ﬁﬁé?"educi ng
Candi da&0al bircaaisoptne entlreatl omwiwdsngbirpasibbievit o KBEDECEDub)e. bulradaivsbnt wit h
the representative AmB, formul ation signifpcantl ecreased total .fungal
GRU concentPAar S 1PLEg0 dPatrh b EropielRb Lo e b e SRR e libes i
pl asma cr eabimniifnl @il Be aRiddiiRanObaepavesd plcasuig aheatad bicaeaibiligng! d1) in
rats infected with Candi da al bicans and tre tej Wit hvé]oatrol an

AnpB/ PECEQATTREf orfrulSafisen iPagHG Ki§) knaw r Bprlss dimidie i vehiArspBnitespeadi 485 on of
the i nvent gp( ARDB!BECEQ-of B3R, RE@r2000cepbGaaLe g ATPBLRSERy 2000,
10ng/ kg) , and intravenous ABELCET(r) (designated ABLC, 5ng/nml) (blank, Onr,
and 48H5) . dweg sodurality o xicl iat Y Ve adtyder Wb@lUg[sSpﬁ@%uat@@n pyApPB e dipiiat | ne

| evel s. 10l t ~aspect. i i | de: t f t.reating
an infecti oﬁgﬁ%?s%géneb%? r%%%lgblgvg@bc?n%{ﬁ%ﬁa\g%b ﬁl{@%/drn%%l%o%"@% ta’tlgrff({)!f1eot(‘)l %C} ia(r[:tlg{rjl1 B.In
t he et hod,inabtiirer mpemtiacdl dayiriefdranteitingl Anideitee GTIGHR Eakphotverlii¢ispedBal

formul ati on %f t he inventi% IS adrg.nitgterec% tota su?%}gﬁ in need d;h r eof .
In one enbdd!HBATPENET SPH I RET G ILT SdWRTEF i ¥E80 2l @.‘”ﬁ”n& ARG hE

enbodi nent ,4 Hdrgs tietiemnadiad h@shbenRdwdwdvet, efitedci@pibe@lekl theldmpAandigRdipher ei n,
the terns "treating’ and "treatnent” refer to reduction in severity and/or
frequenty GPMEOMTEOMS e UpHFHEt THRUFIoBy iHtBHELHRE OF bR drePYy PRy Ea0s e,
reduction il ikebidodnRontineivaeEY I @iEee®f Synptons and/or underlyi ng
cause, and inprovenent or renedi ation of damage. Thus, "treating" a patient
with an active atpoility & rqprovitded feanditpns o€ Fhgdegenppe Ve ptiubtedggastaic flrd i cul ar
condi ti on, i ssase. or. i Sorer.in 8,20 Suseenti BLe Ldinidual s vel |
treatment of a clinea 'fy’ synpfu@maflg Ihdr Viddusl PCASTUSE P& pepare
"effective anmount” refers to an anount covering both therapeutically
effecti ve amounts and prophyl actical | y-¥ffective amounts. As used herein,
"therapeutically effective anount” refers to an anount that is effective to
achieve the desired therapeutic result. A therapeutically effective anount
of a given active agent will 25 typically vary with respect to factors




In summary, in one aspect, the present invention provides anphotericin B
formul ations that can be orally adm ni stered. The anphotericin B

formul ations of the 5 invention provide excellent drug solubilization,
drug st abWOi2088/14#888 ] mul at ed gastric and intestinal fl @ A2ABDIEAY e
significant antifungal activity without the dose-limting renal toxicity
for which the parenteral formulations of anphotericin B are well known.

Ther apeutic Agent Fornul ations | n anot her aspect, the present

i nventi on pridvihdeeridueiiEaPEonst Wik orlFEd&Ily epsge E}G@Uiﬁfh@ﬁbpéﬁts @vedgent s,
nmet hods f or, d r he
her apeut | ¢ AgbrE abikErhl Maheth) BRFp AL ReRHIR MR (BRI LB bk

i nvention phearivaes samﬂﬁbdinfdsaatdLMe frogstitdl €ludieddnteriye obfle sk herz &PEURES 5agent .

The t herapeut,i nt | ation includes thera 15(b) one
of or e { At ;g SO B SRR R R Y Umeor e By eRRO AT

l'i pi ds sucChase AR IR cPRIMETaYE QR1Q6hE rcpdbleainil ﬁﬂnzﬁ@%@@@ima@édds or
one or nore polyethyl ene oxide-containing fatty acid ‘esters. In th

t her apeut i dnagewaicd griatiingt flaids apaieing Rese earegongelisd iciier %@Uléétké]ﬁ’sb@t he 20
pol yethyl e I W olaTe) , Vi

oxi de- cont g????é?rgfg aﬁ? (mhgél ast er ?ﬁlggedcgfg euécr ?Sblh?iﬁtegg]l\]/%&#@ rémt‘%(ﬁ%vmch
anphot eri cilnd BheE qvmﬂruﬂxedttpoen&ls:r Theroagdum tsoodtidnhes emphmgmmerﬂ sithrntht hpidabove

therapeutlcae ormul atiaon i.s_al so as above for th

e et R s ST S st e S R R T R TR
for nul abi ondifféredn iR ML ff)ﬂ&@rﬁb@dégr@idﬂwzﬁf@f fi-tht Qardbeutr dXiepBliMonal tehe ,
formul ation. 25l n certain _enb ts, the formul ations can further include

glycerol i FndRf AibuafI¢ERE %ﬁ%ar@%b’u?s%f?ﬁé‘y?%@@%mg formulafrpies Rrpefeheut i ¢
drug fouuulggi &m% ‘%tabﬁﬁ? chil BJMsE QB @AURNR A0Sl ais OB | 117 66 g!ﬁ]sfeaéecyf' thy

sol ubl e therapeutic drugs. Representative therapeutic agents that can:
advant ageousdiypirf, Gnipmicatnephfaﬁd stkel awamdiubyottﬁ@wf orsignifadah opormirdionéelods of
the 30 invention i ant I'Sepaftkbi ot anti

antinycoti c@ }na% i w&g”{% COHSIS%GH {% %is?:‘é ?Eﬁorﬁl}cgbgsrg’l %%%[?bllgﬁ %ﬁ%?at ory
drugs, m@nt |%ﬁlahs@b@teﬁ&ﬁtolmpm&ua@el&slsjp\dhﬁage;ﬁ& §¥G@"ﬁﬁmr Yuelhei@®re, there

anal gesi cs, | ocal anesthe anxi.ql ytic sed tives hypnotics rai ne
relieving alfsnte, sigvlige & 'F‘né”f1 W"ﬁ%rﬁ’@ g‘%’né%s11 © feEreart o elﬂéepcﬁg 5‘8
2008/ 144888RGEHGAA008/ 808 R ular we:gh@&%%ﬁefqiu‘?o Eﬁaﬁf&p@ﬁﬁlhﬁcﬁﬁﬁrﬁrﬁj&ﬂ@tﬂr&an be
advant ageousl y formiiated and delivered by the formulation and met hods of
t he i nvent ilengelyrisriterefrpet trhad%%fi@ie cefepapesicl ipisvepxie apssdilie| thaiey small

chl or anphen %9!)12 o?w&ﬁlle?r&éfg sMim Foln‘a}ﬂ fvith! tﬂ@ﬁg{d' %!db‘?em&i&% ’}E&QHH‘? e

m conazol e, Ket'oconazo uco zoI e, Itracon ,, econazol’e,

gri seof2ll visimpulbted amrcphnmbflunﬂl canBot bwsxdatcieméor aet obthedaZBt-ERGnidtmoniaiazol e
benzoate, tinidaz i ndorret ha roxi cam di c] of enac,

i sod um ePEHBULY APt PP I o IO SBUS B a8 AN At oS B AT e,

ni f edi pi ne,mgrdvtedx aa@pity 6 genpBng, PEOECH/DSPEEORT 65 RRhéNGolcBURT SAGKIRRANC,

| i docai ne, diazepam_ nitrazepam  flurazepam estazolam flunitrazepam

triazol am b&wﬁl@@édpal?ﬁ Swﬁaa%@fﬂpames 6 S ZEHEHPT SFmiataRepasty esh FotH 2 ol 4bR
cl obazam 1@ gf %n@i@%?%@?an&gm}z gaamaxggeela?smm%@ mgﬂn& 4t %}éﬁﬁidﬂﬁ;ﬁﬁ@aﬂ

ergotani ne derivatives, cinna anti - hi stam nes, anset

t r opi sébr orpelyghatvne gtwdr@azm@@r@pr wnthdleatedingufdcs vl tiwa P&@Em%ﬂxmpE

pacl it axel, GE I i t| n and atin

In certain egg &%8 mmg? waf%%ﬁ%cg }?%gég %’éietﬁ%fgg PR o ofpr? ‘%nﬁﬁg\lleentl on
can 15i ncl udeph fscenaimgraﬁmmrapélﬁus.cmgﬁms alhrend heriapeistd Gradgentiof ®Equl ati on

can be a self-enul si.f r.u ellver SY.S one enbodi nept, the
t her apeut i 6“%16%‘5% W%gmt‘ingng?{ﬂcqoﬁﬂ@? 8y DQ ﬂegrsgpeﬂfﬁi PISIRAERES E?‘W?e"one or
nore fatty /sagpsl 264 YeePRtEOSPEISPH BEG. resu&l:@hrﬁ 280V dp@iieehQk BRdifsd)winand

20(c)one or nore polyethyl ene oxide-containin hospholipids (e.g., a
(©) 30 monomeng An%/pB rather than aggregated AmpB {Ficgjig ? P (e-g.

Amphotericin B Formulations: Polvethvlene Oxide-Contaming Fattvy Acid Esters.

As noted above, the amphotericin B formulations include one or more polyethoxylated

lipids such as polyethylene oxide-containing phospholipids or one or more poiyethylene
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di st ear oyl phosphati dyl ethanol am ne pol yet hyl ene gl ycol satt). In one
enbodi nent, the therapeutic agent formulation of the invention includes a

t herapeutic agent, PECEOQL , and a di stearoyl phosphati dyl ethanol am ne

pol yet hyl wRgtg/Messd salt. In this enbodi nent, the di strEEaroyvhb@hosphat i dyl

et hanol am ne pol yet hyl ene 25gl ycol salt is present in an anount up to about
30 MM I n anot her enbodi nent, the therapeutic agent fornulation includes
(a) a ther apgdetdontadg@nt fatig blacdnessats, mane fygidally,aci dmigltyreerodl pelyeibylsny e. g. ,

oleic acid glycerol .esters): anpd (c).one or no ol yet hyl ene .

ox! de- cont MG RuYES PRSP EEPdr ¢ Pt of Pl EefaotSi R R SIS  ear i
aci d ester s4Rf; pol yet hyl ene gl ycol). I n one enbodi nent, the

t herapeutic agent fornulation of the invention includes a therapeutic
agent, PECEOL(r YAccandinsbEL OCPRE(@)bagimens., then ampbrtbrégin ehbbanarens phdhe

f or mul atzi on_. i ne A therapeutic agent, PECEOL(r), and GELUCI RE (r)

50/ 13. }Sn gnb%bgggg’/j§44888PCT/ CA2008/ 000975 further enbodi nent, the

formul ati on i ncl{aedes amphttenap&uti c agent, PECEOL, and GELUCI RE 53/10, In

t hese enbodi nent the ratio _of PECEOL(r) to. UCI RE(r) can be from 20: 80
to 80:20 (e.g., @):88?3%‘b‘?“?ﬁ;fa%yo%‘gg‘yb‘%‘?lé:ﬁ‘im6%0; 70:30; and 80:20). The
fornul ation of tuo rept esaskabiyayidebrpeubieinRgentsacieamrazol e and

S5docet axel, is described in Exanples 3 and 4, respectively. N

anot her aspect, Atied AFeft SAcTpY GhEEYIcRe REIRGEN PIGmEdARY Fl BET Fgcato
therapegfic, RGN cig leftet D6 TREDRM o 1&&1@@@&6%&1&%&%‘]{;&& eRljcuRIARuRE Of the

t herapeutic ag I's adm ni stered using the therap I ¢ agent formulation
descri bed apowe. cdvaleothe cenplodi tnetht, fatth eactdotimob it impnesics tadi niPslyethgldncor al | y.
I n anot her embodi ment . -the 10fornmulation is admnistered topically.

I furthor Sapeceliths el RoEIRETERG, Phal BB kP redl pRBM Ykt 11 ons
and di seasegyddl.eduaible pbyyethhenapeidticonagent auf atidubsetegeidariagchoddmoe W th
the present invention. En the nethods, an effectiv am)%t of a therapeutic
drug for mul %t45SPIeHng HETRRG @RE PRWITTECL I AFGE BPERE PO EURPIE VIV HEed
t her eofys TheseihQdSudY ikl eaidingn J&eanict dsRnsr antk-db s eASORidIS ey certain |
fornul ati ons of the therapeutic agent famlies and specific therapeutic
agent s di scingmgiingiey. pitableTp@veipeand exitp-ceptabaing ifalty acid esters arg dergvefl dforher
aspect, th ant._ | i r.QWi ) i 1. - iR

Fhor apeut i dbpane. nebBh Rl B SR, ROMAGR WArRal AL ol TR LS,

f or mul at i ngeight26t H8F apbattsi woragént, 4 polydblicwvessidaisitargoft hE€ 1 2-QITPdsit 2add).

In one aspect, the.invention proyides.a conposition for formnulati

t her apeut | CCISERRER 5 DARARNGI e GRBE AL T OH T UBRG AR For o
fatty agi d @hyeewseRst Bf &radN8nbdimene RiatTonLelyBRket bexy  atedidyi Rinds such
as one or nore pol yethyl ene 250xi de-cont ai ni ng phosphol i pids or one or nore

pol yet hyl erfsicdoséicgeinglgdt eatyipisg Hatehp fagy eridsst er s. In the conposition

phosphol i pi de, - 2 T he A oF B B pL e BRI B P, B AR "0 e

as descri bewnaiovefatpacit kecarmphetvaried ioppBrfitr the bt hibiys! thetberapatintsenof

these {(e.g., amphotericin B} in the formulation. Representative average molecular weights for

25 the polyethylene coxide groups can be from about 350 to about 2000. In one embodiment,
the average molecular weight for the polyethylene oxide group is about 1500.

In this embodiment, the amphotericin B formulations include one or more
polyethylene oxide-containing fatty acid esters, and typicaily, a mixture of polyethylene
oxide-containing fatty acid esters (mono- and di-fatty acid esters of polyethylene glycol).

30 The polyethylene oxide-containing fatty acid esters useful in the formulations can
be provided by commercially available sources. Representative polyethvlene oxide-

containing fatty acid esters (mixtures of mono- and diesters} are commercially available

under the designation GELUCIRE® (Gattefosse, Saint Priest Cedex, France), Suitable
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30 conmponents in the above conposition i's al so as descri bed above for the
anphotericin B fornmulations. In certain enbodi nents, the conpositions can
further include glycerol in an anpunt |ess than about 10% by weight. WO
2008/ 144 88®RET1@AE008/ 000975 The conposition adPATi@GesUsINs
solubilizes difficultly soluble therapeutic drugs for their delivery. Wth
the incorporation of a therapeutic agent, the conposition can be provide a
sel f-emul sifying drug delivery system In one enbodinent, the conposition
i ncl udes 5(9@)}@%16013 sk gohtaning faty @tcxgloyi@@rc@n begrevided( by, GELUSIREC 44d#d

gl ycer ol e (o) i ng
phosphol i pi ﬁ?ém@%lndlmsl? earo wﬁﬁgsp Il“%?ehg%(k) gl%'ene S%ﬁ?t&g‘{g%j iJ(gne
gl ycol sal tty.the melting rpcmneaieinhmbpmht/hpcbmmocmmpm {ioR) iofictheste siaREEGEQOL (1)

and a distear Oél\}) osphati dyl ethanol am ne polyethylene glycol salt. In this
enbodi ment ,"*{PREEGUI st ear oyl phosphati dyl et hanol anmi ne pol yet hyl ene gl ycol

salt isspresent G @ORETOUNLY, @ELL@I@E%DHS%@MEL{UCMMO @a‘mﬂumaﬁ t he
conp05|t|on |ncludes (a) one or nore fatty acid glycerol esters

oleic acid g y@@pmdiesqnértglysterérfg glwer@n@lwrl%} 0Py Etme Ape dICS{f:E'S gf
oxi de- cont 3! ?}% @gl(ljf{nsgg{] s fihd %‘g%&?.ﬁ%%&%ﬁ@ﬁ Lty alshoah B e p@l?%ﬂ'énét earic

acid ester I n one enbodi nent
conposi t i orglyat (e SECETEDL (1) and GELUCI RE(r) 44/14. 1n anot her

nbodi t, th t GELUCLRE 50/.13,
Fur ther - embodi it e EH8 (onibUI B RET GBS ECRRT . St e ot
53/ 10. ion these e eticarates intdeLvatie’ of 1 PEGECUCIRE?T 04/GELUeleRE( tJ ascan be

from 20:80 to 80:20 20( elg 20: 80, 30;70; 40:60; 50:50; 60;40; 70:30; and
80: 20) . MIXtYrR, Oh HY B di §ﬁ§&¢c@auf%§idu Fersh tviBreles) e BO Adenge (Rgic maki ng

a -t her apeutj.¢; agent wh@r éﬂ{ é&\% Ikébtlﬁ%deimggfnﬂﬁm ki Q@P’E@tf@%iyc@fyl

t herapeutic agent 1s co e conposition described above.
anot her enﬁ@dﬁﬁe&ﬁattgﬂ%)saehéaumml hwr0@1{3h@m@ema EP.agrehroyk peidmbylgie@mﬂﬁt h one

of the co it ¢ ne. or t 5
gl ycerol es /&%St(gép&g@}lédﬁgmg%lmr%? due 8};? 1%3%10 qfrﬁgd%ée%%d)c/%@ﬁlk%nﬁé t he
first c1c5nb|mamlmnpwddwlid%egl@&dle(ravmgﬁpmﬁa&u aﬁfweﬁgm i@Oﬂpos}Hm@ﬁR(E@ /14 one or

nore pol yet ne oxi de- cont ai 0 0] i pi.ds, _or one or

pol yet hyl eriéél %%Pé’o&‘ogq &imiRg 4 atag? %&f"p‘ £ 10O 7R ey rf‘ﬂijéiﬁ f%Wsa"%d
conposi ti ongelf oftddG el @B LiyeR 1868 Ginki RBsL: Rer I%Ifhtih%elg%%ol Bho(i . e., conprise)
the conponents recited. In certain enbodinents, formul ati ons and

conposi tions of Qﬁiéquiferﬁfb‘hlﬁ‘?h’é%@é”@ ﬁ@dr@é?}t@@%@%@n@ﬁ@ s ARG ICorCHEr
addi tional (ﬁqﬁ})%ggt&ﬁ% 6%8;&% a Jlf(@ﬁég B8 nﬁp@@%&%&ﬁ a&% o] 081

formul ati ons and co Sitl for ations an ositions
consi st20ess@ént Batel.yeapfylit heidr(€8) teds coppthae hi®),. anW\@apric acid (Cl{)) esters (less

Fo e L R IR O A iy TR el b B RO B Sotn as

addi tional tdher apaukh@saad@nNt Sotnhadrod] saivATRafeaus| wcrlbitLlauae akf @ab)
t herapeutic profile and efficacy of the fornul ations or conposi tions,

addi ti onal S%ERPERENtY %hayrdis add Akt hoBEus (apow] t857). arlmifs e@fl Ehe abTi ity of
the formul 6(515&@%%5‘ de%n dg&HRé%)tés%s(aB&u%%l)'bda [yﬁgdéaﬁ céﬁééketrseg Lfli?ls@@peu“ C

agent conponents, i tional conponents that disa vant ageou [ter or
af f ect Xhe Bablf:hmrtwacaf(ﬁlﬁbcdm fmbbeltli2Gns and conpositions to increase the

Ekﬁié?kéﬁ?! IS AR (e BRE S TR DB e
only (i.e. pratnshst fafy) act:dheomgm_eha;dofczbmgmaaﬁmﬁ and @bhethflzht @iicopgesxainpl es
ar e B OVl el of il B PORS Olcrkdsk 4t} 128 o 10 8 B LS Syt on
(Gattefosse), stearoyl macrogolglycerides EP, or stearoyl polyoxylglycerides USP/NF).
30 GELUCIRE® 50/13 includes palmitic acid (C16) esters (40 to 50%), stearic acid (C18)
esters (48 to 58%) (stearic and palmitic acid esters greater than about 90%), lauric acid
(C12) esters (less than 5%), myristic acid (C14) esters {less than 5%), caprylic acid (C8)
esters (less than 3%), and capric acid (C10) esters (less than 3%). GELUCIRE® 50/13
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Materials The follow ng materials were used as described in the follow ng
exanpl es. 15 Anphotericin B (from Streptonyces sp., Cal biochem >86%
purity) was purchased from EMD Bi osci ences (San Di ego, CA) and used w t hout
further pWoi2Pe8T4#88Bn. Anphotericin B as the commer ci alHGI/@A2888/@im78
deoxychol ate mcelle dispersion (FUNG ZONE(r)) was purchased from Vancouver
General Hospital pharmacy. Phospholipids and poly(et hyI ene glycol)-Ilipids
were all from Avanti Polar Lipids 20 (Al abaster, AL HPLC grade sol vents
wer e from Phaykalso PERAERL {e§ glxykypt dhpicaly degsethan IBABRA (ri)1 { eapesgn@épr oyl

oL U re BB PRy Sl e SR TR (PPl e

Ontari o). GARTEXRBbSEm )atand DQ%PMM@b)am@lamlebme:ﬁmedrsf abom K}, emlric Bidwul at ed

gastric fl (SGF) .wi t hout nes nposed titrated to
AT (8 A AR LA T v G LT R AN TR R At
(Sl Fe) was e@treeqﬁerssedlaﬁ@%qrﬂaragprtc@ctdire:mlﬁes%asaaémmqw;@ met hod (USP28) as

nodi fied by Vertzoni et al Di ssol ution nedia sinulati ngtgt he i ntral unenal

conposi ti on of HETiE ekl <C|i%>tlé§1@fi PredompiRg [y otii¢ PP e Bhalyperiiss #echl
aspect s, J-poRNAIACY: A0 ShAr i cBEOHIRASIIAR, (ROQREANd A% pimosed of
0. 2M NaCH, 6 89/yL of nobasi ¢ potassi um phosphate and 10 g/L 30 of
pancr eat i n RESi- ghgbycerabqtmateéﬁzﬁquskdw 5 WI th NaCH. Fast ed state sinul at ed
intestinal fl wS wlth Ale salt of g Vert zon |.). . was composed of
3 mM sodi um t aur OCROFAPE Sy )p y§ T'E™8 ’ﬁ%ﬂ%y r‘%&ﬁffﬁ Sphat'e;

6. 29/ L INaCJacidrbsmtaq:l’almﬂbtaheI’cstw bha eeard fIchDdJster@; o 5o esd dhhamcamh éshsesﬂ
titrated to pH 6.5 with NaOH Water was V\DZO 8/ 144888P /CA2008 000975
purified bwfamwéﬂe@ 8iels i T8Oy stdnf apRImFC) F“é 0 2y YPIIBE EdQUse Al
ot her chemgales ;M GLsedric" RAD8RErs %%@@e@lﬁfeﬁ@%@%@ Hf ARk 9BRN G L&hs EXAVPLE
1 The Preparation and Characterization of Representative Anphotericin B

For mul at i orfgso Wlwed. hi s exanpl e the preparation and characterization of
representative [ ri bed.
Preparation of .s 858&1 %mfs tha?mqﬁjd@é @eﬁy @Ié? éggeg net%mtn %%B%%?dg aFgr#c]) ericn
B (AnpBf vvasudrbﬁ(ﬁé fm;t;t fﬁ:zd FiecSRRNE fopiothetstine lorRlehyntaminy faitngeit! r&aezd nug

owder wit he | i fo mld heating and stirri SCf
Doy pr ottEt GBOT S gHE ANV & BP%SF%H%F%@“%W@ Dot 130 s wer e
removed by gwa%dxlewe% g%We%]e%Q oQMe0-c¥Bafnffe B4 ReRNRLBGIIA:f viv, In
AmpB/ PECEQL( T)/ DSPE- PEG f'or rul ati ons. AnpB was” conpl etely dissolved in a
m xture of anCE@qdﬂr)ler&t s nEieLoft Siowkie haosh @) wsetvhrelers( o BoWERylchadxisten
added, as , at.i dyl
\),/{?et hn?/l?ﬂeijnagt} gP{Idcys gse@ %&f@%ﬁ@%ﬁh ol cgl)é ﬁ%@&'ﬁ%‘n?rﬁ‘;é‘ﬁmééghe ;.lattcul ar

(DSPE)-poI where n I's the average
wei ght ,20350cids@Pcerd 5Bteor to 2000y lcArpBideonuentnydbitoacidasges m@jom 5060 vhe

G g S0l ubi P 9501 e e st GG, shed 2ot ah P ulfe PRRPFFBIE ar a0c

for I'h, pr Qix@ﬁt@dtaﬁmﬂmakﬂygaﬁ,esﬁeg iflhis R0 by-es AnpBn andehbgiitient, frelrhonedhdy
sol vent evaporatlon at 40C with under vacuum (65 nbar% over 20 several

hours in alfet aff @vemor et .« EohaHYI e Coifsiaine daho e Shrplsetiony
renoved by -acdy.eying the original weight of the sanple containing AnpB.
PECEQL(r), and l|ipids nmeasured imediately prior to the addition of the

et hanol23 A tr andh aeesmbgdahebvihaimpnieion Biiouwulgmns piche dvestionasciidd ned. No
degradati on or ectr IrD rahane s changes of AnpB were observed follow ng this
processi ng. 25 racte I'zation of anphotericin B stability. Drug
concentrations \Ne)re wasacied vixyolresesst siek phase HPLC/ UV or by W

spect rrphotometry 407 n anal ysis of AnpB, sanples were
diluted in 20% ( lar?elfﬁ‘éﬂﬁ)gftefgﬁfﬁ%’kﬁggﬁﬁe @% Y were injected on a Luna 5pm

(2.0 x 150mm) 0118aﬁ&hembﬁ&m@ﬂoﬂm@a@mehma@ﬁfm{h@u@mmfhe ipasien WRftudd0 MM
sodi um acetate and acetonitrile using a gradient programon a Waters 30
996 HPIE syst em(@det é&’ﬁ’b‘é}e%i}n&V\at ers phot odi ode array detector
(Xr--408nm . Ruppfti mgipas;dd (ggr(a 0. refention tine was approximately 8.5
mn. Stability o}? AnpB agal‘ﬁgt econposition or superaggregation upon mld
heating of the l¢pi dpelshiichelsstaor adid codenagl pAA@ROO&104t888PCT/ CA2008/ 000975
sol ubi lizati on and.upon s 21 ver. sses

spectral shift gnglﬂils%erﬁls? nggrgl é’ﬁ% s%récﬁn%%? %{f“bﬁnéo %8&“?8%%¥]§H§tver
with X = 250-500 nm Sol ubility, fhy5| cal stability, and

sel f-emul sification. SEDDS (self-enul si¥ying drug delivery systens)

formul ati ons had AnmpB solubilities ranging from 100-500ug/ nL



57as neasured by HPLC, conpared to negligible solubility in aqueous
solution (pH 7). For the tested self-emulsifying |ipid mxtures, 3 ng of
AmpB powder were conbined with 0.3 mM (10 ng/nL) of the various lipid

conbi nat i Gf 28¢%04438% m xture was stirred in a | nL anbeCglcagaesppers at 37C
for 2h. Followi ng m xing, the sanples were centrifuged at 10,000 x g for 15
mmto renove any remai ning drug particul ates. This procedure does 10not

sedi ment the lipid conponents. The sanples were then di spersed as a 1:1000
(v/v) dilution i# 15@m®mm@ﬁ¢nﬁuth vi gorous mixing at 37C for 30 mm

The results for r ApB SEDDS are summarized in Table 1.
The results for %ﬁkféﬁﬁigfgﬁ?ag based AnpB SEDDS are sunmarized in
Tabl e 2. 15Tab|&3l ﬁ&ﬁiﬁ%uﬁﬁ&hﬁﬂﬁﬂh@ﬂghﬂbgbmchn B Prelimnary SEDDS.

Conmponents (% v/v) Effectiv dr o- namc Di amet er erS|ty
i ndex) Subpop(:JI & {°BRH§Mbo %ﬁ“ﬁﬁ’e% &IPBWQ} PR fpa ﬁewfﬁp%lwéweqnowc CAPTEX
355 Twest, @@hotericin B, PECESPMUlandMdNatBRGA 4649V Bibi#terOdmbodiment, the

amphotericin B formulation of the invention includes amphotericin B, PECEOL®, and
GELUCIRE® 50/13. In a further embodiment, the amphotericin B formuiation of the
invention includes amphotericin B, PECEOL®, and GELUCIRE® 53/10. In these
embodiments, the ratic of PECEOL® to GELUCIRE® can be from 20:80 to 80:20

10 (e.g., 20:80, 30:70; 40:60; 50:50; 60:40; 70:30; and 80:20).

Thé preparation and characterization of representative amphotericin B
formulations of the ir’wsﬁtion that include polyethylene oxide-containing fatty acid esters
is described in Example 1.

The amphotericin B formulations that include polyethylene oxide-containing faity

15 acid esters include amphotericin B that is both partially solubilized (dissolved) and
present as solid particles to provide a fine solid dispersion. Dispersion of the
formulations in aqueous media provides a nano-/microemulsion.

The preliminary SEDDS formulations of amphotericin B (see Exampile 1) did
produce self-emulsification and a small droplet size upon dispersion into physiological

20  saline. The dispersion properties of the CAPTEX® 355-based formulations were similar
to those based on mixtures of PECEOL®/GELUCIRE® 44/14 or 50/13, generating
multiple subpopulations of emulsion droplets in the submicron or | pum range (see
Tables 1 and 2). This particle size would be appropriate for dispersing the drug in the
GI tract to best facilitate absorption.

25 The solubility of representative amphotericin B formulations of that include
polyethyiene oxide-containing fatty acid esters is illustrated in FIGURES 10A-10C.
FIGURES 10A, 10B, and 10C compare AmpB concentration (mg/mL) in representative
AmpB formulations of the invention {(AmpB/PECEOL®GELUCIRE® 44/14;
AmpB/PECEOL®/GELUCIRE® 50/13; and AmpB/PECEOL®/GELUCIRE® 53/10) at

30 varying ratios of PECEOL®:GELUCIRE® (60:40; 50:50; and 40:60 v/v) at 2, 4 ang 24hrs
(AmpB measured by UV absorbance of centrifuged sampies after specified time at 45°C).
FIGURE 11 compares AmpB concentration (% original concentration, 5mg/mL.) over

time (0, 1, 5,7, 15, 21, 28, 36, 43, 49, and 56 days) for an AmpB/PECEOL® formulation

21-
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(designated PECEOL®) and representative AmpB formulations of the invention
(AmpB/PECEOL®/GELUCIRE® 44/14, 50/50; and AmpB/PECEOL®/DSPE-PEG-2000,
15 mM DSPE-PEG-2000) (AmpB measured by UV absorbance of centrifuged samples
after  specified time at 43°C). Of the formulations evaluated, the
AmprPECEOL®/GELUC£RE® 44/14, 50/50, formulation shows the greatest stability, up
to 21 days.

To determine their effectiveness as orally administered formulations, the stability
of representative amphotericin B formulations of the invention was evaluated in
simulated gastric {luid.

FIGURE 12 compares AmpB concentration (% original concentration, Smg/mL)
over time (10, 30, 45, 60, 90, and 120min) in simulated gastric fluid (SGF) for an
AmpB/PECEGL® formulation and representative AmpB formulations of the invention
(AmpB/PECEOLY/GELUCIRE® 44/14, 50/50; and AmpB/PECEOL®/DSPE-PEG-2000;
15 mM DSPE-PEG-2000) (AmpB measured by UV absorbance of centrifuged samples
after specified time at 37°C in SGF, 30mM NaCl at pH 1.2}.

FIGURE 13 compares AmpB concentration (% original concentration, S5mg/mL}
over time (10, 30, 45, 60, 90, 120, and 240min) in fed-state simulated intestinal fluid
(FeSSIF) for an AmpB/PECEOL® formulation and a representative AmpB formulation of
the invention (AmpBa”PECEC)L®/GELUCIRE® 44/14, 50/50) {AmpB measured by UV
absorbance of centrifuged samples after 4hrs in FeSSIF, which contains potassium
chioride (15.2g/1), sodium taurolaurate {15mM)}), egg phosphatidylcholine (3.75mM), and
acetic acid, adjusted to pH 5.0), The representative formulation of the invention
demonstrates consistent AmpB concentration for up to 2 hours.

FIGURE 14 compares AmpB concentration (% original concentration, Smg/mL)
over time {10, 30, 45, 60, 90, 120, and 240min) in fed-state simulated intestinal fluid
(FeSSIF) with enzyme for an AmpB/PECEOL® formulation and a representative AmpB
formulation of the invention (AmpB/PECEOL®/GELUCIRE® 44/14, 50/50) (AmpB
measured by UV absorbance of centrifuged samples after 4hrs in FeSSIF, which contains
potassium chloride (15.2g/L), sodium taurolaurate (7.5mM), egg phosphatidylcholine
(2.0mM), glyceryl monooleate (5.0mM), sodium oleate (0.8mM), pancreatin
(1000 u lipase/L), and acetic acid, adjusted to pH 5.8). The representative formulation of

the invention demonstrates consistent AmpB concentration for up to 2 hours.
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FIGURE 15 compares AmpB concentration (% original concentration, Smg/mL)
over time (10, 30, 43, 60, 90, 120, and 240min) in fasted-state simulated intestinal fluid
(FaSSIF) for an AmpB/PECEOL® formulation and a representative AmpB formulation of
the invention (AmpB/PECEOL®/GELUCIRE® 44/14, 50/50) (AmpB measured by UV

5  absorbance of centrifuged samples after 4hrs in FaSSIF, which contains potassium
chloride (7.7g/L), dibasic potassinm phosphate (3.9¢/L}, sodiem tavrolaurate (3.0mM),
egg phosphatidyicholine (0.75mM), and acetic acid, adjusted to pH 6.5). The
representative formulation of the invention demonstrates consisient AmpB concentration
for up to 2 hours.

10 Each of the evaluated representative formulations of the invention demonstrated
stability in the simulated fluids over the time period evaluated. The stability of the
represeniative amphotericin B formulations in the Gl fluids demonstrates their suitability
as orally administered formulations.

Self-Emulsifving Drug Delivery Systems. The amphotericin B formulations of

15 the invention can be self-emulsifying drug delivery systems. Self-emulsifying drug
delivery systems (SEDDS) are isotropic mixtures of oils, surfactants, solvents, and
co-solvents/surfactants, SEDDS can be used for the design of formulations in order to
improve the oral absorption of highly lipophilic drug compounds, such as amphotericin
B. When a SEDDS compaosition is released into the lumen of the gut, the composition

20 disperses to form a fine emulsion, so that the drug remains in solution in the gut, avoiding
the dissolution step that frequently Hmits the rate of absorption of hydrophobic drugs
from the crystalline state. The use of SEDDS usually leads to improved bioavailability
and/or a more consistent temporal profilc of absorption from the gut. A description of
compositions of SEDDS can be found in C. W, Pouton, Advanced Drug Delivery

25  Reviews 25: 47-58 (1997).

The amphotericin B formulations of the invéntion can be orally administered in
soft or hard gelatin capsules and form fine relatively stable oil-in-water {o/w) emulsions
upon aqueous dilution owing to the gentle agitation of the gastrointestinal fluids. The
efficiency of oral absorption of the drug compound from the SEDDS depends on many

30  formulation-related parameters, such as the formulations' components, polarity of the
emulsion, droplet size and charge, all of which in essence determine the
self-emulsification ability.  Thus, only very specific pharmaceutical excipient

combinations will lead to efficient self-emulsifying systemns.
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Methods for Administration and Treatment with Amphotericin_ B,  The

administration of intravenous AmpB has been limited by its dose-dependent kidney
toxicity that has not been predictable by monitoring plasma and/or serum drug
concentration. A number of studies have reported that AmpB, solubilized in methanol, is
5 poorly absorbed from the gastrointestinal (GI) tract and therefore is not commonly
administered orally but intravenously, which can result in the aforementioned renal
toxicity., However, to date, few studies investigating the development and assessing the
antifungal activity of oral AmpB formulations have been reported.
The effectiveness of representative amphotericin B formulations of the invention
10 that include polyethylene oxide-containing phospholipids in treating fungal infections is
described in Exampie 2. The effectiveness of these formulations for treating Aspergillus
fumigaius and Candida albicans was demonstrated in animal studies.
Treatment of rats infected with Aspergillus fumigatus with representative
amphotericin B formulations of the invention that include polyethylene oxide-containing
15 phospholipids significantly decreased total fungal CFU concentrations recovered in ail
the organs added together by 80% compared to non-treated controls (Table 4) without
signiﬁcént changes in plasma creatinine levels (Table 5). ABELCET® tfreatment
| significantly decreased total fungal CFU concentrations recovered in all the organs added
together by 88% compared to non-treated controls (Table 4) without significant changes
20 in plasma creatinine levels (Table 5).
The results for Candida albicans are similar to those for Aspergillus fumigarus.
Fungal analysis of the kidneys of Candida albicans-infected rats treated with a
representative AmpB formulation of the invention demonsiraie significantly decreased
total fungal CFU concentrations compared to control. FIGURE 7 compares Candida
25  albicans concentration (CFU/ml) in the kidneys of rats infccted with Candida albicans
and treated with control, an AmpB/PECEOL® formulation (10mg/kg), a representative
AmpB formulation of the invention (AmpB/PECEOL®/DSPE-PEG-2000, designated
AmpB/DSPE-PEG-2000, 10mg/kg), and intravenous ABELCET® (designated ABLC,
Smg/ml). FIGURE 8 compares Candida albicans conceniration {CFU/ml)} in the organs
30  of rats infected with Candida albicans and treated with control, an AmpB:’PECEOL®
formulation (10mg/kg), a representative AmpB formulation of the invention
(AmpB/PECEOL®KDSPE—PEG—2000, designated AmpB/DSPE-PEG-2000, 0mg/kg),
and intravenous ABELCET® (designated ABLC, 5mg/ml). The effectiveness of the
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representative AmpB formulation in reducing Candida albicans concentration was

comparable to ABELCET®. Treatment with the representative AmpB formulation
significantly decreased total fungal CFU concentrations recovered in the Kidneys without
significant changes in plasma creatinine levels. FIGURE 9 compares plasma creatinine

S (mg/dl) in rats infected with Candida albicans and treated with control, an
AmpB[PECEQL® formulation (10mg/kg), a representative AmpB f{ormulation of the
invention (AmpB/PECEOL®/DSPE-PEG-2000, designated AmpB/DSPE-PEG-2000,
10mg/kg), and intravenous ABELCET® {designated ABLC, 5mg/ml) (blank, Ohr, and
48hr). No renal toxicity was observed as measured by plasma creatine levels.

10 In another aspect, the invention provides a method for treating an infectious
disease treatable by the administration of amphotericin B. In the method, a
therapeutically effective amount of an amphotericin B formulation of the invention is
administered to a subject in need thereof. In one embodiment, the formulation is

- admumistered orally. In another embodiment, the formulation ts administered topically.

15 As used herein, the terms "treating” and "treatment” refer to reduction in severity
and/or frequency of symptoms, elimination of symptoms and/or underlying cause,
reduction in likelihood of the occurrence of symptoms and/or underlying cause, and
improvement or remediation of damage. Thus, "treating” a patient with an active agent as
provided herein includes prevention of a particular condition, disease or disorder in a

20  susceptible individoal as well as treatment of a clinically symptomatic individual. As
used herein, "effective amount” refers to an amount covering both therapeutically
effective amounts and prophylactically effective amounts. As used herein,
"therapeutically effective amount” refers to an amount that is effective to achieve the
desired therapeutic result. A therapeutically effective amount of a given active agent will

25  typically vary with respect to factors such as the type and severity of the disorder or
disease being treated and the age, gender, and weight of the patient.

Infectious diseases treatable by the method and formulations of the invention
include fungal infections (aspergillosis, blastomycosis, candidiasis, coccidioidomycosis,
Crytococcosis, histoplasmosis, mucormycosis,  paracoccidioidomycosis,  and

30 sporotrichosis), visceral leishmaniasis, cutancous leishmaniasis, Chagas disease, and
Febrile neutropenia. Amphotericin B has been shown to bind to amyloid and prevent the

formulation of fibrils. Amphotericin B has been indicated as useful for the treatment of
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Alzheimer's disease. Accordingly, the amphotericin B formulation of the invention can
be used in the treatment of Alzheimer's disease.
In summary, in one aspect, the present invention provides amphotericin B
formulations that can be orally administered. The amphotericin B formulations of the
5  invention provide excellent drag solubilization, drug stability in simulated gastric and
intestinal fluids, and have significant antifungal activity without the dose-limiting renal
toxicity for which the parenteral formulations of amphotericin B are well known.

Therapeutic Agent Formulations

In another aspect, the present invention provides formulations for the delivery of
10 therapeutic agents, methods for making the formulations, and methods for administering
the therapeutic agents using the formulations.

In one aspect, the invention provides a formulation for the delivery of a
therapeutic agent. The therapeutic agent formulation includes

(a) a therapeutic agent;

15 (b) one or more fatty acid giycerol esters; and

(c) one or more polyethoxylated lipids such as ome or more polysthylene
oxide-containing phospholipids or one or more polyethylene oxide-containing fatty acid
esters.

in the therapeutic agent formulation above, the fatty acid glycerol esters, the

20  polvethylene oxide-containing phospholipids, and the polyethylene oxide-containing fatty
acid esters arc as described above for the amphotericin B formulations. The amounts of
these components in the above therapeutic agent formulation is also as described above
for the amphotericin B formulations. The therapeutic agent can be present in the
formulation in an amount from about 0.1 mg/mL to about 25 mg/mL of the formulation.

25 In certain embodiments, the formulations can further include glycerol in an amount less
than about 10% by weight.

The therapeutic drug formulation of the invention advantageously solubilizes
difficultly soluble therapeutic drugs. Representative therapeutic agents that can be
advantageously formulated and delivered by the formulation and methods of the

30 invention include anticancers, antibiotics, antiviral drugs, antimycotics, anti-prions,
anti-amoebics, non-steroidal anti-inflammatory drugs, anti-allergics, immunosuppressive
agents, coronary drugs, analgesics, local anesthetics, anxiolytics, sedatives, hypnotics,

migraine relieving agents, drugs against motion sickness, and anti-emetics.
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Specific therapeutic agents that can be advantageously formulated and delivered
by the formulation and methods of the inveniion include tetracycline, doxycycline,
oxytetracycline, chloramphenicol, ervthromycin, acyclovir, idoxuridine, tromantadine,
miconazole, ketoconazole, fluconazole, itracomazole, econazole, griseofulvin,

S5  amphotericin B, ny,statine, metronidazole, metronidazole benzoate, tinidazole,
indomethacin, ibuprofen, piroxicam, diclofenac, disodium cromoglycate, nitroglycerin,
isosorbide dinitrate, verapamile, nifedipine, diltiazem, digoxine, morphine, cyclosporins,
buprenorphine, lidocaine, diazepam, nitrazepam, flurazepam, estazolam, flunitrazepam,
triazolam, alprazolam, midazolam, temazepam lormetazepam, brotizolam, clobazam,

10 clonazepam, lorazepam, oxazepam, busiprone, sumatriptan, ergotamine derivatives,
cinnarizine, anti-histamines, ondansetron, tropisetron, granisetrone, metoclopramide,
disulfiram, vitarmin K, pachtaxel, docetéxel, camptothecin, SN38, cisplatin, and
carboplatin.

In certain embodiments, the therapeutic agent formulation of the invention can

15 include a second therapeutic agent.

The therapeutic agent formulation can be a self-emulsifying drug delivery system.

In one embodiment, the therapeutic agent formulation includes

(a) a therapeuntic agent;

(b) one or more fatty acid glycerol esters (e.g., oleic acid glycerol esters); and

20 (c) one or more polyethylene oxide-containing phospholipids {e.g.. a
distearoylphosphatidyl ethanolamine polyethylene glycol salt).

In one embodiment, the therapeutic agent formulation of the invention includes a
therapeutic agent, PECEOL®, and a distearoylphosphatidyl ethanolamine polyethylene
giycol salt. In this embodiment, the distearoylphosphatidyl ethanolamine polyethylene

25  glycol salt is present in an amount up to about 30 mM.

In another embodiment, the therapeutic agent formulation includes

{a) a therapeutic agent,

(b} one or more fatty acid glycerol esters (e.g., oleic acid glycerol esters); and

{c) one or more polyethylene oxide-containing fatty acid esters (e.g., lauric,

30  palmitic and/or stearic acid esters of polyethylene glvcol).

in one smbodiment, the therapeutic agent formulation of the invention includes a
therapeutic agent, PECEOL®, and GELUCIRE® 44/14. In another embodiment, the
formulation includes a therapeutic agent, PECEOL®, and GELUCIRE® 50/13. In a

27
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further embodiment, the formulation includes a therapeutic agent, PECEOL®, and
GELUCIRE® 53/10. In these embodiments, the ratio of PECEOL® to GELUCIRE® can
be from 20:80 to 80:20 (e.g., 20:80, 30:70; 40:60; 50:50; 60:40; 70:30; and 80:20).
The formulation of two representative therapeutic agents, econazole and
5 docetaxel, is described in Examples 3 and 4, respectively.

In another aspect, the invention provides a method for administering a therapeutic
agent. In the method, a therapeutically effective amount of the therapeutic agent is
administered using the therapeutic agent formulation described above. In one
embodiment,. the formulation is administered orally. In another embodiment, the

10 formulation is administered topically.

In further aspects, the invention provides methods for treating conditions and
diseases treatable by therapeutic agents formulated in accordance with the present
invention. In the methods, an effective amount of a therapeutic drug formulation of the
invention is administered to a subject in need therecof. The methods for treating

15  conditions and diseases use formulations of the therapeutic agent families and specific
therapeutic agents disclosed herein.

Therapeutic Drug Carrier

In a further aspect, the present invention provides compositions for formulating a

therapeutic agent, methods for making the composition, and methods for formulating a
20  therapeuatic agent for delivery using the composition.

Int one aspect, the invention provides a composition for formulating a therapeutic
agent for delivery. The composition includes
| (a) one or more fatty acid glycerol esters; and

{b) one or more polyethoxylated lipids such as one or more polyethylene

25  oxide-containing phospholipids or one or more polyethylene oxide-containing fatty acid
esters.

In the composition above, the fatty acid glycerol esters, the polyethylene
oxide-containing phospholipids, and the polyethylene oxide-containing fatty acid esters
are as described above for the amphotericin B formulations. The amounts of these

30  components in the above composition is also as described above for the amphotericin B
formulations. In certain embodiments, the compositions can further include glycerol in

an amount less than about 10% by weight.
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In one embodiment, the composition includes PECEOL? and a
distearoylphosphatidyl ethanolamine polyethylene glycol salt. In this embodiment, the

10 distearoylphosphatidyl ethanolamine polyethylene glycol salt is present in an amount up
to about 30 mM.

In another embodiment, the composition includes

(a) one or more fatty acid glycerol esters (e.g., oleic acid glycerol esters); and

)] one or more polyethylene oxide-containing fatty acid esters {(e.g., lauric,

15 palmitic and/or stearic acid esters of polyethylene glycol).

In one embodiment, the composition includes PECEOL® and GELUCIRE® 44/14.
In another embodiment, the composition includes PECEOL® and GELUCIRE® 50/13. In
a further embodiment, the composition includes PECEOL® and GELUCIRE® 53/10. In
these embodiments, the ratio of PECEOL® to GELUCIRE® can be from 20:80 to 80:20

20 (e.g., 20:80, 30:70, 40:60; 50:50; 60:40; 70:30; and 80:20).

In another aspect, the mvention provides a method for making a therapeutic agent
formulation. In one embodiment of the method, a therapeutic agent is combined with the
composition described above. In another embodiment of the method, a therapeutic agent
is combined with one of the components of the composition (e.g., one or more fatty acid

25 glycerol esters) to provide a first combination followed by combining the first
combination with the other component of the composition (e.g., one or more polyethylene
oxide-containing phospholipids, or one or more polyethylene oxide-containing fatty acid
esters).

The formulations and compositions of the invention described herein include

30 (ie., comprise) the components recited. In certain embodiments, the formulations and
compositions of the invention include the recited components and other additional
components that do not affect the characteristics of the formulations and compositions

(L.e., the formulations and compositions consist essentially of the recited components).
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30software, ver ?’k%ﬂra?fo@@f) self—cmulmfif@ d{'b%!geﬂviaﬂf LRk E@ Bh eaHipBsen@h ght had
no clear effect © € emul Sion size 1n sinulated intestinal fluid

é Table 3) f élrﬁp@\)mmg mked wigh Mﬁw@@m%@h@geam epmbavee tSylHE 8PWHET PN
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di stribgti omywasbilraeigenanat eticoliitshvae smedvied Sybpupiigatena 10800 egdd i n
subm cron range (150-300nm and another centered in the 1-2gmrange. AnmpB
in PECEO_(r)S“éIIlone also forned droplets of similar size and distribution in

si mul at ed i nt estpkataibh Ubd. Alligsereeol PLiseEsEe ﬂ*@ﬂﬁﬂtfu%ﬁ?nt SAWRBe Bas
performed in thé absence of Tecithin, which formed very |arge eml sion

dropl et s urrdepletdie difsxliver lfé:@n@liﬂttil@n%f Bﬁ%ﬁ@&ecﬁ‘aﬁ%ﬁ@éﬂq maErht e diBPles. The
results ar I%; f) %de%gén ad eﬂ-aalql £s %%E%?E%Dg @%g hgtﬁﬁlm%hﬁﬁé cin B

For nul ati on brrru ation: PEGh n Effective
Di anet €5 (r(ﬁjSPEng@(rengzﬂendl@ycmi)blﬁ’lﬁt’dh (WPodry di is pler svarygei RidexmEablpoptiidt i ons

(nm Rel at |3\{5%, ?gﬁ?;??d érIE%BG}B%mgg (c)oncentration was 3 mg/m! in the ethanol and 5 mg/mL in

the PECEOL®, respectively, to allow for complete drug solubilization in the initial

mixture. The solution was stirred at 40°C for 1h, protected from light, to dissolve AmpB
and lipids, followed by solvent evaporation at 40°C with under vacuum (65 mbar) over

20  scveral hours in a rotary evaporator. Bthanol was considered to be completely removed
by achieving the original weight of the sample containing AmpB, PECEOL®, and lipids
measured immediately prior to the addition of the ethanol. A transiucent yellow mixture
without particulates was formed. No degradation or spectral shape changes of AmpB
were observed following this processing.

25 Characterization of amphotericin B stability. Drug concentrations were measured

by reverse-phase HPLC/UV or by UV spectrophotometry (A=407 nm). For HPLC

analysis of AmpB, samples were diluted in 20% (v/v) methanol in DMSO and 20pL were
injected on a Luna S5pum (2.0 x 150mm) C18 column (Phenomenex) at 30°C. The mobile
phase was 10 mM sodium acetate and acetonitrile using a gradient program on a Waters
30 996 HPLC system, detected by a Waters photodiode array detector (A=408nm). Run time
was 13 min and retention time was approximately 8.5 min. Stability of AmpB against

decomposition or superaggregation upon mild heating of the lipid vehicles during drug
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solubilization and upon storage (21°C) over 14 days was assessed by UV spectral shift
analysis using a Thermoscan UV/visible spectrophotometer with A = 250-500 nm.
Solubility, physical stability, and self-emulsification. SEDDS (self-emulsifying

drug delivery systems) formulations had AmpB solubilities ranging from 100-500pg/mL
as measured by HPLC, compared to negligibie solubility in agueous solution (pH 7). For
the tested self-emulsifying lipid mixtures, 3 mg of AmpB powder were combined with
0.3 ml (10 mg/mL) of the various lipid combination and the mixture was stirred ina ImL
amber glass vial at 37°C for 2h. Following mixing, the samples were centrifuged at
10,000 x g for 15 min to remove any remaining drug particulates. This procedure does
not sediment the lipid components. The samples were then dispersed as a 1:1000 (v/v)
dilution in 150mM NaCl with vigorous mixing at 37°C for 30 min.

The results for CAPTEX® 355-based AmpB SEDDS are summarized in Table 1.
The results for PECEOL®/GELUCIRE®-based AmpB SEDDS are summarized in
Table 2.

Table 1. CAPTEX® 355-based Amphotericin B Preliminary SEDDS.

1206- 1909 80

Effective Hydro- | Subpopulations
Components (% viv) dynarnic Relative
e - Diameter {nm) Diameter range pro-partion
CAPTEX Tween CAPMUL. Nak, PO, (Poly-dispersity {nm)
355 80 MCM (10mM, pH | index)
4.0)
50 17 31 2 186 (0.232) 49-69 79
196-277 21
33 5 40 2 237 (0.278) 24-44 73
111-242 12
614-1334 15
58 1G 30 2 216 (0.2538) 44-64 51
154-255 5
541-893 44
63 5 30 2 223 (284) 62-89 L 1g
168-241 &
413-648 75
70 10 18 2 168 (0.215) 50-65 82
199-273 18
50 17 3] 2 179 (0.24) 55-71 80
214-297 20




182 2000 533 0.392 119-200 30 1390-2330 70 AmpB in PECEOL(r) 351 0.383
128-194 20 al one 738-1120 80 10 Particle sizing by dynam c |ight
scattering of AmpB in PECECL /DSPE-PEG where the nol ecul ar wei ght of PEG
was vari eWoffemi8s® to 2000, foll ow ng 2h incubation Fidhdetesdeinst ed-state
intestinal fluid (pH 6.8) at 0.5ng AnpB/ nL. Rel ative proportion is based on
the cunmul ative distribution of particle sizes. 15EXAMPLE 2 The

Ef f ecti veness of Representative Anphotericin B Fornulations in Treating
Fungal | nfecti oRerticks peingi Waspeffompdgafiers maxtdreCayagli difpezibdi cHIVWS (v/v) i

150 mM NaCl at 37°C x 30 min. Relative proportion is based on the cumulative

distribution of particle sizes.

5 Table 2. PECEOL®/GELUCIRE®-based Amphotericin B SEDDS,
Components (% v/v) Hffective Hydrodynamic Sub-populations Reiative
PECEOL | GELUCIRE® | Diameter {nm} (nm} proporgon
@ 44/14 (polydispersity)

70 20 156 20-43 55
(0.291) 75-132 16
307-621 29
50 50 314 35-62 56
(0.319) 165-332 5
768-1345 59
30 70 252 28-30 a3
(0.294) 135-241 7
568-1160 30
PECEOL | GELUCIRE®
® 50/13
70 30 158 : 30-47 55
0.279} 94-168 17
336-599 28
50 50 192 19-22 25
(0.301) 71-145 24
306-704 51
30 70 396 36-99 25
(0.265) 228-527 63
1703-2382 12

Particle sizing was performed after mixture was dispersed 1:1000 (v/v) in 150mM
NaCl at 37°C x 30min. Relative proportion is based on the cumulative distribution of
10 particle sizes.
As shown in Tables | and 2, the effective hydrodynamic diameter was
168-237 nm at equilibrium for CAPTEX® 355/CAPMUL® MCM/Tween 80 (Table 1)
and 58-396 nm for PECEOQL®/GELUCIRE® 44/14 (Table 2) but not for formulations
based on soybean oil, PECEOL®/LABRASOL®, or PECEOL®/GELUCIRE® 50/13
15 (>1 pum, data not shown). Importantly, muliiple subpopulations of emulsion droplet size

were observed. For the CAPTEX® 355-based SEDDS, these subpopulations included
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In this exanple, the effectiveness of representative anphotericin B
formul ations of the invention in treating fungal infections is described.
Ani mal studi es were conducted 20to determ ne the effectiveness of
represent WOIN®/ kot ericin B fornul ations of the i nv@iiGROBHRAL | ng
rats infected with Aspergillus fum gatus or Candi da al bi cans.

1. Aspergillus fumgatus (2.7-3.3 x 107 colony formng units [CF1ll) was

injected via the jugular vein; 48h later male al bino Sprague-Dawl ey rats
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controls
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ei t her dlsggﬁﬁhggeg %%ﬁﬁﬂﬁ %%IS:%%% %%?re 5%%8%%>§$ fﬁ§W%%%ures
were grown on Sabouraud dextrose agar for 48 hours at 37C. Conidia were
isolated by 15 washing the agar with ﬁ??ogcn free saline. The conidia were
suspended by vortexing with glass beads and diluted with pyrogen free
saline to obtain between 2.7 to 3.3x107 conidia in 300HL of saline. Conidia
were counted using a henocytoneter and a 100pl aliquot was serially diluted
and allquots wer e plated on sabouraud dextrose agar for 48 hours at 37C to
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25col l ection tubes (3.6ng K2 EDTA) before infection (blank), pre-dose (O
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orror of |t HERENRee of monafaerie (e it PYICTy anGAGRA TR G PG, o
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treatnment signifi cantlé decreased total fungal CFU concentrations recovered

in all %he acgairsrvad delovgeinrertny 18046 ciparleds mpling in nearly identical

2008/ 144888FCH, GAAAR8AA049 (Rricus AmpB/PECEOL®/DSPE-PEG, preparations, as shown in
FIGURE 3B.

Regarding chemical stability, the trend was to slightly less drug stability in

formulations prepared with DSPE-PEG 350 or 550 compared to DSPE-PEG 750 or 2000.

30 AmpB aione (e.g., neat powder) was not soluble in these media and therefore could not

be used properly as a control at comparable concentrations due to the confounding factors

of increased dissolution over time vs. degradation. AmpB in PECEOL® alone prepared

otherwise the same way was inciuded as a negative control for the stabilizing effect of
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to non-treated controls (Table 4) without significant changes in plasna
creatinine levels (Table 5). ABELCET(r) treatnent significantly decreased
total fungal CFU concentrations recovered in all the organs added together
by 88% coWfg2P&d44888 non-treated controls (Table 4) wi t RERICAIGHIFTTant
changes in plasma creatinine levels (Table 5). 5 Table 4. Fungal analysis
of Aspergillus fum gatus-infected nmale Sprague Dawl ey rats treated with
oral gavage doses of Normal Saline (non-treated control), gHb)hotericin-

DSPE- PEG20BSPREFG it tedarmyeirneEcem/PFCERD . rhpwe & e iudishyy Jesp dwgys) or
a single 1Qtabﬂw 2y |ppu fag%ﬁmﬁimd%%%ﬁ(;{g) D@@EL@G %sﬁ%kﬂ)o@%esr@%'m x 2

days). Al rats were infected 0" Viabl e Colony Form ng
Units ( CFUBIGUBEM. /M@URST S dAnperignphd sigbifityri @vanidmecbmmhncﬁ Gluidrioniagtioileof

Lreatment . fCBIP Ny GhoREgghOERSLRE T Phe TP S b 3°53)
1163 364 55¢HB in PECEOL® alone or in PECEOL®/DSPE-PEG 350 compared to formulations
using the higher PEG molecular weighis.

FIGURE 6 illustrates the stability of AmpB in simulated intestinal fluid with
pancreatin, which contains degradative enzymes, These data suggesi better stability of
formulations containing DSPE-PEG 750 or 2000 compared to 350 or 550 or in PECEOL®

10 alone. In evaluating the degradation of AmpB in PECEOL® alone, however, is it is
important to note that poor mixing of AmpB/PECEOL® in the simulated GI fluids was
observed; this formulation tended to float. No changes associated with conversion of the
monomeric form vs. aggregated AmpB, such as a difference in the height ratios of
specific peaks in the UV spectra or overall pattern, was observed following the full

15 incubation time in the various media described here {data not shown).

Particle size analysis. Particle size analysis by dynamic light scattering

(ZetaPALS instrument, Brookhaven Laboratories, New York, operating at 650nm) was
used to assess self-emulsification properties. Emulsion droplet size was measured in
physiological saline (150mM NaCl) following 30min incubation at 37°C. For
20  PECEOL®/DSPE-PEG AmpB formuiations, the mean diameter was measured at 37°C
every 10min in preliminary experiments and it was found that the mean diameter came to
equilibrivm by 1h and remained stable. Drug stability was measured after 2h, therefore
2h was the time point used for reported particle size analysis from samples incubated in
stmulated intestinal fluids. Two data analysis modes are available in the ZetaPALS
25  software (version 3.88), which calculate a weighted mean effective hydrodynamic
diameter based on a lognormal distribution, and a multimodal distribution to identify
subpopulations centered on two or more mean diameters. Both values are reported where
bimodal or multimodal distributions were detected, with the proportion of each
subpopulation reported based on the cumulative distribution analysis (ZetaPALS

30 software, version 3.88).
Varying the DSPE-PEG molecular weight had no clear effect on the emulsion
droplet size in simulated intestinal fluid (Table 3) following mixing over a period of 2h at

37°C. Submicron mean diameters were observed in the range of 300-600nm with a fairly
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wide polydispersity. A bimodal particle size disiribution was also generated, with a small

subpopulation centered in submicron range (150-300nm) and another cemtered in the

[-2pm range. AmpB in PECEOL® alone also formed droplets of similar size and

distribution in simulated intestinal fluid. These particle size measurements were
5 performed in the absence of lecithin, which formed very large emulsion droplets under

the mixing conditions employed and opacified the samples. The results are presented in

Table 3.

Table 3. PECEOL®/DSPE-PEG Amphotericin B Formulation Particle Size.

Formulation: Effective Diameter | Polydispersity index |Sub-populations Relative
PECEOL®/DSPE-PEGR {nm} (nm} proportion

n lognormal
distribution

350 370 0.344 129-18¢6 20

B88-1282 80

350 600 0.402 108-171 20

1206-1909 80

750 596 0.395 134-210 18

i 1245-3400 82

2000 533 0.392 L 119-200 30

. 1390-2330 70

AmpB in PECEOL” 351 0.333 128194 20

alone 738-1120 80

10
Particle sizing by dynamic light scatiering of AmpB in PECEOL®/DSPE-PEG,
where the molecular weight of PEG was varied from 350 o 2000, following 2Zh
incubation simulated fasted-state intestinal fluid (pH 6.8) at 0.5mg AmpB/mL. Relative
proportion is based on the cumulative distribution of particle sizes.
15 EXAMPLE 2

The Effectiveness of Representative Amphotericin B Formulations

it Treating Funeal Infections: Aspergillus fumigatus and Candida albicans

In this example, the effectiveness of representative amphotericin B formulations

of the invention in treating fungal infections is described. Animal studies were conducted

20 to determine the effectiveness of representative amphotericin B formulations of the
invention in treating rats infected with Aspergillus fumigatus or Candida albicans.

L. Aspergilius fumigatus (2.7-3.3 x 107 colony forming units {CFUT) was

injected via the jugular vein; 48h later male albino Sprague-Dawley rats (350-400 g) were
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administered either as a single oral gavage of monoglyceride-DSPE/PEG2000-based
AmpB (10 mg AmpB/kg; n=7) twice daily for 2 consecutive days, a single intravenous
{i.v.) dose of ABELCET® (5 mg AmpB/kg; n=4), or physiologic saline (non-treated
controls; n=9) once daily for 2 consecutive days. Organs were harvesied at sacrifice
{day 3) and processed (see below). Blood was drawn before inoculation (Blank),
pre-dose (0 hour) and 48 hours after treatment for plasma creatinine analysis. Male
albino Sprague-Dawley rats (350 to 400g) were purchased from Charles River
Laboratories (Wilmington, MA). The rats were surgically implanted with a port {Access
Technologies) and catheter with access to venous blood by a similar method used for
rabbits. The rats were housed in an animal care facility with a 12 hour light-dark cycle
and controlled temperature and humidity. The rats were given ad [ibitum access water
and standard rat chow (Purina Rat Chow) for the duration of the study. The ports were
primed daily with normal saline and heparin to prevent blockages. The animals were
cared for according to principals promuligated by the Canadian Council on Animal Care
and the University of British Columbia.

Aspergillus fumigarus Inoculum. A. fumigatus were coliected from a pool of

patients with either disseminated aspergillosis (BC Centre for Disease Control). Cultures
were grown on Sabouraud dextrose agar for 48 hours at 37°C. Conidia were isolated by
washing the agar with pyrogen free saline. The conidia were suspended by vortexing
with glass beads and diluted with pyrogen free saline to obtain between 2.7 to
3.3x10" conidia in 300u! of saline. Conidia were counted using a hemocytometer and a
100ul aliquot was serially diluted and aliquots were plated on sabouraud dextrose agar for
48 hours at 37°C to determine the number of viable conidia and purity of the inoculum.
The average percentage of viable conidia in the inoculum was 62% +19. None of the
spore suspensions were contaminated with any other organism. Rats were inoculated
with 300ul through the indwelling port 48 hours before the beginning of treatment to
allow for aspergillosis to develop.

2, Candida albicans (1-1.33 x 10° colony forming units {CFU]) was injected
via the jugular vein; 48h later male albino Sprague-Dawley rats (350-400 g) were
administered either as a single oral gavage of monoglycenide-DSPE/PEG2000-based
AmpB (10 mg AmpB/kg; n=7) twice daily for 2 consecutive days, a single intravenous
(i.v.) dose of ABELCET® (5 mg AmpB/kg: n=3), or physiologic saline (non-treated

controls; n=9) once daily for 2 consecutive days. Organs were harvested at sacrifice
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5p<0. 05 vs non-treated controls using student T-Test; Al lI" Data are
presented as 15 nean SEM *Not e: Previous studies have shown t hat
AnpB al one does not have neasurabl e accunul ati on at the doses used herein.
ABLC: AnpW&x2¢8/ 633 B Li pi d Conpl ex. WO 2008/ 144888 PCHTA200/Q0TU975 Tabl e
5. Plasma creatinine concentrations before infection (blank), pre-dose (0
hour) and 48 hours after treatnent (48 hour). Blank 0 48 Creatini ne

(my/di) 0.4 0.5 0.9 Control (n=9) 0.1 0.1 0.2 AnpB/DSPE-PEG000/ PECECQL' a'
0.6 (day 3) and processed (see below). Blood was drawn before inoculation (Blank),

pre-dose (0 hour) and 48 hours after treatment for plasma creatinine analysis. Male

albino Sprague-Dawley rats (350 to 400g) were purchased from Charles River

Laboratories (Wilmington, MA). The rats were surgically implanted with a port {Access

5  Technologies) and catheter with access to venous blood by a similar method used for

rabbits. The rats were housed in an animal care facility with a 12 hour hght-dark cycle

and controlled temperature and humidity. The rats were given ad libitum access water

and standard rat chow (Purina Rat Chow) for the duoration of the study. The ports were

primed daily with normai saline and heparin to prevent blockages, The animals were

10 cared for according o principals promulgated by the Canadian Council on Animal Care
and the University of British Columbia.

Candida albicans Inoculum. Candida albicans were collected from a pool of

patients with either disseminated Candidiasis (BC Centre for Disease Control). Cultures

were grown on Sabouraud dextrose agar for 48 hours at 37°C. Conidia were isolated by

15 washing the agar with pyrogen free saline. The conidia were suspended by voriexing

with glass beads and dilnted with pyrogen free saline to obtain between 2.7 fo

3.3x10" conidia in 300! of saline. Conidia were counted using a hemocytometer and a

100u! aliquot was serially diluted and aliguots were plated on sabouraud dexirose agar for

48 hours at 37°C to determine the number of viable conidia and purity of the inoculum.

20  The average percentage of viable conidia in the inoculum was 62% %19. None of the

spore suspensions were contaminated with any other organism. Rats were inoculated

with 300ul through the indwelling port 48 hours before the beginning of treatment to
allow for aspergiliosis to develop.

3. Animal Methods. One-ml whoie blood samples were drawn into pediatric

25  collection tubes (3.6mg K, EDTA) before infection (blank), pre-dose (0 hour) and

48 hours after treatment (48 hour). All whole blood samples were mixed by inversion
and plasma was separated by centrifugation (15 minutes, 3000 RPM at 4°C). Plasma
samples were stored at -20°C for creatinine analysis, After the coliection of the 48 hour
blood specimen, the rat was euthanized with intravenous overdose (Iml) of
30  EUTHANYL®, (sodium pentobarbital 240 mg/ml). Spleen, right kidney, liver, lung,
heart and brain tissue samples were harvested, weighed and placed in sterile containers.

Normal saline was added, 1ml/g of specimen and homogenized (Heidolph diax 900). An
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0.6 0.5 10nmg/ kg (oral) (n=7) 0.2 0.2 0.1 0.3 0.4 0.5 ABLC 5ng/ kg-1V (n=4)
0.2 0.1 0.1 5Data presented as nean SEM The results for Candi da

al bicans are simlar to those for Aspergillus funagatus. Fungal analysis of
t he ki dnely® 2898/1@488i da al b/ cans-infected rats treat ed RUTTA2808/8Esent ati ve
AmpB fornul ation of the invention denonstrate significantly decreased total
fungal CFU concentrations conpared to control. FIGURE 7 conpares Candi da 10

al bi cans concentration (CPU/ mL) in the kidneys of rats i nf ect ed th

cundi da al Bi'guisClapigat rf@atoé%naw PAS SHHET Gf FOAR ERPBAPECERE (PFUo AR i on
(10mg/ kg) , r&néxﬁﬁg P@%%dsgﬁcm%@mh APLeMnAlysik.he i nvention

(AmpB/ PECEQL2/ DSPE- PEG- 2000, desi gnat ed AnpB/ DSPE- PEG- 2000, 10ng/ kg), and

i ntravenous ABEI@ETheipe (Oﬁessgagrﬁa?i@ﬂ inBRicg Wity /(YY) aFIaUBLREC@chin%élf%alCandl da
al bi cans cqn tr r S nf dh
Candi da al %f%‘gpswgéng‘ol% QfﬁEM&?lknpcu%g 8‘98& % 3%4@@;@&2 f‘%?tsgg \Imatl on
(10ng/ kg) , satfuepalesentiatindetolitild ﬁroﬁhubht@nmho&hcmhé Lipuk itomgiex (ABLC;

( AnpB/ PECE ) E- PEG,2000, des AnpB/ DSPE- PEG- 2000 / and
i ¥ avernous TBKUEET ) RS gh A BB C ) ey e P Fas: FUERALS of ¢ he
repr esent atjbi@alARPEhA-Qr Bl @@040930661 18eduzgong ATrpets ¢a 18d i eansrepemcepin at i on
was 20 conparable to ABELCET(r). Treatment with the rgﬁﬂesent ati ve AnpB

for mul at i orhomeg?ndm Ak 1§ difsiop duisl aetiistsaling (trirataciomesoaeh phigbeTaud
recovered 'Eﬂ:xtnjﬂfe g s lwdmpﬁwe SAQE 4l i%%'éubﬁﬂ%”ﬂ%-‘/ d:nhf%e@@mg chi6atd ni ne

| evel s, conpales plasma creatinine Inrats i1 nfected
wi t h Cdfidi déAafng@znsoaﬁdalbzrcea*t\eﬂewmmect@dtavoltagechweAﬁp@upE@EQ@ﬁeg The

formul atio /1 25 represent.ati-v. Bfor | ati on of the

i nventi on ?@%M@Pﬁ@?ﬁ‘é%ﬁt@é&%%ﬁmﬁ‘ el an npB/ DSPE- PEG- 2000,

logg/ kg)) and Ifﬁdhialvmm %Ehﬁﬁa’c(ﬂg) as(sétsgd mapxecioﬁﬂgsscﬁmi r(rK)M(Waa:nk Chr,

and 48hr No renal toxi mtws observed as. neas as eatl ne
MBI

6
2
b

levels. WS' DooAssessiREpCaRticEa0aI 00 9Ps EXANPIPEEC T @ ’E@onazol e

Formul ati oncomplex (ABLR:t RBELEXRFPLL, cotntb%a%ﬁp@&@twpoﬁﬁgn chargetiglh@gpt i on
of a represent at| ve econazole fornulation of the invention is descri bed.

The solldbi Isystymist aspergitosis] ovirrl whtPaArm. sSBLG04nGR(61: 13820L388 )0y deramirtis
solubility r&nﬁﬁ@%@%efl r§t10§1 1%%@%81@ a commercially available kit (Sigma Chemicals

Co.). A baseline was determined by measuring creatinine concentration in the blank
sample, and was compared to plasma creatinine concentration in the 0 hour (pre-dose),
48 hour samples. For the purposes of this study, a 50% or greater increase in plasma

20 creatinine concentration as compared to baseline was considered to be a sign of renal
toxicity.

4. Statistical Analvsis.  The number of CFU's in organs and plasma

creatinine concentrations prior to and following administration of treatment were
compared between each treatment group by analysis of variance (INSTAT2; GraphPad
25 Inc.). Critical differences were assessed by Tukey post hoc tests. Serum creatinine
values were compared prior to 48 hours following treatment using repeat measures
ANOVA with a Tukey post hoe test to determine critical differences (Prism 4; Graphpad
Inc.). A difference was considered significant if the probability of chance explaining the
results was reduced to less than 5% (p<0.05). All data were expressed as & mean +

30 standard error of the mean.
Antifongal activity and renal toxicity in rats infected with Aspergillus fumigatus.

PECEOL®/MSPE/PEG2000-based oral AmpB treatment significantly decreased total

fungal CFU concentrations recovered in all the organs added together by 80% compared
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Econazol e nitrate formulations (10 and 15 ng econazole nitrate/ nL
formul ation) were prepared by a nethod simlar to the nethod for preparing
t he anphotericin B formul ati on described in Exanple |I. To econazole nitrate
(Si gma) awé ZEPESPEG2000 (15mVM) powders was added 45CPRECRAINBHOYCSZEHd t he
resulting m xture shaken for 2-4h at 1045C in a shaking incubator. No
et hanol was used. Sanples were centri fuged in order to visualize

unsol ubi lized materjal. The m xture was en eval uated for clari t%v ver

tine. torRen- H?%%fh%?m@},so@é%l‘% Wﬁﬁ*‘?ﬁ“a%“ IGRhENARETOR RRE S FEUBEedd st 37¢
for 2h in sl af edsgastT? Geaftﬂaéﬂt%gﬁﬂf R0 debpeathal bl @NYal (RASERLerif.ab:e;

si mul at ed | ntestinal fluid, and fed-state sinulated intestinal fluid with
and Wit houtrﬂqﬁaﬁ@qi datalinthe airganataddeds pgethery byl iBR th FoRyaradstonesy Epaled gontrols
erruIS|f|cat r hQple ated i mredi ately
by dynam JIr {i})‘gcautt & lﬁcwaﬁ’g%ﬁggﬁa@% e\%ﬂ;ﬁ@fc‘ﬁ@tﬁ r(ﬁér{rjgénébs) The

formul at’i ons vvere eval uated for clarlty over tinme.The results are
sumari zed .ip Table 6. Table eara eof egonazo

For mil at  ofblesh ERBRL A PIES ﬁfﬂe% E b g;ag’i%ﬁ“
days15 dayérei@%")’]mora] £3VEF gpes sy & nt'r é‘??&l Cé’f’f’@ FidYat i on

A ear O earldIEEFESEYRpsop ;irﬂ1_t0 P&GHGL Cq} ape/kg twice daily x 2 days) or 2 single
10 intravenous dose of ABELCET® (ABLC; 5 mg/kg once daily x 2 days). All rats were

infected with 2.9-3.45 x 10’ Viable Colony Forming Units (CFUY0.3 mlfrat of
Aspergillus fumigatus prior to mitiation of treatment.

Treatment Infected Tissues (CFU/mi of homogenized tissves)
Groups '

Brain Longs Heart Liver Spleen Kidney All Organg
Non- 3538% | T4t 101 308+ -1 1163+ 364+ 5549+
treated 1810 30 63 114 T2 i19 2498
Controls
(n=9)
ABLCS 350k 10+ | 15+ 15+ 88x 10+ 690+
{n=4) 445° 4 |3 3* 44 o 414°
AmpB- 7364 Six 20+ 180x 107+ 44+ 1139
DSPE- 186° 18 4 48 32° 10° 221°
PEG-
20600
(n=7)

*p<0.05 vs. non-treated controls vsing student T-Test; All Data are presented as
15  mean = SEM.
*Note: Previous studies have shown that AmpB alone does net have measurable

accumulation at the doses used herein. ABLC: Amphotericin B Lipid Complex.
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‘portion with solids Not testedNot tested Enul si on dropl et size

anal ysis was determ ned for the econazole forrmulation (10ng/ ) in

sinmul ated gastric and intestinal fluids (SG, FaSSl1F, FeSSlF, and FeSSRe),
wi t h meanvBa8Bad48p8 peak anal ysis by vol une. Enul si on @CIFIAGREIPES | n t he
25table refers to the nmean and peak half-width, a range for each

subpopul ation. The results are summarized in Tabl e 8.
20081144888PCT1CA20081000975 Tabl.e 7. Enul si n dr opl et for econazol e
formul ation. Medi A301DP1 GEFHA CRAMIRG CPEHLTRUS fOff C“@BZ 1?2‘%‘1?%%) Mean

(nm) SG- 100 30 291 7246(((%70111’9;11}@@91’10&1’5 aBd:Q2Q062998 hour,

Blank G 48
Creatinine (mg/dl) 0.4 0.5 0.9
Control {n=9) +0.1 0.1 +0.2
AmpB/DSPE-PEG2000/PECEOL® 0.6 0.6 0.3
10mg/kg (oral) (n=7} 0.2 +1.2 +0.1
0.3 0.4 0.5
ABLC Smg/kg-IV (n=4) +0.2 +0.1 +0.1

5 Data presented as mean =SEM

The results for Candida albicans are similar to those for Aspergillus fumigatus.
Fungal analysis of the kidneys of Candida albicans-infected rats treated with a
representative AmpB formulation of the invention demonstrate significantly decreased
total fungal CFU concentrations compared to control. FIGURE 7 compares Candida
10 albicans concentration (CFU/m]) in the kidneys of rats infected with Candida albicans
and treated with control, an AmpB/PECEOL® formulation (10mg/kg), a representative
AmpB formulation of the invention (AmpB/PECEOL®/DSPE-PEG-2000, designated
AmpB/DSPE-PEG-2000, 10mg/kg), and intravenous ABELCET® (designated ABLC,
Smg/ml). FIGURE 8 compares Candida albicans concentration (CrU/ml) i the organs
15 of rats infected with Candida albicans and treated with control, an AmpB/PECEOL®
formulation (10mg/kg), a representative AmpB formulation of the invention
(AmpB/PECEOL®/EBSPE—PEG—ZOOO, designated AmpB/DSPE-PEG-2000, 10mg/ke),
and intravenous ABELCET® (designated ABLC, Smg/ml). The effectiveness of the
representative AmpB formulation in reducing Candida albicans concenirafion was
20 comparable to ABELCET®. Treatment with the representative AmpB formulation
significantly decreased total fungal CFU concentrations recovered in the kidneys without

significant changes in plasma creatinine ievels.
FIGURE 9 compares plasma creatinine (mg/d}) in rats infected with Candida
albicans and treated with control, an AmpB/PECEOL® formulation (10mg/ke), a
25  representative AmpB formulation of the invention (AmpB/PECEOL®/DSPE-PEG-2000,
designated AmpB/DSPE-PEG-2000, 10mg/kg), and intravenous ABELCET® (designated
ABLC, 5mg/ml) (blank, Ohr, and 48hr). No renal toxicity was observed as measured by

plasma creatine levels.
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FaSSI F 500 59 333 12365(44%and | 342138 (56% FeSSIF 500 66

1557386182(10% ; 726143(5% and 2503 565 (85% FeSSIFe 500 510 >5000
650150( 75%
WG 2008/144888 PCT/CA2008/000975
EXAMPLE 3

Representative Feonazole Formulation

In this example, the preparation and characterization of a representative econazole
formulation of the invention is described. The solubility of econazole in water is
5 < lmg/mL (19-66°F), and the solubility in ethanol is < 20mg/mlL.
Econazole nitrate formulations (10 and 15 mg econazole nitrate/mL formulation)
were prepared by a method similar to the method for preparing the amphotericin B
formulation described in Example 1. To econazole nitrate (Sigma) and DSPE-PEG2000
{15mM) powders was added 45°C PECEOL® and the resulting mixture shaken for 2-4h at
10 45°C in a shaking incubator. No ethanol was used. Samples were centrifuged in order to
visualize unsolubilized material. The mixture was then evaiuated for clarity over time.
The product econazole nitrate formulation was incubated at 37°C for 2h in
simulated gastric fluid (1100 v/v dilution), fasted-state simulated intestinal fluid, and
fed-state simulated intestinal fluid with and without pancreatin {all at 1:500 v/v dilution)
15 to evaluate emulsification properties. Emulsion droplet size was evaluated immediately
by dynamic light scattering (Zetasizer, Malvermn Instruments).
The formulations were evaluated for clarity over time. The results are
surnmarized in.’i‘able 6.

Table 6. Visual appearance of econazole formulations.

20
Econazole Visual Appearance
Formulation
Day 0 24h 4 days S days
10mg/mbL Clear Clear Clear Clear >5days
15mg/mL Some solids Still ciear Not tested Not tested
remaining after | portion with
centrifugation solids

Emulsion droplet size analysis was determined for the econazole formulation

(10mg/mL) in simulated gastric and intestinal fluids (SGF, FaSSIF, FeSSIF, and
FeSSIFe), with mean based on peak analysis by velume. Emulsion droplet size in the

25  table refers to the mean and peak half-width, a range for each subpopulation. The results

are summarized in Table 8.
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>5pm (25% SGF: sinulated gastric fluid 5FaSSIF: fasted-state sinmulated
intestinal fluid FeSSIF: fed-state sinulated intestinal fluid FeSSlFe:
fed-state sinulated intestinal fluid with pancreatic enzynmes (Signa)
Conposi t | Wi 2898/14#5581| at ed gastric/intestinal fluids (I [PCTHSQHB0A097S

enul sification studies for the econazole formulation. 10SGF (sinmul ated
gastric fluid): Distilled water: IL Sodium chloride: 30nM (1740ng/ L)
Hydrochloric acid: as required to adjust to pH 1.2. FaSS1F (fasted-state
simul ated intestinal flhreg7. Emsbﬁ‘sdfeplﬁ@ﬁzé&ﬁ%ﬁﬂ%’ﬁ@g@ﬁ%ﬁi@mns 9g Distilled
water: |L Sodi um taur ochol ate: 3nM (1613. 04ng/ L) Egg phosphatl dyI chol i ne:

0. 75mM (570 GF Lt ®ia) 3 roghior
r equi re((j to jéést) H%hgs%fagﬂ& égbu%;?*f]ze qja%’e fl%nul ated | nrrgllr% na
fluid): D|<r{—|—b—4—%d—water' t-—Ae € 8656 O O34k A
t aur oz:hol ate: SPSmv (8065109ng/ L) 25E38 phosphatu%gdyl cha 313%%3%2@;?&%
L) o)
(2850. 34mg FaSSIF 500 59 333 123465 (44%) and
342+138 (56%)
FeSSIF 500 66 1557 386182 (10%;,
726%143 (5% and
2503+ 565 (85%)
FeSSIFe 500 510 >5000 630150 (75%)
>5um (25%)

SGF: simulated gastric finid
5 FaSSIF: fasted-state simulated intestinal fluid
FeSSIF: fed-state simulated intestinal fluid
FeSSIFe: fed-state simulated intestinal fluid with pancreatic enzymes (Sigma)
Composition of simulated gastric/intestinal fluids {1L) used in emulsification
studies for the econazole formulation.
10 SGF (simulated gastric fluid):
Distilied water: 1L
Sodium chioride: 30mM (1740mg/L)
Hydrochloric acid: as required to adjust fo pH 1.2.
FaSSIF (fasted-state simulated intestinal fluid):
15 Dibasic potassium phosphate: 3.9¢
Distilled water: 1L
Sodium taurocholate: 3mM (1613.04mg/L)
Egg phosphatidylcholine: 0.75mM (570.07mg/L)
Potassium chloride: 7.7g
20 Hydrochloric acid: as required to adjust pH to 6.5.
FeSSIF (fed-state simulated intestinal fluid):
Distille¢ water: 1L
Acetic acid: 8.65g = 9.073ml
Sodium taurocholate: 15mM (8065.2mg/1.)
25 Egg phosphatidylcholine: 3.75mM (2850.34mg/L.}
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WD 2008/ 144888PCT/ CA2008/ 000975 Pot assi um thl oride: 15.2g

Hydrochl oric acid or sodium hydroxide: as required to adjust pHto 5.0.
FeSSI -, with pancreatic enzynes: Distilled water: |IL 5Sodi umtaurochol at e:
7. 5mM (4092289148888 Egg phosphati dyl chol i ne: 2. 0mM ( 1528 TIGxpg#siiposd ycer yl
nmonool eate: 5.0nMM (1782. 72ng/ L) Sodium ol eate: 0.8nmM (241. 96ng/ L)
Pancreatin: 1000 u lipase 10Acetic acid: 9.073m Potassiumchloride: 15.2g
Hydrochl oric acid or sodium hydroxide: as required to adjust pHto 5.8.
EXAMPLE 4 Representative Docetaxel Formulation 15In this exanple, the
preparation of a rep@e&esﬂmthiméd@otfeﬁt@xel formul ati on of the inventi on is
descri bed. The sol ubi]ity. of. do et ax n.water i s ab 2

A docet axel fornul at Hﬁ'ﬁ %E é”e? éﬁ%ﬂ‘?ﬁf‘”f 8? il "SHS ﬁl""’%ﬁ tﬁ% tB red by
conbi ni ng docet %SSIF(\EMU}&&):I'@B&V\QQ met:t h t he DSPE- PEGZOOO powder and wetting
t he conbi ned powders _100% et hanol to 10% v/v of the final intended vol une.
The ethanol 20 did ABYEBMEETI te the powders. To the wetted powders was
added PECECL(r) that syasmh@oVyidied; 5911\/5%@32{391 howed by vortex mixing for 2
mn which resulted in a clear solution ano was not renoved.

Et hanol was used wit ﬁg@@b@@h@é@iylcéghw Rl (V &3t 13T1fr€/Lhi s formulation to

maxi m ze solubility. p ubI e but has polar
regions. 25The formula C%% vvas e%tgl 3?5’%%5% ty over tinme. The results
are summari zed i n TaBbéiut oleddD 2BOBY L44388PT]/ CA2008/ 000975 Tabl e 8. Vi sual

appear ance of doceta ancréa%nqbgé ans. Docet axel Fornul ati on Vi sual
Appear ance P
10 Acetic acid: 9.073ml
Potassium chloride: 15.2¢g
Hydrochloric acid or sodiam hydroxide: as reguired to adjust pH to 5.8.
EXAMPLE 4
Representative Docetaxe] Formulation
15 In this example, the preparation of a representative docetaxel formulation of the

invention is described. The solubility of docetaxel in water is about 10-25 ug/mL.

A docetaxel formulation (10mg docetaxel/mL formulation) was prepared by
combining docetaxel (Fluka) powder with the DSPE-PEG2000 powder and wetting the
combined powders 100% ethano! to 10% v/v of the final intended volume. The ethanol

20  did not solubilize the powders. To the wetted powders was added PECEOL® that v;fas
pre-warmed to 50°C, followed by vortex mixing for 2 min which resulted in a clear
solution. Ethanol was not removed.

Ethanol was used with docetaxel as a co-solvent in this formulation to maximize
solubility. Daocetaxel is poorly water soluble but has polar regions.

25 The formulation was evaluated for clarity over time. The results are summarized

in Table 8.



Day 0 24h 4 days 5 day. 10ng/nlL at 4C Solidified at 4C but clear upon
nmelting briefly Solidified at 4C but clear upon nelting briefly Solidified
at 4C but clear upon nelting briefly 10ng/nL at 21C CearC ear Cear Cear
10ng/ mL aWO-20@04488p| i di fi ed at -20C but cl ear upon nelPCIHE2BIS0EEATS
Solidified at -20C but clear upon nelting

Table 8. Visual appearance of docetaxel formulations.

Docetaxel Visual Appearance
Formulation
Day 0 24h 4 days 5 days
10mg/mL - Solidified at 4°C | Solidified at 4°C | Solidified at 4°C
at 4°C but ciear upon but clear upon but clear upon
melting briefly melting briefly melting briefly
10mg/mL Clear Clear Clear Clear
at 21°C :
10mg/mL - Solidified at Solidified at Solidified at
at -20°C -20°C but clear -20°C but clear -20°C but clear
upon melting upon melting upon melting
briefly briefly briefly
10mg/ml - Clear Clear with yellow | Clear with yellow
at 50°C tinged™ tinge*

*Consistent with color change observed with PECEOL® alone at 50°C for this
5 length of time.
Docetaxel formulations of the invention include those as described above, but that
do not mclude ethanol.
While illustrative embodiments have been illustrated and described, it will be
appreciated that various changes can be made therein without departing from the spirit

10 and scope of the invention,
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briefly Solidified at -20C but clear upon nelting briefly 10ng/ nml at 50C
Clear Clear with yellow tinged* Clear with yellow tinge*

*Consi stent with col or change observed with PECEOL al one at 50C for this

5l ength of tine. Docet axel formul ations of the invention include

t hose as descri bed above, but that do not include ethanol. Wi | e

il lustratyxevgnbodi nents have been illustrated and described, it wll be
appreci ated that various changes can be made therein w thout departing from
the spirit 10and scope of the invention. CLAIM5S 1.An arnphotericin B
fornul ati on, konprAsemghottadindonotierpei@IBIISEsti onal Iy in an anount from

0.5 to 10 ng/nl of Epl ahioily (R)anOReowk oM €0 fabt y0 agi/dLgbfyber ol
esters; (c) o orméggg&ggryéth§lengloxide-containing fatty acid esters;

wher ei n foheuletitd:o of the fatty acid glycerol esters to polyethylene
oxi de- cont ai nifg Gl of A6tk FatBSIcRT Slyt&ol esters;

{c} one or more polyethylene oxide-containing fatty acid esters; wherein the
ratio of the fatty acid glycerol esters to polyethylene oxide-containing fatty acid esters is
from 20:80 to 80:20 v/v; and

(d) optionally glycerol in an amount less than 10% by weight.

2. The formulation of Claim 1, wherein the fatty acid glycerol esters
comprise from 32 to 52% by weight fatty acid monoglycerides,

from 30to 50% by weight fatty acid diglycerides,

from 5to 20% by weight fatty acid trigiycerides,

and greater than 60% by weight oleic acid mono-, di-, and triglycerides.
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from20:80 to 80:20 v/v; and (d) optionally glycerol in an anmount |ess than
10% by weight. 2. The fornulation of Claiml, wherein the fatty acid

gl ycerol esters conprise from32 to 52% by weight fatty acid

nonogl yceri des, from30 to 50% by weight fatty acid diglycerides, from5 to
20% by wei ght fatty acid triglycerides, and greater than 60% by wei ght
oleic acid ﬁ't oAl t}Jn ﬁf %ﬁﬁrdngeéf ClatmiNgof Wh@éh@ﬁh@@o@fetl@%eone of

Clainms 1-2, ereln % he po e oxide-containing fatty i éers
conpri seoxidpodnaining Gie esid orétee%@empete & @}f@z}ﬂ“‘%ﬁ‘at"ﬁ}dét %SéFff y‘g%eé‘rsz

pref er abl .y, apehHeldy! ene oxide ester of a Cl2-Cl 8 saturated fatty acid,
preferably a polyethyl ene oxide-. ester t roup consisting
of lauric aC|a@&%@%yepOBaﬂﬁﬂeﬁémétﬁamégfebifngéﬂﬁt%?%gf%%ﬁ ters, and

m xtures ther ferably a polatid/lgrefaleablyr ssheeteel frort Hise groliy etrividtiepef lauric

oxi de- cont. I n er.s ne oxi de having an
aver age WB?S@@F%?ﬁﬁgi (f%gﬂfF%ﬁ??§§8%&£§O%ﬁ?m&8h%ghﬁ¥%ﬁ e formul ation of
any one of C mmrafeabtmrmm thhe pbloethuileat | ofid¢-gomaigisief fcéWu lagiidf g5ty dr ug
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in the manufacture of a medi came for adm nistering anphotericin Bto a
subj ect in need thereof, wherein the nedi canent is optionally for oral or

t opi cal use. 6. A use of a therapeutically effective anmount of an
anphotericin B fornul ati on of any one of Clainms 1-4 in the manufacture of a
medi canent for treating an infectious disease treatable by the

adm ni stration of anphotericin B to a subject in need thereof, wherein the
medi canment is optionally for oral or topical use. 7. The use of Caim
6, wherein the infectious disease is a fungal infection such as
aspergillosis, blastonycosis, candidiasis, coccidioidonycosis,
crytococcosi s, histoplasnosis, mucornycosis, paracoccidioidonycosis, or
sporotrichosis; visceral |eishmaniasis; cutaneous |eishmaniasis; Chagas

di sease; or Febrile neutropenia.
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4. The formulation of any one of Claims 1-3, wherein the formulation is a

self~emulsifying drug delivery system.

5. A use of a formulation of any one of Claims 1-4 in the manufacture of a
medicament for administering amphotericin B to a subject in need thereof, wherein the
medicament is optionally for oral or topical use.

6. A use of a therapeutically effective amount of an amphotericin B
formulation of any one of Claims 1-4 in the manufacture of a medicament for treating an
infectious disease treatable by the administration of amphotericin B to a subject in need
thereof, wherein the medicament is optionally for oral or topical use.

7. The use of Claim 6, wherein the infectious disease is a fungal infection
such as aspergillosis, blastomycosis, candidiasis, coccidioidomycosis, crytococcosis,
histoplasmosis, mucormycosis, paracoccidioidomycosis, or sporotrichosis; visceral

leishmaniasis; cutaneous leishmaniasis; Chagas disease; or Febrile neutropenia.
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