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COVPQOSI TI ONS FOR DELI VERI NG H GHLY WATER SCLUBLE DRUGS
BACKGROUND OF THE | NVENTION Field of the I nvention

wahios/oiTMent i on rel ates to an enul si on conposi PCDNS1005/024594

delivering highly water-soluble drugs such as vinca
al kal oi ds. Description of the Related Art Despite
years of research into the devel opnent of nore
effective and safe therapeutic agents for cancer,

cancer drugs renain extrenel | lent
coRroSTERiS EGk hed VIRl ALY b AR Bl e BRues
drugs, such as chenot herapeutic agents, include bone
marr ow suppressi on, asthenia, peripheral neuropathy,
BACKBROUND @R THE INMVENTIONTRKe t hi ngs worse, many

i ntravenously injected cancer drugs can cause | ocal
reactions at the injection site resulting in vein

I:J.rri t | [ n, tissue necrosis and/or
—ﬁ#?—giﬁb@pﬁl—%m s. The consequence of injection site
reacti onsThig ifvehRsPidIgtesny aagamtisiorycompbsitien éxtdedivering
pain, early termnation of drug treatnent, wounds that
highly watdrisoluhle dougeauch gg yinsa %E@'ﬁﬁﬁent ti ssue damage,
and, in the worst case, anputation. Al kal oids isolated
fromthe periw nkle plant (Vinca rosea) and

Ry aA ¥ESetREERY Artcol l ectively referred to as
~vinca al Kalords,” have proven effective as first |ine

t her apy f Despiieyeaypetrastargmiptivthesdevalemaantel marjeffective
and safe therapeutic agents for cancer, cancer drugs remain extremely toxic to

patients. The common systemic toxicities associated with cancer drugs, such
as chemothe.r-apeutic‘ agents, include bone marrow suppression, asthenia,
peripheral neuropatﬁy, dyspnea, alopecia, efc. To make things worse, many
intravenously injected cancer drugs can cause local reactions at the injection
site resulting in vein irritation, pain, tissue necrosis and/or thrombophlebitis.
The consequence of injection site reactions to a chemotherapy agent may
include extreme pain, early termination of drug treatment, wounds that are
difficult to heal, scars, permanent tissue damage, and, in the worst case,
amputation. |

Alkaloids isolated from the periwinkle plant (Vinca rosea) and
derivatives thereof, collectively referred to as "vinca alkaloids," have proven
effective as first line therapy for many types of lymphomas, leukemias, and
other cancers. Vincristine and vinblastine consist of a catharanthine moiety
linked to vindoline, and the structures differ by a single substitution in the
vindoline group. Vindesine, a desacetyl carboxyamide derivative of vinblastine,
was synthesized later. Subsequently, novel synthetic approaches were used to
generate compounds that differed from the natural compounds by the presence

of an eight- rather than a nine-member catharanthine ring, including vinorelbine,
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ot her cancers. Vincristine and vinbl astine consist of

a catharanthine noiety |linked to vindoline, and the
warwaotzaes differ by a single substitution i nPCHES2005/024594

vindol i ne group. Vindesine, a desacetyl carboxyani de

derivative of vinblastine, was synthesized |ater.

Subsequent |y, novel synthetic approaches were used to

generate conpounds that differed fromthe natural
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les{g{ét%lﬁ%%%tg\hl ch is commonly available as a tartrate

., Vinorelbine bitartrate or vinorel bi ne

tartrate. Viiicacikaibikialane thighdy eytotaiic drugsttbebdiscuptr ugs
that disrupt mcrotubules, inhibit cell division
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vi nbl asti ne and vi norel bi ne are the. best nber s
of thi s dVingristing, Wnkiasting énQ\AVH'tQI"?'blE@e%fectF?% 5‘%%9”‘
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530 o 0 Pl S Y B R )20 i
siGilar $tiL1RES ah@mhédHdnRgns bPackNE e alkaloids diffenin their

used nostly to treat hematol ogi cal cancer

antitunuireadtivity gnd soxicities.| Far exaigpla, vincsistin@ s ¢ usgd mostly to treat
et Rty BRI GG E5i4ig Th Labadigirtine
o ARORFRI08 5616 € 99016 ol bt mnaala
cah&er, and itdrivjgstien sitessantiontie shagtisgvere amongst all vinca alkaloid
drugs.

It is well known that all vinca alkaloid drugs are associated with
adverse reactions at the injection site. For example, the current vinorelbine
product approved in the U.S. (NAVELBINE®) has a “blackbox” warning due to
its severe reaction at the injection site.

NAVELBINE® is reportedly associated with a high incidence
(51%-61%) of local reactions at the injection site, characterized by injection site
pain and phlebitis. The injection site reaction or extravasation of NAVELBINE®
can be severe, ranging from considerable pain, irritation, and tissue necrosis to
thrombophlebitis (The NAVELBINE® Product Information by GlaxoSmithKline).

NAVELBINE® (vinorelbine tartrate) is a simple solution formulation
for intravenous administration. Each vial contains vinorelbine tartrate
equivalent to 10 mg (1-mL vial) or 50 mg (5-mL vial) vinorelbine in water for
injection at pH 3.5.

Rittenberg reported post-incident care and management of
venous irritation or phelibitis due to NAVELBINE® (Oncol. Nurs. Forum 22: 707-

10, 1995). Mare reported methods for preventing venous toxicity of
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adverse reactions at the injection site. For exanple,
the current vinorel bine product approved in the U S

W@ MNAVBLBINE(r) ) has a "bl ackbox" warni ng due tBCT/US2005/024594
severe reaction at the injection site. NAVELBINE(r) is
reportedly associated with a high incidence (51 %61%
of local reactions at the injection site,
characterized by injection site pain and phlebitis.
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ke?ﬁfo'lqar%'orr rcbé@éi'n@ﬁnfu@f&?'\ ddreuRsTReM @sb6luk nfusion to a slow

thronbophl'ebrt™s (The NAVELBI NE(r) Product |nformation
infusicd 4Soppot [Gere CNceNAVEREB-RERDYI). vilawerehithr injection site

toriaty RUMBLOTAARTINS B PLIFT VEREEMAITC IR apeen property

aa(;d.rrgg%é% n@h?ﬁh&ﬁdr&pﬁry’mﬂg%ﬁ Qk@(ﬁacﬁ%nboviﬁga Glkaldid préducts

vinorelbine in water for

reinﬁéiﬁﬁhégfbsatvepw&cﬁdc &ugsenber g reported post-inci dent
care and nmanagenent of ~vepous irritation or elibit]
duc to NAGRIBIYEETSTUISIRIon atosizaY Arpade BFanighed der
) . . . 1 ® :
« 1 30Merel BERUGCRTEIA TS g [ oft et bypesvetone” i
cérttol-of REhanwedacity atrivigstias sitefdrbmiatinedargsk diaraxample, the
or changi ng i nfusion schedul es from a, bol Srikgf usi .on

inframaisstlan O RGP UE SEEHRR OCaRNTeRNET ©F §iariEyamyein in a
SGHRh IRIBNGS s SRFE RS eI A meatn
oPEIRRARITbhyBHCFE 8ARAIDR (ol-inPwatdrLig beallyhan-irdtatiag¥dach
98&%&2;? alg)g}_el\(/glr,oc;il?in—pv(lgtglrj g}nsulstigrrlr?(i)rrr]m} lgt?onnsbéc’rte t‘{,ﬁf“c%ﬂ? applied to
only lipophilic drugs such as propofol, diazepam, erythromycin or
clarithromycin, efc. Desai (U.S. Pat. No. 4,816,247) disclosed emulsion
compositions for administration of sparingly water soluble ionizable hydrophobic
drugs. _

Without wishing to be bound to a particular theory, it is believed
that in an oil-in-water emulsion, a lipophilic drug is preferentially dissolved in the
oil phase and therefore is coated and/or encapsulated in the oil droplets, thus
preventing direct contact of drug molecules at a high concentration with the
venous endothelium tissue, thus reducing the venous toxicity of the drug.

However, to date, the utility of an emuision in preventing venous
toxicity of irritating drugs is limited to only lipophilic (or hydrophobic) drugs since
highly water-soluble drugs, such as vinca alkaloid drugs, dol not partition well in
the conventional emulsion oil droplets. For example, vinorelbine in the
bitartrate salt form is highly soluble in water with an aqueous solubility is >1000

mg/mL in distilied water.
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QO l-in-water enulsion fornulations may provide
advant ages over a traditional solution formulation
WG owh/0sR46 he one used by NAVELBI NE(r) in cont rpCT/082005/024594
venous toxicity at injection site for irritating
drugs. For exanple, the intranuscular or intravenous
i njection of erythronycin or clarithronycin in a
solution fornul ati on causes severe pain at the

i njection_sit and er.yt hr ony.ci I Lt Cl
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are typicaily applied to only Iipophilic drugs such as
fuifillesotbla nebchaaﬁ@mwéegoﬂne@m?lat afvantages-hr onyci n,

etc. Desai (U S. Pat. No. 4,816, 247) disclosed

emul si on conpositions for adm nistration of sparingly

BRAECSUAMARY g THERN ERTRDRPNODI C dr ugs. W T hout

w shing to be to a particular theory, it
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of the drug. However, to date, the utiljty.of an .
trighygesidrpil, ANBVIBHEr 17y SBeigat artivetry whprei Ind Sompgsition i
1okt e e o Bty
irg{oﬁﬁ%rﬁgf_lugs,. Iolo! not Ioart ition well in the

vi nor el bi hgcelggiuméhggdi%entgrtﬁg lh?gthsiy w';?ér seo)iL?bqgld(?Ug is venous
toxic and/or weakly basic absent the emulsion. In certain embodiments, the
drug is selected from the group consisting of dopamine, ciprofloxacin,
vancomycin, norvancomycin, doxorubicin, daunorubicin, vinca alkaloids (e.g.,
vinorelbine), and pharmaceutically acceptable salts thereof.

In certain embodiments, the triglyceride oil is a triglyceride having
long chain fatty acids, a triglyceride having medium chain fatty acids, ora
mixture thereof.

In certain embodiments, the emulsifier is egg lecithin, soy lecithin,
a synthetic phospholipid, or a mixture thereof.

- In certain embodiments, the stabilizer is a fatty acid (e.g., oleic
acid), riboflavin-5-phosphate, vitamin-E succinate, cholesterol sulfate, or a
mixture thereof. '

In certain embodiments, the drug has an aqueous solubility of at
least or over 30, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450, 500,
550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 mg/ml.

in certain embodiments, the charge ratio of the drug to the

stabilizer is in a range of 1:1 to 1:10. In certain embodiments, the charge ratio
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bitartrate salt formis highly soluble in water wth

an aqueous solubility is >1000 ng/nL in distilled
WoRi0e/017Bhas, there remains a need in the art fRCT/US2005/024594

devel opi ng enul si on conpositions for delivering highly

wat er sol ubl e drugs. The present invention fulfills

such a need and provi des ot her rel ated advant ages.

BRI EF SUMVARY OF THE | NVENTI ON The present invention

provi de onpasi.tions .for,.deliveri-ng hi . I .
oo dpis R BgRalere b P gL A b B gra 1 o

-4y one aspect, the present invention provides emulsion

conpositions for delivering highIK wat er sol ubl e drugs

t hat congnicsesireembpdinyents; oie lasis|than$0&mm it PaYe, 930/?’ 94%,

bi i . T :
OB B H By o Dfhior 5 O sl EedR TR Rt b PhasE e
eﬂ%&ﬂ_s substantially in the oil phase. In certain

odiments, the highly water soluble drug is venous
t oxi ¢ andhaerisrakipodaséentsathsetrugtinghe smulsion composition is in

a ggéaga{ktgq@g?rggb%?tggoa’{)ggqghagt ‘%C? B]%Zt%\fgf{gcg?r{téiﬁrgrﬁ@c?diments,
th‘é?d%%%g}{ﬁég?nOBP{h\éad;ﬁ W%é‘egggiﬁr? whhishit.2, dauner gby 8o, 10,

Vinca a rds (e.g., vin ne), and

19520, 1%; 801 85,240, i SaorcEprragling sal ts thereof. In certain
enbodi nents, the triglyceride oil i

having | ogEnaiBRrATRAy MR EReTIN YISy B Fiee SGU g tion
forrredde'IiV@ir@gihﬁbﬁlfWai’er%lGﬁe, MndusoXic Wi WB8k§Yasic drug that
comprises an oil-in-solid dispersion prepared by freeze-drying the emuision
described herein.

In another aspect, the present invention provides a lyophilized
formulation of a highly water soluble, venous toxic and weakly basic drug,
wherein the formulation, when hydrated, produces the emulsion described
herein.

In .certain embodiments, when the lyophilized formulation is
reconstituted in a liquid medium to provide particles, the particles increase in
size by less than one-fold as compared to particles before lyophilization.

In another aspect, the present invention provides a method for
treating cancer comprising administering to a patient in need thereof the
compositions described herein wherein the drug in the composition is a vinca
alkaloid (e.g., vinorelbine bitartrate). In certain embodiments, the composition
is administered intravenously. In certain other embodiments, the composition is

administered intramuscularly or intraarterially.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the effects of various stabilizers on vinorelbine

incorporation into the oil phase of an emulsion.
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In certain enbodi nents, the enulsifier is egg
lecithin, soy lecithin, a synthetic phospholipid, or a

WOR00bM01IR4¢ hereof. I n certain enbodi nents, the PCT/US2005/024594

stabilizer is a fatty acid (e.g., oleic acid),

ri bofl avi n-5- phosphate, vitam n-E succi nate,

chol esterol sulfate, or a mxture thereof. In certain
enbodi ments, the drug has an aqueous solubility of at

| east or &igure shdvds theseffert® of ¢@Bcentisdions P65 sodiomn oleate on
250, 300, ..350, 400,,:.450, 500, 550, 600, 650, 700, 750,
“ﬁ)ﬁfco%ﬁ?t'%ef vigeEibigp "T@(ﬂf‘ RYHRION 1 certain

embodi nentigutd® shbAE Geefaid inddr drowtil tulies®ftah@inorelbine
stabilizer s in_a range of 1:1 to 1:10. In certain
eameian meeorling teExampleed imepmpariser wWith i vingrelhige solution

[ A ® s W Lhin.the ra 0 ; TN B
WSRURERE, Sthbe T ' IS8R ol idh b i mice hghBaratted
wWisSisurh B8 bré8NcaRdds (EXRY3 B2 ThPHatn¥Sihd 38k arg/descriB¥ in

or 99% of the drug 1s present in the oil phase of the
Exgmeds: In certain enmbodinents, the drug in the
emul si on conposition is in a concentration range of
about 1 t Figireut slkovsitiienblood Wirgg concenteativpdpriefilet ef at he

VGRB Sryorreiief ol B3 LR dgnb3aitithicfas
irﬂ?a\@lggg(yghe riul8idRtE fhtsAtRAfde déde. pPresent invention

provi conposition for delivering a highly water
sol ubl e, \Fguress slvowe thnbload akug coaséntratiagprofite of a

. vinorelbine emulsion prepared.according to Example 8 in comparison with a

vinorelbine solution (MINNUOBIN® - Example 11), after intravenous injection to
rats.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides compositions for delivering highly
water soluble drugs (including those that are alsc venous toxic and/or weakly
basic). The pharmaceutical compositions are oil-in-water emulsions containing
sub-micron size oil droplets, and comprise triglyceride oil, stabilizers,
emulsifiers, and water. The compositions may optionally comprise
preservatives and/or other inactive ingredients.

The term of "highly water-soluble drugs," as used herein, refers to
a drug (in its freebase or salt form) having solubility in water in excess of 30
mg/ml at room temperature (20-25°C). The solubility of a drug may be
described in a variety of ways. The USP/NF generally expresses the solubility
in terms of the volume of solvent required to dissolve 1 gram of the drug at a
specified temperature (e.g., 1 g aspirin in 300 ml H>O, 5 ml ethanol at 25°C).
Other references may use more subjective terms to describe solubility, such as
those given in the following table from Remington’s Pharmaceutical Sciences,
Mack Publishing Co., Easton, PA, latest edition.
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| yophilized formul ation of a highly water sol uble,

venous toxic and weakly basic drug, wherein the

formul ati on, when hydrated, produces the enul sion

descri bed herein. In certain enbodi ments, when the

. lyophilized formulation is reconstituted in a liquid
medi um ta nrnw de nnrflrlgv the p:\rflr\l es—inerease

ToCT COOoC | ||

size by | ess than one-fold as cohparats bbsplaeti deaied for 1
bef or e | yiépsariptiyateHs I'n anot hef aspect, paiesglumsent

| I"\\IDI"\"‘I SR—58+-07 0 dac

BH-ev-des—a—rethod—for—treatimg——cancel

conprl si ng \ﬂ@kmgmluﬁilerl ng to a patient in need thereof

the conpositions descri bed hereip wherein th rug in
t he conposfigeinsply %g vinca alkalgid (e g, frﬁr el bine

bitartrate). éd']u&grtal n enbodi msnts, the congospti on
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enbodi menSparitdig soluppesi ti on i s adni ni st er ed0-100
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of vimoretbine Tnto an enursion. Figure 3 shoms

average tunor growth curves of a vinorel bi
Therefore, the "highly water-soluble drugs” of th|s invention

include the drugs in the top 3 solubility categories, i.e., “very soluble,” “freely
soluble,” and “soluble.” '

The term of "venous toxic drugs,” as used herein, refers to drugs
which, when intravenously injected in a solution formulation, can cause local
reactions at the injection site that result in vein irritation, pain, tissue necrosis
and/or thrombophlebitis.

The term "weakly basic drugs," as used herein, refers to drugs
having at least one weakly basic functional group.

A “highly water-soluble, venous toxic and weakly basic drug” is
commonly provided in a salt form. Examples of some commercial drugs, which
fall into this category include, but are not limited to, dopamine hydrochloride,
ciprofloxacin lactate, vancomycin hydrochloride, norvancomycin hydrochloride,
doxorubicin'hydrochloride, daunorubicin hydrochloride, vincristine sulfate,
vindestin sulfate, vinblastine sulfate, and vinorelbine bitartrate.

In certain embodiments, the highly water-soluble drugs for use in
this invention are anti-neoplastic agents.

In other embodiments, the highly water-soluble drugs for use in

this invention are vinca alkaloids, and the pharmaceutically acceptable salts
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enmul si on according to Exanple 8 in conparison with a

vi norel bine solution (MNNUOBIN (r) - Exanple 11) and
wa@leoobnoRes sol ution (5%, in mce xenografted weTukonsoR4594

breast cancer (Bcap-37). The treatnent details are

descri bed in Exanple 13. Figure 4 shows the blood drug

concentration profile of a vinorel bine enul sion

prepared according to Exanple 8 after adm nistering

i ht.raven Ly the | 5i.00: r :
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viflchidtine! einBiditinenindksineriepaneelmneord ing to Exanple
8 in conparison with a vinorel bine solution

(M NNUOBI IN(yst furtimrembediments, dhe dighly walgiesRiykle drug for use
.injecti to rats, .DETAI .
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tHep&ofdel i vering highly water soluble drugs (including

those that are al so venous toxic and/or weakly basic).
The phar nEbaunacauticatiyrpossntablessadise as ysethhegginprefers to
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preservatives and/or other inactive ingredients. The
tdxéuity) dfitatibh gallergicaeeposss, @indgheritgscommenssieafevditean,

et e R A S35 AR Yl 19
chemotherapy and prophylaxis of cancers. Among the more common
pharmaceutically acceptable salts of vinca alkaloids are the tartrate, sulfate and
hydrochloride forms. Other acid salts used in the pharmaceutical arts include
adipate, acetate, bromide, mesylate, lactate, succinate, maleate, lactobionate,
aspartate, bénzoate, benzene sulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate, gluconate, glycerophosphate,
heptonate, hexanoate, hydrobromide, hydroiodide, 2-hydroxy ethanesulfonate,
lactate, maleate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pantothenate, pectinate, persulfate, 3-phenylpropionate,
picrate, pivalate, propionate, thiocyanate, tosylate, and undecanoate.

In certain embodiments, the vinorelbine salt is the bitartrate salt
having a chemical name is 3' 4'-didehydro-4'-deoxy- C "-norvincaleukobiastine |
R-(R*, R *)-2,3-dihydroxybutanedioate (1:2)(salt)].

As used herein, the term "oil-in-water emuision" refers to a
colloidal dispersion systems in which liquid oil is dispersed in small droplets (the
discrete phase) in an aqueous medium (the continuous phase), wherein in
excess of 80% of the drug is dissolved and remains in the oil droplets. In
certain embodiments, greater than 85%, 90%, 92%, 94%, 95%, 96%, 97%,
98%, or 99% of the drug is present in the oil phase.
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the volune of solvent required to dissolve 1 gram of

the drug at a specified tenperature (e.g., 1 g aspirin

in 300 M H2O 5 m ethanol at 25C). OQther references

may use nore subjective terns to describe solubility,
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T ol can cause |l ocal reactions at the
therglettveen. site that result invein irritation, pain,

t i/\zgﬁleyne éﬁglecg p%gegé,. eﬁﬁ gg&ﬁg’l}lgr%ﬁtélg% ]dmﬂe{'% ﬁbant oil
dn%ﬁ)’étﬁ% ah oh‘?ﬁ%t?x‘%ﬁm\’}%‘?’é‘ﬂ KatiA§iah dverage @lia'#he’@fr@ﬂlbss/than 1
wat er - so venous toxi c and weakly basic
mtiirrdg asi mea:surmi rbly}cqmwemlmmi smngatemmquetﬂwcmlﬂ@?éggf&f
LS oo Gt ek L kg (3 o9
ﬂ%gB&ﬁE{\Q bt 91% pres @Rl EPRS Ha\L S5h %K/Sragéa@@ﬁfété# f less than

roc norvanconyci n hydrochl ori de,
d@ X480) 00| 85@,)/&100) ohl280i e, Qibdioplaibiof su mey@rtm siizeairg desired

fo\;ltrqg rsla?et ;I);s%azglgf?ﬁgse droplets in the capillary blood vessel in the
circulation. Droplets of greater than 5 micron in diameter are believed to be
unsafe for intravenous injection since they may block the capillary vessel’
resulting in pulmonary embolism. In certain embodiments, the oil droplets of
the compositions of the present invention have an average diameter of less
than 0.2-micron (200 nm) so the emulsion may be sterilized by filtering through
a 0.2 micron sized filter membrane.

In certain embodiments, the oil droplets of the compositions of the
present invention have an average diameter of less than about 150, 100, 75,
50, 25, 20, 15, or 10 nm.

“Triglyceride oil,""as used herein, refers to a triglyceride
composition which is liquid at room temperature (20-25°C), and which
comprises primarily triglycerides of C6 to C18 fatty acids. Triglyceride oil is
used in this invention to form the discrete phase of the emulsion or the oil
droplets in which the drug is encapsulated. The triglyceride oil is thus desired
to be non-toxic, biocompatible, and capable of forming stable droplets of the

desired size and encapsulating the highly water-soluble drugs.
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vindestin sul fate, vinblastine sulfate, and

vinorel bine bitartrate. In certain enbodinents, the
whe@hloy72wat er - sol ubl e drugs for use in this i NRENUSING/024594

are anti-neoplastic agents. In other enbodiments, the

hi ghl y wat er-sol uble drugs for use in this invention

are vinca al kal oi ds, and the pharmaceutically

accept abl e sal tsand derivatives thereof. Vinca

al kal oi d
vi ner |O|st Ismaenﬁkgr)%%rlgghl nug Vﬁmjg s',wr?erh@ﬂ déa\?wg k%% é/cgrol esters of
shgﬂ cm%tm f(@ﬂttBQIG) efearinreRain, (08he 1h), drligngvehain (€dMitb| @18)

use in this invention is vinorel bine, and the
faﬂhacmaﬂumxwleltberwéept abl e salts thereof.

rp 2? Lrgcte s C%@'Yg%%f)g ta %ﬁtr@? e?gnetcﬁlﬁ oLI"T‘r?éjd Hl%r&\eﬁn %‘atty

i'n the scope

a%‘?\n&’étj ty@bgéél BHQ!@%@bonﬁ%*sé@?é@oﬁwﬂfarﬁl?@lyderﬁlqnée@s of C8

t1ssues of hunmans and | ower animals w t hout
toubrtiiattycadids.t Fhese olls aan ba,prapa@dgswth@wwaw@hbn@%

ik i i
ST T R B, SRS R lnes o
thERREPSNSSIGEM: fﬁéﬁoﬁé@dﬂmﬁ Sitabl® hafiRACEisS suéias palrmeil or

nore conmon maceuti cal ly acceptable salts of vinca
caddnalt oilde 3aelel ftautionarichén the desited ovameltinglirighieesdpge An

ol B BB G BB 2E e S BURTBE R G ot
oM 0 S o et s i
(cttdrigit pand eapio(deicanoich apidsr §ucfrm1hlse:ommer0|ally available as
Mol b fram BASBL BakH cariany CBRISHAMOL GTCC-PN from Croda
Inc. of Parsippany, New Jersey, or Neobees M-5 oil from PVO International,
Inc., of Boonton, New Jersey. Other low-melting medium chain oils may also
be used in the present invention.

In certain embodiments, triglyceride cils with a high percentage of
glycerol triesters of unsaturated or polyunsaturated C14 to C18 fatty acids (long
chain fatty acids) may be used. An example of such an oil is soybean oil, which
typically has a fatty acid composition of about 80% oleic and linoleic acids. An
injectable grade of soybean oil is commercially available as Super Refined USP
grade oil from Croda Inc. of Parsippany, New Jersey. Another example of such
an oil is safflower oil. Other low-melting vegetable oils or low-melting fractions
of oils, including cottonseed, menhaden, olive, peanut, corn, sesame and
flaxseed oil, which can be obtained by conventional thermal or solvent
fractionation, may also be used in the present invention. While such
unsaturated or polyunsaturated vegetable oils may offer a cost advantage in
formulating compositions according to this invention, they also exhibit a greater
tendency to oxidative deterioration, and may require the addition of oil soluble

antioxidants, such as tocopherols.
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dodecyl sul fate, ethanesul fonate, fumarate, gl uconate,

gl ycerophosphat e, heptonate, hexanoate, hydrobrom de,
whywsoidé de, 2- hydroxy et hanesul fonate, | act aP@r/US2005/024594

mal eate, nethanesul fonate, 2-naphthal enesul fonate,

ni coti nate, oxal ate, panoate, pantothenate, pectinate,

persul fate, 3-phenyl propionate, picrate, pivalate,

propionate, thiocyanate, tosylate, and undecanoate. In

certain e@PeSQHEF iﬁie ding g\éhgfgl aé?bggnﬁﬁlat rdrngje!dtrom about 2

bitartrat vi'ng

to a%ou@l ud%wﬂﬂh@ﬂhadem%uoﬁ:fommtwumcml wtmrb)leaﬁiddlmehtsR -
-2, 3-di hgdroxybut anedi oat e

: 1
tngyearm@pdumprqswtta aboutdi%, 16 Awatae. %ﬁgr(ﬂ gﬁdﬁ 30r/éf%fr§5%7

o] .S systens in which liquid oil
W?'thlns%'?fg'@gem’ﬂ f’rﬁ%rﬁﬁlﬂgﬁ%ts (the discrete phase) in
5  an aqueous, dgdiin Bhiddiiment! tHewigs cekids @)l consrisaisia i1 weight
excess of 80% of the drug is dissolved and renmains in

ragge;nmgu rechf gpinetlium chaiedriglceriderpodienteng shait siglvseridgan
0 0% . 92% 4% % . 96% 790 9
dru(z; i s (;)Aﬁéjé%if] eﬁ%'f‘h oflefmp UizgEs ﬁg?eégherelé)ﬁ%géﬁents

thta? F%Télrﬁfﬂe@ﬁgmg%&é _sbitiblEdly ih fife Bl drGsIsty &fchrf 6il-ir-Water

lon to In the range of pHof 2 to 6 . In
elcmxisnm.n enbodi nent, the enulsion has a pH of 3 to 5,

pH 3 to 4, or 5.t0 4.0. Jln .certajin enbodi
0 PR30 A SheliiictiS Fi SSBRE SopReS bR
[
SRR FAYES 20 FidE Agertpaiag e pospicte
a'r'ldbvhamlmEczrucﬁslrme dr aphiatureiteneefint  oi |
Exemplary fatty acids include saturated fatty acids, monoenoic
acids and polyenoic acids. The saturated fatty acids include, but are not limited

15 to, those listed in the table below:

Systematic name Common name dShgrtha_nd : Molecular
esignation wit.
butanoic Butyric 4:0 88.1
pentanoic Valeric 5:0 102.1
hexanoic 4 Caproic 6:0 116.1
octanoic Caprylic 8:0 144 .2
nonanoic Pelargonic 9:0 158.2
decanoic Capric 10:0 172.3
dodecanoic Lauric 12:0 200.3
tetradecanoic Myristic 14:0 228.4
hexadecanoic Palmitic 16:0 256.4
heptadecanoic margaric (daturic) 17:0 270.4
octadecanoic Stearic 18:0 284.4
eicosanoic Arachidic 20:0 412.5
docosanoic Behenic 22:0 340.5

11



droplets in an oil-in-water enulsion having an average
di anmeter of less than 1 mcron as neasured by
weowserional sizing techniques such as | aser PEYHS2005/024594
scattering spectronetry. In certain embodinents, the

oi | droplets of the conpositions of the present

i nvention have an average di aneter of |ess than 500,

458, 400, 350, 300, or 250 nm Q| droplets of

sub-m cron size are desired for the s age

{ Igystertaipheme | h t Heomapn hamg bl do ?@;gggﬁoad% “ﬁé‘:ﬁ“'ar
circulation Droblets of greater tha e on— .

‘ﬂé@éﬂ'ﬂsﬁhoﬁre bel Ekﬁgcé@c be unsafe for zmoravenous 368.6

R eectt+on—st+hee llc_y ey btock—the (..dpi i Fary vVesgsel
hesatesangid n pul rrﬁleaw’qc embolism 10 cer?@Pn 396.7

enbodi nents, thelqll dro [ets of the co sitions qf
Hee1a5088BAIE | nveh e an averdge dihleter df Ll

45,3,.09330'? cron Mtém SO the eml si opg:.gry be 424.8

L7 0O
T LCIIIIU LIII uugll (@} L,.L T CT OIT 51

[S]0]
ftrléctc&ﬂammubrane Melissict ai n enbodi nment s30:0he oil| 452.9

'oplets of the npositions of the pregent 1nventi
Ifipidacantanaie age :Ii?—éﬁ%?ré’ic of |ess than a?ﬂzr@r 1501 1

;Egﬁggnta%glc 20, ‘-L%erd?ﬁeﬁsglcp{ﬁsylha' 9' yceggge oil | 5

™ Lllulybclluc bUIIpUDIlI 'l

Vt@tréfmabﬁn’dalnqw d fiGadutien t enper at urg (2034%C), and 509.1

which—conprises prinmarity triglycerfides_ pi. C6 td C
fRAMtgiriaep@anoity  giGAIepk loalic o | i3 usked D35 e 53,1

Invention to formthe discrete phase of the emulsion
'?'Let th ?i 8: 5%!5\% e?;ﬁ(pnc?%wo[lqu?ghtygagcgc‘iis? @%ﬂjdesth‘égéﬂgt%ldl ifttFid table

below:

Systematic name Common name dSh(_)rthapd Molecular
esignation wit.
cis-4-decenoic Obtusilic 10:1(n-6) 170.3
cis-O-decenoic |  Caproleic 10:4(n-1) | 1703
cis-5-lauroleic ~ Lauroleic 12:1(n-7) 198.4
cis-4-dodecenoic , Linderic 12:1(n-8) 198.4
cis-9-tetradecenoic “myristoleic 14:1(n-5) 226.4
cis-5-tetradecenoic "~ Physeteric 14:1(n-9) 226.4
cis-4-tetradecenoic Tsuzuic 14:1(n-10) 226.4
cis-9-hexadecenoic |  palmitoleic 16:1(n-7) 254 .4
cis-6-octadecenoic petroselinic 18:1(n-12) 282.4
cis-9-octadecenoic oleic 18:1(n-9) 2824
cis-11-octadecenoic | vaccenic (asclepic) 18:1(n-7) 2824
cis-9-eicosenoic Gadoleic 20:1(n-11) 310.5
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to be non-toxic, bioconp

ati bl e,

and capabl e of form ng

stabl e droplets of the desired size and encapsul ating
wao b@okié y wat er - sol ubl e drugs. The tri gl ycer i Per/v51005/024594

used in this invention can be glycerol

chain (4 to C6),
(Cl4 to C18) fatty acids
certai n enbodi ments,

medi um chain (C8-C12),

or mxture t

or
her eof .

esters of short
| ong chain
In
triglyceride o0ils of nedium cha

fatty acids may
pr ggstetrtictiame| v
acids. These oil

e used.

can he

cer@dmaresamves (

Such oil

C &R

Molecular
flat t Yy,

prepar ed

c\t%i‘gﬁuannl I W% I 2N

el L7 oy e hni

ques, EIndeid be d

bt apoedn) om

n ai&)ll()aﬂi

faigdtlidovasenoicof

l C\.alllll L‘UCD UI

sui t alfledoleia ur al

t Iltl Ilbl

OI' S0l ve

oi 122:16uth

pa'131ﬁ6

O t—Qor _coconut ol

Jasi1PedPIaSROPIS] ¢ i

nb trlﬁ

el.d fract
VEEr i des

|on

1Amr\

[ h&s38 6

nPI eCN‘éﬂ‘lorY‘@I ght

t ri thﬁrg)de

i 13666

| QBB bBGser R

HIIL

ant
Ilabllull Ul

coconut

or P

T ori

which is rich in mxed esters of caprylic (octanoic)

and capri Exe(rﬁ@lﬁﬂﬁ@d)l?é
Mdlyo

avai | abl e as

beI&BWDAMOL GTCC- PN from Croda I nc.

néieifety aSidehnelutie ittsoseolited i tiel fpble
812 from SASOL GrbH Ger many,

of Parsi ppany

New

Jersey, or Neobees M5 o Oln I

e s oo S| o

g;ggggiaade'&a%% Jments, {riglierid de pi hg:4hte) 3 hiog 4

ey L6t nalgniaci o (BEHG-Bne) n 2784

s edrionion "0 dRomstmBes | 20%0-6)" | a0k
c

5,8,11,14-eicosatetraenoic arachidonic 20:4(n-6) 304.5

7,10,13,16-docosatetraenoic - 22:4(n-6) 332.6

4,7,10,13,16- ‘ - 22:5(n-6) 330.6

docosapentaenoic ..

9.12,15-octadecatrienoic _ 18:3(n-3) | 278.4

6,9,12,15-octadecatetraenoic stearidonic 18:4(n-3) 276.4

8,11,14,17-eicosatetraenoic - 20:4(n-3) 304.5

5,8,11,14,17-eicosapentaenoic EPA 20:5(n-3) 302.5

7,10,13,16,19- DPA 22:5(n-3) 330.6

docosapentaenoic

4,7,10,13,16,19- DHA 22:6(n-3) 328.6

docosahexaenoic

5,8,11-eicosatrienoic Mead acid 20:3(n-9) 306.5

In certain embodiments, the fatty acid used is oleic acid.

The amount of stabilizers in the emulsions of this invention may

be defined by a drug-to-stabilizer charge ratio, which is calculated as:
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typically has a fatty acid conposition of about 80%
oleic and linoleic acids. An injectable grade of

waeoywbesan4®©i | is conmercially avail abl e as SupepPCRESI00E 024594
USP grade oil from Croda Inc. of Parsippany, New
Jersey. Another exanple of such an oil is safflower
oil. Gher |ownelting vegetable oils or [ownelting
fractions of oils, including cottonseed, nenhaden,

olive
cflh B8 e AR AR AR gt
sthifedrl onation, may al so be used in the present

invention. Wile such unsaturated or pol yunsat ur at ed
vegetable oils may offer a cost advant age in

they ar soBrbRn o yREneEs Raflsemlehs SR

stgﬁ? E%H HaRbé Pitio PGBV M @GUE TR Inheerfdnliembudiments, the charge
| e anti oxi dants, such as tocopherol s The

ratioicftlye drigie thiel stakilizrsrie mathiny ther @egatofi1hT i ﬂénéeﬂ i 1:2, or
f1rom f\gout 2 to about 40%in the final enul sion
Tfdenul-dtion. In certain enbodi ments, triglyceride oil

| s presenis gked perdin e téﬂn%mlwﬁerg@%fe%ﬁ%cd%ﬂﬁ@UMS that
35% by weight in the final emulsion formulation,

altoaw thee formatiod iofraratabletdiiéntwatgr povisige vaiareiadhp rqr§%|§t5aare of

1. 1
sqb-mipipResireiang sanian SiihB witelso R BN "Exemplary
erp\%fs%é(]s lﬁaﬁdé %mpoﬁhég’ béleé%cﬁfroﬁweér%sﬁ)hbﬂplﬁbobm salts,

I ngre retain the highly water-sol uble drug
pbllyokyhen@ lsbrbi’ramgfaﬁy aciof eﬁarsoﬁel g., RVWRENS) epelyexysihylene castor

oﬁégg@ﬁggog'gmgkimbgﬁoﬁ) a dr{1ﬁ1eéﬁc’d poI%'}gme‘??e g.,
PLURONIC), and mixtures thereof.

A “stable oil-in-water emulsion” refers to an oil-in-water emulsion
wherein more than 50% of the oil droplets in the emulsion do not increase their
size more than one-fold under apbropriate storage conditions for at least 3
months.. '

In certain embodiments, the emulsion of the present invention is
stable for at least 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 18, 20, 22, or 24 months.

In certain embodiments, the average size of the oil droplets in the
emulsion of the present invention does not increase by about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, 120%, 140%, 160%, 180%, 200%, or
250%.

In further embodiments, phospholipids may be used as
emulsifiers. Phospholipids are available from naturally occurring sources or by
organic synthesis. Lecithin is a naturally occurring mixture of the diglycerides of
stearic, palmitic, and oleic acids, linked to the choline ester of phosphoric acid,
commonly called phosphatidylcholine. Hydrogenated lecithin is the product of

controlied hydrogenation of lecithin.
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15

20

sel ected fromgroups of fatty acids, chol esterol

sul fate, riboflavin-5-phosphate, and vitamn E
weomehrae or a mxture thereof. Exenplary fategr/asi005024594

include saturated fatty acids, nonoenoic acids and

pol yenoi ¢ acids. The saturated fatty acids include,

but are not limted to, those listed in the table

Ib_el ?WdE_xerrpI ary nonoenoic fatty acids include those

isted i : , i thin i

aci ds. i ndredengEe ey Bhf SRR RNRRCRAL B iscthin s 2

noRepropiistagyhadieescsibinghe chattigx mbitdreusieardteneinsiatuble

aci d. The anmount of stabilj ' h | Si
pmﬁpbohm@%mh\lgﬁgﬁﬁglstﬁzp@mlﬁr'klyzcgrpzvlsahé?@d&ﬁ'@ abi | iszer
riaph A EhooitlbgohgsrRtByahRe fl preapASiddostal |
consingd alhl vazeus Beodie whbtiir ssbatzinces sushias triglycerides, fatty

emul sions is within a drug-tostabilizer charge ratio
aqidm@adafarhohydrates: 10. I n certain embodi nents, the

charge rat,i o of : t jld [

t he ranggﬁ%qucfhpga@’g%@%%}%rﬁl?@v o%écpij:é?[ldis {%'Ilig’.nl
emulfyiHg eand Stdillzing Agefiterand’ sratihslubiee irs Intraefiescsilarand

conpounds that allow the formation of a sta

I

inavenousiajestionsaparepterakrutational fRrmeylations gncggczoigﬁl products.

suyb-nm cron.si ze and nt ai Iy < abl e
LGB ech Shueh i IR FER e Nirblighla ey sl e
inpéféﬁbﬁa%ﬂsﬁ#u'seum anBiihavsidus. injeetioies oraineapsaies, t an

atty aci d esters (e.g., TWEENS), pol yoxyethyl ene
suspEneions and tablets, rectal, topical, and vaginal preparations.
‘Phospholipids can also be synthesized and the common synthetic

phospholipids are listed below:

Diacylglycerols

1,2-Dilauroyl-sn-glycerol (DLG)
1,2-Dimyristoyl-sn-glycerol (DMG)
1,2-Dipa|mitoyl-sn—gcherol (DPG)
1 2_Distearoyl-sn-glycerol (DSG)

Phosphatidic Acids

1,2-Dimyristoyl- sn-glycero-3-phosphatidic acid, sodium salt (DMPA,Na)
1,2-Dipalmitoyl- sn-glycero-3-phosphatidic acid, sodium salt (DPPA,Na)
1,2-Distearoyl- sn-glycero-3-phosphatidic acid, sodium salt (DSPA,Na)
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15
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25

oi | derivatives (e.g., CREMOPHOR), al bum n and
pol oxaner (e.g., PLURONIC), and m xtures thereof. A

WO gaoaioi24©i | -i n-water emul sion" refers to an PCT/US2005/024594

oi |l -in-water enul sion wherein nore than 50% of the oi
droplets in the enmul sion do not increase their size
nore than one-fold under appropriate storage
conditions for at least 3 nonths. In certain

Pﬁg§1 bﬂgm the enmul sion of the present invention is
St e tor at least 4, 5, 6, 7, 8, 9, 10, 11, 12, 14,
1{tﬁl:)llalﬁoylégh—gl%eraaﬁofp?]@spbod:mﬁinel(ﬁ)La,DéJ‘i)t ai n enbodi nent s,
e average size of _the oil I th I
e e
C 3 WP 90% 100%
1 238ty SR et s QRS | (O, Hher
1%%M|mmy|%g gltleérnt@bhf)sgllsom?ﬂnnbcwﬁ’?@ as enul sifiers.
S ids are available fro al |
1%@5@5@&%@%@@3&@@%9%@! D@%’ } hi ny| gcgum "
A _ac 1q_ | ycerides of
1?@% % %p% gﬂ%l[a@gaéﬁf}%ﬁé%&am{gﬁsﬁ?nﬁed to the

choline ester of phosphoric acid, commonly called
Phbestdthankibaivgds ne. Hydr ogenat ed lecithin is the
product of controlled St%drogen

112=Bilayronl-ge-abicgrerg-Rhpsnecthn a@é—P@ar nmacopoei a

ith bi
1c#ﬁm‘grkstﬁ>ﬁﬁnu¢'&c%¢° LR e e T b o,
1VDFRIBROYILSH-§lyBeFdTBipHOsphbetbbasintihe (PPEI)! i ne,
1,2-Distearoyl-sn-glycero-3-phosphoethanolamine (DSPE)

Phosphoglycerols

1,2-Dilauroyl-sn-glycero-3-phosphoglycerol, sodium salt (DLPG)

1,2-Dimyristoyl-sn-glycero-3-phosphoglycerol, sodium salt (DMPG)

1,2-Dimyristoyl-sn-glycero-3-phospho- sn-1-glycerol, ammonium salt
(DMP-sn-1-G,NH4)

1,2-Dipalmitoyl- sn-glycero-3-phosphoglycerol, sodium salt (DPPG,Na)

1,2-Distearoyl- sn-glycero-3-phosphoglycerol, sodium salt (DSPG,Na)

1,2-Distearoyl- sn-glycero-3-phospho- sn-1-glycerol, sodium salt
(DSP-sn-1G,Na)

Phosphoserines

1,2-Dipalmitoyl- sn-glycero-3-phospho-L-serine, sodium salt (DPPS,Na)

Mixed Chain Phospholipids

1-Palmitoyl-2-oleoyl- sn-glycero-3-phosphocholine (POPC)

1-Palmitoyl-2-oleoyl- sn-glycero-3-phosphoglycerol, sodium salt (POPG,Na)

1-Palmitoyl-2-oleoyl- sn-glycero-3-phosphoglycerol, ammonium salt
(POPG,NH4)
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phosphot i dyl et hanol am ne, phosphoti dyl seri ne and

phosphoti dylinositol, conbined with various anmounts of
woriven1Rubst ances such as triglycerides, fattyPEDUSN5/024594

and carbohydrates. Pharmaceutically, lecithins are

mai nly used as di spersing, emulsifying, and

stabilizing agents and are included in intramuscul ar

and i ntravenous injections, parenteral nutritiona

Mand topi cal products. Lecithin is also
FDA | nactive Ingredients Guide for use
1Pairitbygl Rlysonsn-glyeeraSystuadphiocholineg (- -lysodols
i njections, oral capsules, nsi tabl et s,
11Sé%@@b’l 21%‘-}5% SarlYeaia- %HBP%@O%&O r(‘gtrf Eg)
Phosphol i pi ds can al so be synthe3|zed and the common

=) r]]é{éat[j)ﬁo gl i pids are listed bel ow
%‘gﬁtﬁh‘%ﬁg—% 2-Di l auroyl -sn-gl ycerol (DLG

NJ(C%rrtEbmwwnsthOWpcﬂyetgylpnegtylco(mm)) MPEG-2000-DPPE
2-Dipalmtoyl -sn

1.2 c@pejr@t%r%wlygﬁr%gﬁ@ h%%@@&amia%p?%ﬂ‘wa‘&a'%m ds
NAGHEY PRl ot st s oishe

1 Qndlgtgag?ggffgymgngqjhcf:kggnge?ahﬁ(l)a;gm\eu sodialit sglbPPA Na)
Ns(&}qrqugpy\quQymﬂJg yiensghss! OOO) Iﬂfg’égl S0t bﬁi’Pl:SOdI um
1,2-dipalmitoyl- sn-glycero-3-phosphoethanolamine, sodium salit
N-(Carbonyl-methoxypolyethyleneglycol 750)- MPEG-750-DSPE
1,2-distearoyl- sn-glycero-3-phosphoethanolamine, sodium salt
N-(Carbonyl-methoxypolyethyleneglycol 2000)- MPEG-2000-DSPE

1,2-distearoyl- sn-glycero-3-phosphoethanolamine, sodium salt

In certain embodiments, the phospholipids in the formulations of
the present invention may be egg or soy lecithin.

The amount of phospholipids, by weight, in the emulsions of the
present invention may be within a range of about 2% to about 15%, such as at
about 5% to about 10%.

As used herein, the term "bile salts" refers to salts of bile acid, i.e.,
steroids having 1-3 hydroxyl groups and a five-carbon atom side chain
terminating in a carboxyl group, which can be conjugated to glycine or taurine.
Bile salts include, but are not limited to, cholate, deoxycholate,
chenodeoxycholate, or ursodeoxycholate, and their glycine or taurine
conjugates, e.g., glycodeoxycholate (GDC), glycocholate (GC), or
taurodeoxycholate (TDC).

As used herein, the term “preservatives” refers to agents that can
prevent microbial growth in the emulsion formulation of this invention. The oil-

in-water emulsions of this invention contain nutrients for microbes and may thus
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17-Di | aur oyl - sn- gl ycer o- S- phosphochol i ne ( DLPC)
17-Di nyri st oyl - sn- gl ycer o- S- phosphochol i ne ( DMPC)
wda 2e0Bl0pakeri t oyl - sn- gl ycer o- S- phosphochol i ne ( DRPIZYS2005/024594
17-Di pal m t oyl - sn- gl ycer o- S- phosphochol i ne ( DPPC)
17- Di st ear oyl - sn-gl ycer o- S- phosphochol i ne ( DSPC)
1n-Di st ear oyl -sn- gl ycer o- S- phosphochol i ne ( DSPC)
Phosphoet hanol ani nes

beladlﬁdcﬂ}ér l%yljnicf?é?bigl YOMR oPcBRRFRAaRSMaTALRTbRE o BleBBIvative
1%-Dinyri stoyl - sn-gl ycer o- S- phosphoet hanol am ne ( DVPE)
m%{i bgd?irﬂbteoily\l the ferghuiation-eSpphiadip fiorea Miates pradust RRE)
inilaﬁu_ggg Eg &?{;\gég éﬁlﬂfi[?lleyd%%reg -W%é?'g ?ﬁ’&’uﬂ 8 &' ph Uan%?l!l 8ot ?hé %?Qopper
by g R e e ey P eg MyBAtion
inﬁlngle,UmliSm‘etnclﬁ[Dhﬁl@)jl tb, sodium edetate (EDTA), sodium metabisulfite,
A-Dinyri stoyl -sn- cer o- S- phospho- -1 -ql I
ssfiwrBIRANZOSES, DorBHRIANOl. RORPRSL, PASARSTIS, CFRSOLATIENOL.

oA ST et AR RO )
plssHyImERBING rHifNade, $orelie, sierroald, sosivic gicid thime Bogath osstitimide,
cﬁciQr_hlexi_d?rhg,ccehrlgrlobu’?a%(il)il,uchIgrglc:;es(oll:,)%%nségl_k%ﬁ%ul\nl?)ch|oride and
benzethonium chloride or a mixture thereof.

The other inactive ingredients used in the emulsion compositions
of this invention may include virtually any component, such as an acid or base
for pH adjustment such as hydrochioric acid and sodium hydroxide, agents fo
adjust the tonicity of the emulsion including sodium chloride, mannitol, sucrose,
dextrose, lactose, polyethylene glycols (PEG) and glycerin or a mixture thereof.

The emulsion formulation of the present invention can be
prepared so that it is ready-to-use or can be prepared with a cryoprotectant(s)
as a lyophilized solid, i.e., “an oil-in-solid dispersion system” that can be
reconstituted at a later date and diluted with water to reform the oil-in-water
emulsion before injection.

As used herein, the term "an oil-in-solid dispersion system" refers
to a solid matrix prepared by freeze-drying (lyophilizing) an oil-in-water
emulsion of this invention and the solid matrix can reform an oil-in-water
emulsion of similar droplet size upon mixing with water (reconstitution). in
certain embodiments, the average droplet size of the reformed emulsion is no
more than about 500%, 300%, or 150% of the average droplet size of the
emulsion before the freeze-drying. An oil-in-solid dispersion system of this
invention may be optionally prepared by spray drying.

“Cryoprotectants” used in the emulsion compositions of the

present invention refers to those ingredients which are added to maintain the
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Phosphoserines 1, 2-Di pal m toyl -
sn- gl ycer o- 3- phospho- L-seri ne, sodiumsalt (DPPS 1Na)
woroed1 @i N Phosphol i pi ds 1- Pal m t oyl - 2- ol eoyPET/US2005/024594
sn- gl ycer o- 3- phosphochol i ne (POPC)
1- Pal m t oyl - 2- ol eoyl - sn-gl ycero- 3- phosphogl ycerol,
sodiumsalt (POPG 1Na) 1-Pal mtoyl-2-ol eoyl -
sn- gl ycer o- 3- phosphogl ycerol, amoni um sal t
d{geq#ie. atddg ubrainpdrod popdets pif dse &rtddion tHayhg 2hé freeze-drying
sn- gl ycer o- 3- phosphochol i ne (P-1yso-PC) ) )
piQasissansl, uppn|the 6em§Malg¢fme@uap§ﬁ§§mm@mw@on, to provide a

- ) e i |_ Samli . .
oK 30 BB, SO0 A S sigpgrson svtem.
MPEG- 2000-GobrotectaftisithbiinagWe used in the emulsion compositions of
sn- gl ycer o- 3- phosphoet hanol am ne, sodi um salt

this (rxgndienynclide neidyase Inpélimjied ie gpglvels, BODOFaccharides,

olSReEnaiies, P Raiss Y oits, peptidennrugieins, and
hk)%% |lm%rg@%,|mw&ﬂlré§‘tﬂbfbéﬂeg| ycol 5000) -

5000- DPPE 1, 2-di pal mi t oyl - _ o
sn- gl ycer &atyqgis thagihoey hansednn the presentimveation include, but are

n%@%ggg&@r&wh%éﬁ)@{%% 0 lrl_cﬂ?%a%ﬁgll, x;zlﬁgp, sorbitol, polyglycitol
of migluyeetHerdofPhosphoet hanol am ne, sodi um sal t

N- ( Car bonyl - met hoxypol yet hyl enegl ycol 2000) -
MPEG- 2000-MisRIBatcharides that 0ydy-be used in this invention include, but

ardndl Hrted 'tc?,'é?ﬂ‘é’c?é%r,‘ ?r?etmhn%ns%[ ?rruné:trc])%’e, Isé%{jljlgsne],sa?llotse, altrose, gulose,
idose, galactose, talose, ribose, arabinose, xylose, lyxose or mixtures thereof.

Disaccharides that may be used in this invention include, but aie
not limited to, sucrose, lactose, maltose, isomaltose, trehalose, cellubiose or
mixtures thereof.

Polysaccharides that may be used in this invention include, but
are not limited to, cellulose, amylose, inulin, chitin, chitosan, amylopectin,
glycogen, pectin, hyaruronic acid.or mixtures thereof.

Amino acids that may be used in this invention include, but are
not limited to, alanine, arginine, asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine or
mixtures thereof.

Peptides that may be used in this invention include, but are not
limited to, diglycine and triglycine.

Proteins that may be used in this invention include, but are not
limited to, albumin, collagen, casein, and gelatin.

Hydrophilic polymers that may be used in this invention include,

but are not limited to, polyethylene glycols povidones, poloxamers, polyvinyl
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In certain enbodi nents, the phospholipids in the

formul ati ons of the present invention nay be egg or
wa@ogoelerRié hi n. The anmount of phosphol i pi ds, byP@EUSIWIS/024594

in the emul sions of the present invention nmay be

within a range of about 2% to about 15% such as at

about 5% to about 10% As used herein, the term"bile"

salts" refers to salts of bile acid, i.e., steroids

ROt ey TR O B3

potyefhyderieedlytolsgnycpoddomed. auri ne. Bil e salts include,
but are n limted to, cholate, deoxychol ate,

c henodeox&gﬁcﬂoﬁpéf‘tféﬁo'h%@éé‘ﬁ?@ﬁtﬁcé@@§ used infbe fiquid

<P ofloc i Rl L oo R R ROV,
shAsh as @thoheb % to, addie 2066 W VRINRISSSMAI0%e 36 abehieT 5%voiw.

agents that can prevent mcrobial growh in the _
emul si on f3sneRlly thmeswlsion formyatian etheesentiinvention can

I LS. Nt ain. nutrients
ek B e ha P B AR BR Bl S o o
growt h or (font Bdsvhid Bz drifefriRfywesidedilp BARASTES)Y anbRY
be desirable in the fornulation, especially for a
vi al etdbjizetstin @ sufficientamaeind of arvwigie sotyenmsuchmseethanol,

yr i MsthieatHloriR, EnBRIBHH SRotpabel isfrodl ey iconol,
for &R o fdHPacleRit doffiopde, but are not limted to,
sodi um edet ate (EDTA), sodium netabisulfite, sodium
benzoat e, (HenzRemowsothel soland o pdbxicplugitadiy sicceptabid residual
IOhenPelv’el by vacuum or by blowing solution with a nitrogen or air stream to
obtain an oil phase.
(3) - Dissolve the preversative(s), cryoprotectant(s), and other
inactive ingredients in water to form an aqueous phase.
(4)  Optionally filter the oil and/or aqueous pﬁase to remove
particles.
(5)  Add the aqueous phase to the oil phase, and mix well to
form a crude oil-in-water emulsion. |
(6)  Adjust pH of the crude emulsion to the desired pH range.
(7)  Pass the crude emulsion through a high pressure
homogenizer, such as a Microfluidizer 110F equipped with an emulsion
interaction chamber by Microfluidics Corp, MA, operating at
approximately 18000 psi pressure for 2 to 10 passages until the
emulsion droplets reaches the desired average size range and the
emulsion is free of droplets of greater than 5 microns in diameter.

(8)  Aseptically pass the emulsion through a sterile 0.2 micron-

rated membrane filter to sterilize the emulsion.
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phenoxyet hanol , phenyl mercuric acetate, phenylnercuric

borate, phenylnercuric nitrate, sorbate, benzoate,
w@orobioc72aci d t hi merosal, cetrim de, chl or hexi dPEBDS2005/024594

chl or obut anol , chl orocresol, benzal koni um chl ori de and

benzet honi um chl oride or a m xture thereof. The other

i nactive ingredients used in the enul sion conpositions

of this invention may include virtuaIIy any conponent,

such as aci : r SérP:d? :

hydr ochl 3?? Cc %e@ﬁg%@ﬁ@gg\%uﬂl&}:ledr oXl Bﬁq@té’e tso?@ate sterile

adj ushtdiherstamd sadl yh@bonmwaﬁwlm appropdhtedsteglesstdppens.
chloride, mannitol, sucrose, dextrose, | actose

pol yet hyl(@Rk ¢Puticsiady the=emulsiany masehe ffeszezdrwﬂ@d%n the

ther o} Sgg{ mul ati on of the present

i nve It BOSOTQ L-%};,%& ie%(r} so that it is ready-to-use

or can be1py efRérRsimhétestaly 1es Ohelké Analehubstoror the oil-in-
| yophilized solid, i.e., "an oil-in-solid dispersion

systsoh disparsioasybtemeconstituted at a later date and

070t e D R R TR Akt SRt

arPhhimidl s Abbd tEreBEVIE VaRioBY FH 1S, S8EIRaS irttavendobki d
matrix prepared by freeze-drying (lyophilizing) an

inpamuisaukantinira-@ntiguan integ-petifoncah we oraladnainist l@nsol i d

matrix c efor an o vvaer

ropl ot < ABUERERL fvertion AP adies TpEiet a8t vabFuns”
cdrfip&ifidrd e SiMDREIHERES FArMRstaMBE 298 &é@@rﬁtﬂhvéﬁt?cﬁ‘\ ovides

t he reformed enulsion is no nore than about 5009
méthids for trésiltg cdnaendhaiveomapriseladmirdstesing éoafpatlwt in need
thereof compositions that comprise highly water soluble anti-neoplastic drugs
(e.g., vinorelbine bitartrate).

The following examples are intended to illustrate the invention

without limiting the practice thereof.
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ermul si on before the freeze-drying. An oil-in-solid
di spersion systemof this invention may be optionally

w@e@patede by spray drying. "Cryoprotectants" uBEHUS2005/024594

t he emul sion conpositions of the present invention
refers to those ingredients which are added to

mai ntai n thedi screte and subm cron droplets of the
emul sion during the freeze-drying process and, upon
the renoval of aqueous mrﬁ“pﬁEﬁ he emul sion, to
provide a solid matrix f oplets to formthe an
oil-in-solid dispersion system Cryoprotectants that

may be used in the errulaﬁ co 03|t|ons of this
i nvention include, but & Tnited to, pol yol s,

aci dspenP ’L@E?R%#%’?%?’E?‘“ﬂ%ﬁ%%ﬁﬁﬁ@ At

or m xtures thereof. Poléls that may be used in the
present iFWéﬁW@hWﬁﬁéCP determing ther r@ngetof|igHhin whichg/inorelbine

ISsor% tF\e poly b)c/ib:? U¥IBH£ g?gr@#n‘ﬁlhéc?@c%n){%ltloBQWere

paasPSCHA. 98 3.058. 9&&7 obeamhss@m m sbliem iphvsphatebuffers,
i ncl ude, but are not limted to, f%ucose mannose,
y

and atpld <601 aadtfimbgbsocauwtaf@m ®, gul ose, idose,

| act b
or it ar B8 PR B VAP e RN AR Frud Yol L KRR,
aﬁé]yﬁed BY SIHLIC fori Vidrefithe @éﬁce?ﬁl%tlﬁﬁb ét'vﬁhb@@'tlﬁfé points. The
sucrose, |actose, maltose, isonaltose, trehalose,

re@everumfomorefblmﬁ verthe mlhek@zﬁcennanyea@cpmwmg the stability of

ViHB,%|§}ne in each nbu%fh} R s'hr(])\\fvennltnl'loarble qCLHwe pH range in which

vinorelbine is most stable was defined based on the maximum recovery.

Table 1
PH STABILITY STUDY OF VINORELBINE AT 97.0 uG/ML AT 40°C/75%
RELATIVE HUMIDITY (RH) -% RECOVERY OVER 0 DAY TIME POINT

Time point pH pH pH pH pH pH pH
(day) 1.95 3.04 4.01 5.01 5.98 7.01 8.04

3 97.9 99.9 98.2 97.5 97.9 96.1 92.1

7 97.3 99.7 | 100.4 98.6 | 105.0 94.8 88.0

14 90.2 98.1 97.0 97.6 96.9 914 85.1

Conclusion: vinorelbine appeared most stable at pH between 3
and 5, this acidic pH range was thus chosen for the emulsion formulations used

in the other examples.
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are not limted to, cellulose, anylose, inulin,
chitin, chitosan, anylopectin, glycogen, pectin,
why@etamé ¢ aci d or m xtures thereof. Am no acPdBUSIva$/024594
may be used in this invention include, but are not
limted to, alanine, arginine, asparagine, aspartic
acid, cysteine, glutamne, glutamc acid, glycine,
hi sti di ne, isoleucine, |eucine, |ysine, nethionine,
phenyl al ani ne, proline, sekj 4 hreoni ne, tryptophan,
tyrosine, valine or mxtures thereof. Peptides that
may be EmedTior $TRABRIZERSON VIROREIBNEINEORPORATION INTDO
limted to, diglycine and triglycine. Proteins that
may be used in thiTSECQHVEMS $MEMHH%ONbut are not

limted to, albumn, collagen, casein, and gelatin.

Hydr ophi |B§cém;leyc5f&h§ hidtasolmeitydst m\@deibmetlhlvsater its
i nvention include, but are not limted t

lnwppéqtmn @@ngnmlmllspw \u@ﬁgyndp'mrwy\ahekgother words, without

a B NEeP SN AP Bists PSR R IF e Rgurlf ATBRs-
gl ycol s argk pam dé,@rtﬂ'&husﬂf@dmag wuéﬁérnmme tHe &f6ct of selected

cryoprotectants used in the liquid enulsion
stabuhmf@ an winerethipetiecormortaionriaivgbe sl piiaset of zm emulsgiorut Since

veﬂwe H\Vg lﬁi&u\fvga a\%ﬁ V\# tséna &tegllqaé)r% %rﬁ%(s) éh,ﬁ({eévn%ch %tht%l'ilpophﬂlc
PRBETY] RAabiL % EBROSGRUTDAA At BLaneRy
nlioflwm -§ehosphateugpdiumi afidycieésferadisuifaterers évalugtell, Each
stggi?lzer contains an acid group head and a lipophilic tail, and is generally
considered appropriate for injection. '

Emulsions used for this study contained 1.4% (w/w) vinorelbine
bitartrate, 10% (w/w) soybean oil, 1.2% (w/w) soy lecithin (Phospholipon® 90G
by PHOSPHOLIPID GmbH), 0.005% (w/w) disodium EDTA, and 2.25% (w/w)
glycerol. The concentration of each stabilizer added into formulation is: 1.57%
(w/w) for sodium oleate, 2.73% (w/w) for vitamin E succinate, 2.46% (w/w) for
riboflavin-5-phésphate sodium and 2.52% (w/w) for cholesterol sulfate. A
formulation without any stabilizer (“control”) and a formulation with extra
'Phospholipon 90G were also evaluated in the study.

The drug incorporation into the oil phase was tested using a
dialysis method developed specifically for this purpose. This method involved
filling 500 mg of an emulsion into a Slide-A-Lyzer dialysis cassette with 10,000
MW cutoffs, placing the cassette in 70 mL phosphate buffered saline (PBS), pH
7.4 and shaking the solution on a platform shaker at 100 RPM. A small volume
(1 mL) of PBS was removed at each time point and analyzed by HPLC for
vinorelbine concentration. The time profiles of vinorelbine concentration in PBS

are shown in Figure 1. The stabilizer that provided a high incorporation and
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stabilizer(s) in a sufficient amount of a volatile
sol vent, such as ethanol, nethylene chloride,

w@kioenoR2a¢ m i sopropanol, methanol, tert-butyl BETURN;/024594
etc. to forma clear solution, (2) Renove the sol vent
to a toxicologically acceptable residual |evel by
vacuum or by blowi ng solution with a nitrogen or air
streamto obtain an oil phase. (3) Dissolve the

smgngl)/rﬁt?ﬁ‘@tn%ﬁ/oeé&ble M%%PP%HI&QM@?Q selaBRddd'ele pratsitdd e

_ S Tn water to forman aqueous phase. (4)
staBRtzEPRRIthey efidisien fornsulatibnsanskdin aiheesxamplesse t o

renove ticles. (5) Add i
bhase.  aGenaksions  The soIPBin SIoRIARS TP AETE i arain”
. e S| an. i t i
rgERl et BLaiba? hbrblia-criggonmibal Sautiod 1ohe
virdribiR RirReAtEBoMMTPBS e, the utbplats areNncapdbleaiofpaesing

1O dwith on -
thiimiysis oemtranesius, tolher per Stamnds cdsngle sanir ofate

8000Q psi essur.e for '
angrinode i SPBRRELS Arente {4 80 YRETRAR CRoUNG sabfiers.
range and the emulsion is free of droplets of greater

than 5 mcrons in dianmeter. (8) Asepticall ass the
emul si on through a steriﬁ)%\w.gb?frﬁ cronr at edy P

EFFECT OF CONCENTRATION OF SODIUM OLEATE ON THE
INCORPORATION OF VINORELBINE INTO EMULSION

Having determined sodium oleate being a strong stabilizer,
emulsions of the same composition as in Example 2 were prepared with sodium
oleate at 1..57% (wiw), 1.18% (wiwy), 0.78% (w/w) or 0.39% (w/w), which
correspond to a vinorelbine-to-oleate molar ratio of 1:4, 1:3, 1:2 or 11,0ra
charge ratio of 1:1, 1:0.75, 1:0.5 or 1:0.25, respectively. A dialysis test was
performed under the same conditions as described in Example 2, and eight
time points were taken for twenty-eight hours. PBS samples were analyzed by
HPLC for vinorelbine concentration in phosphate buffered saline at each time
point. The result is shown in Figure 2. The optimal concentration of sodium
oleate was determined based on the incorporation result and emulsion stability.

Conclusion: Sodium oleate added at a vinorelbine-to-oleate molar
ratio of 1:4 (charge ratio of 1:1) almost completely stopped the partition of

vinorelbine into the aqueous phase.

EXAMPLE 4

STABILITY OF VINORELBINE IN EMULSIONS AT A NEUTRAL PH

Having determined the preferred stabilizer and stabilizer

concentration, a preliminary emulsion was prepared and tested for short-term
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menbrane filter to sterilize the enmul sion. (9)
Aseptically fill the filtered enmulsion into
wappsopRi@t e sterile containers and seal the cPCI/EBIVEF/624594
with appropriate sterile stoppers. (10) Optionally the
enul sions may be freeze-dried to formthe oil-in-solid
di spersion system (11) Perform necessary tests on the
final errul sion or the oil-insolid dispersion system
staff]fy. CHTRIRROO0S! s 138y RiASRIUetbmipRIthepasaibilly of a pH

fo an aninal 1 n need thereof via various
netlitealepsulsipndases omvinanedrioastabilityr drngsempigion prepared

intra-articul ar, i ntrq peritoneal, or oral
containiedi teefallowing CPMPISHient i nvention al so provi des

met hods for using the conpositions described herein.

For 1 nstance, tl“eo/p(\,@, nt invention prow des net hods
for t r%%ﬁﬁ%w g ATSteT

I 11
Virdpélb@elbitaftafted |t her3sef caxupasentitort§ nngymlL woamﬂ:l@%freebase)

hi-ghty water_sofjubl € _anti neoplastic drugs (e.qg.,
Soyherr @il bi ne bi tartrépeﬁ The following e

So&ljﬁéc‘?tﬂﬂ'ned to |IIustr?t the invention without limting

Dr ’_'Ir‘fl ce + h rFeo I:V/\l\nl O EN/AR

thefreof B XAMPEES EXAVMPLE T PH-STABICI TY

Dumtam OFVI NCREIOm(IﬂE I N SELECTED PH BUFFERS Thi s
d.r@tjuﬂg was to detlerm ne the range of pH in which

viToretbine 1 s nost 2 abl'e. Vinorel bi ne sol utions at
Glyeerel mo/ ni_conceht rafPons were

Sodium oleate 1.57
Water QS to 100
pH 7.4

Both physical and chemical stability of the emulsion were tested in
this experiment. The physical stability was examined by measuring the
average droplet size using laser light scattering spectrometry (Malvern
zetasizer 3000) and by observing the gross and microscopic appearance of the
emulsion. The chemical stability is represented by the vinorelbine stability and

was examined by HPLC analysis.

Table 2
CHEMICAL STABILITY OF THE EMULSION AT PH 7.4

Time point (day) Storage condition % Drug recovered over time 0
7 -20°C 100.3
25°C 92.4
40°C 90.9
18 -20°C 98.8
25°C 93.0
40°C 89.6
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prepared at pH 1.95, 3.05, 5.98, 7.01 and 8.04 in

sodi um phosphat e buffers,
waombomacet at e buffers.

and at pH 4.01 and 5.01 in
The buffered venor el bPEEBUS2005/024594

solutions were stored at 400C and anal yzed by HPLC for

vi nor el bi ne concentrations at various tinme points.

recovery of vinorelbine over the initial

concentrati on,

representing the

stability of

The

vinorel bine in each buffefable 3hown in Table 1. The pH

range in vvhpﬁp l

based on the

T

STABI|_LI TYSTUDY OF VI NORELBI NE AT 97.0 mG ML AT 40 rg%‘;/com
TR ATI HUM DI TY (RH) -% RECO\/ERY 0, DAY! TI
B NT W@QGSl on: Mppesheene ap %0‘5 FP?@IP raplgts by
(@) bet e and 5, this acidic ﬂ%ﬂéﬁ*@é R hl!wCFO,SCOP'C
chosen for the enulsion fornul alions used in thexamiation
ampl es. EXA FECT OF ST
vp RFL BL NE IN%l,EﬂédﬁAﬂ ON | NTQ [T %%ﬁ%spmqp oENERE
EI’p’UL5>I e @ecadse of the high so 1?'989'7&368@ 5ve10r|e|lah'yne
iﬁ VVcI.CI y Ij.b A C ot pUTd.I.I Ot I T 1ot IIU.I TJI—I IAST  WAS
found mi&Cral .| Not wiifosn, somes, W 788d1.3 st ab | i Meng
venorel bi ne i s meeig'&ate pri mari | y in the aqueo Us phase.
The pur e of was tp,determ ne the ejfect
of sel e&q st dﬁhtllfrﬂ '§' AME;i norégg ncorpbra PBRA
i ntolthe oil pHY¥SePEAan emul si bn. Since
40°C Not uniform, some 189.2+2.2 None
precipitate
18 -20°C Phase separation 2695.5+2056.5 Many
5°C Not uniform, some 179.9+0.4 Some
precipitate
25°C Uniform 185.1+£2.8 Many
40°C Uniform 196.0+0.6 Many

Conclusion: Vinorelbine emulsion at pH 7.4 is not stable both

physically and chemically.

EXAMPLE 5
EFFECT OF EMULSION PH ON EMULSION UNIFORMITY AND DROPLET SIZE

After the pH-neutral emulsion (Example 4) failed to show

satisfactory chemical stability, this study was performed to examine stability of

emulsions at various pH (Example 1).

In addition, medium chain triglyceride (MCT) was added to
replace 50% of the soybean oil. A brand product of MCT (Miglyol ®812 by

Sasol) was used. The addition of MCT was to improve the emulsion stability

and reduce the droplet size. The combination of soybean oil and MCT at 1:1
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venorel bine is a weak base, a stabilizer is preferred
to be an acid with lipophilic property. Four
wae@blli2zers incl uding sodi um ol eate, vitan n BCT/US2005/024594
succi nate, riboflavin-5-phosphate sodi um and
chol esterol sulfate were evaluated. Each stabilizer
contains an acid group head and a lipophilic tail, and
is generally considered appropriate for injection.
ra’c'%:nP'r%lsS b?%ﬁ ugéﬁﬂw L Junibror sy Wé*b’elﬁg&icﬁ pedutt 4fd (wisryvas
VI nor e Itartrate, 10% (ww) soybean oil, 1.2%

cohgilialedsascepeab it lisra ¢dtnies olen e. 90G b
0PHOSPHQI PIpD GnbH) , ¢ 24 mp . 4

% di, sodi EDTA, d
2. 25% (Wi QjW'élé’rnchrmﬁ*ﬁg : &Q&Q‘W?%tl onug:‘ each o

stabilizer added into formulation is: 1. 57% (ww for

CaRsl oleate, 2.73% (ww) for vitam ,
%%\M/ \A)\ for i han(_gr\JﬁN.)n 5-—5h I am n E’/O’SJ(.W\Q) natle,

o
ISAL ulunlcu.c SOuUT urrt artu

Ve%oﬁqg{m@w/vv) for cholesterol sulfate. Alforindf ation

—wthout—any—stabitizer (“tontrol ™) and [a T.or nul ation
SaybeBneit ra Phosphol i pon 90G were al so eval5uat ed in the

S Jhe drug incorporation into the poil hasevva
Mlgwgfé;]z Q| nﬂ a dial \IQI (N rref hnrl f‘lﬂ\l!‘\l a 5 p >

nold cneaed

OPoTu opcul fl \..cu I y

S{)Plbcitl’ﬂhs pur pose. This method invol ved i I1I2ng 500 ngy

of—af—emut-stom i nto—a Stide-A-Lyzer di al assette
DisodinmLBPJ@divdiEie of f s, pl aci ng t he casset é0§n 70 m

hosphate buffered saline (PBS), pH 7.4
G@ﬁ%og ( ), P a@d2§hak| ng

olution on a platformshaker—at—16 I

|\r|v1 I'\ Dllal I

Syl Hf'@eétel rrL) of PBS was removed at each t.5%e poi nt

analar

aft—anal-yzed—by HPECfor—vinoretbine conc ration.
Dé&ioaizedrveater of i | es of vi norel bi ne concen rgﬁon in PBS

5 pH of the emulsions was adjusted to 7.03, 5.97, 4.97, 4.52, 3.95
and 3.74 using 0.5N HCI. The physical stability of these emulsions was
examined and their appearance is summarized in Table 4. An emulsion with

the most uniform in appearance and smallest and most stable droplet size was

selected.
10 Table 4
PHYSICAL APPEARANCE OF EMULSIONS AT VARIOUS PH
emufsion | Fiterablty tuoug 02 | MO Spel | Appearance
7.03 Easy 169.8+2.8 Uniform
5.97 Didn’t go through 0.2pm NA Not uniform
4.97 Easy 420.4+8.3 Not uniform
4.52 Easy 471.9£30.9 Not uniform
3.95 Easy 220.0+1.0 Not uniform
374 |Easy 191.141.6 Uniform

Conclusion: Vinorelbine emulsions of uniform appearance and

small droplet size (<200 nm) were only possible at pH 7.0 or pH 3.7.
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are shown in Figure 1. The stabilizer that provided a

hi gh i ncorporation andsmall, uniform and stable
werwbs1ame dr opl et s was sel ected as the preferredl/UsS2005/024594

stabilizer for the enul sion fornulations used in other

exanpl es. Concl usion: The selected sterilizers were

able to maintain vinorelbine in the oil droplets as

denonstrated by significant reduction in the

vi norel bi ne concentrati gyA since the droplets

are incapabl e of passing th,glpg‘l gﬁaysi s menbrane due to

their size. Vitam mHE3SuBUIsIde STARIOMIM ol eate and

ri bofl avi n-5-phosphate appeared to be the nost

effectiv I

ConCENTRAT ARG SRR F & R E B\ PTAEE T KRRl Biyagused
toVh DIDRELBE INEy$|bﬁ’ICmﬁ\/hlh§hfa§I blabilitg ofltHees miulsish. STHE @Fﬁulsnon

| eat e bein t t abi | I f th
w5 ol eSS WaEhplcEoD ahept Gr S5 00 PTG, Up to

'%@8“5%@ TR g

vi nor el bi ne-to-ol eate nol ar

Adrdted

corres

ggioﬁ?’aéw 0. 78% (W W)

ratio of 1:4, 1:3, 1:2 or

1:1, or a charge ratio offablel5, 1:0.75, 1:0.5 or
1: 0. 25, res r f or med
under t he sgﬁngéé%%ﬁ%@ﬁw%%ﬁéeé rﬁ‘ifms nmple 2,

|ght tine points weré taken for tvventy el ght
$. Siidages aAS Dveipietan zed b for
p(gq ejdnun@nc DERENStEALHA) | | Aﬁy ¥F%1t [r9509iF ARpgaTance
y)e ch tinme point. The r =su|t |s shagwn in Figure 2.
Fhe opt co thation . ium gl e _was
det er 2 bas %?B' a]Le [ %’l‘%@ﬂati on l?@i(ﬂrm and
emul $ion qt abjlity No > 5 micron droplets
25°C 115.2+0.7 Uniform Uniform,
No = 5 micron droplets
40°C 123.64£8.5 Uniform Uniform,
Some = 5 micron droplets
14 -20 149.0+0.3 Uniform Uniform,
Some > 5 micron droplets
25°C 112.84+1.3 Uniform Uniform,
No > 5 micron droplets
40°C 145.2+2.6 Uniform Uniform,
Some = 5 micron droplets
28 -20°C NA Not uniform | NA
25°C 115.325.3 Uniform Uniform,
No > 5 micron droplets
40°C 113.2£2.4 Uniform Uniform, some small
particles
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Concl usi on:

Sodi um ol eat e added at a
vi nor el bi ne-to-ol eate nol ar

ratio of 1:4 (charge ratio

w@boodn1R4@l nost conpletely stopped the partitiPCT/082005/024594
vi norel bine into the aqueous phase.
STABI LI TYOF VI NORELBI NE | N EMULSI ONS AT A NEUTRAL PH

Havi ng determ ned the preferred stabilizer
concentration,

st abi

pur pose of t

lizer

EXAVPLE 4

and

a prelimnary emrul sion was
prepared and tested for sh‘Dakbletaermst ability. The

i e G ] PSR

of a pH neut
tability. The drepar ed cohtai ne e
E"("&tb Jme@agemaogénﬂr‘%bg‘;Bot‘{zir@hﬂbi@ and Sﬂé?né 7-1.25
i lddngditiin 1 héCEMNASY o vy teq,i,n thi .
(d2¥et i ment. The phi8) cal |st abi i?l?/ élwzﬁfﬁ#@ed b"@lmpurlty#Z
suri e|average drgpl et Usi n ser |ight
_EI ert hg—spect rgngl_r_y_QEzal \L% n_zet asij g%bg’ﬂ)ﬂﬂ and 0.92
by oaserzamg 1he wpss and mgag@scoal c appear ance of 164
the—enutsi o The chemcat—stabi ity s represented b
t he ino’-’rQspo' ne st¥Blity and90ds e<am nkdlby HPLC T.14
grgfal s%\ Tabl e 2 CHEM CAL STABI.LI TYOF 'I':'(l&—lg EMULSI ON 68
7 q PHYS| CAL STABI | OF_THE fsLoNlAT P
7.4 ,onczem.j on: yi@rpnel bi|ne egg_!5si on at @B97.4 iis notp g7
stableboth—physicattyand chemcatiy:
40°C 98.2 97.8 0.91 1.06
28 -20°C 97.8 0.91 1.78
25°C 98.5 98.1 1.03 0.79
40°C 95.7 96.6 1.92 1.99

Conclusion: The pH 3.7 vinorelbine emulsion appeared physically

and chemically stable at 25°C.

EXAMPLE 7
DILUTION STuDY

This study was performed to determine the method by which the

emulsion should be diluted for intravenous administration. Since the preferable

emulsion is acidic, a neutralization and/or dilution step was tested for purpose

of intravenous infusion.

The pH 3.7 liquid emulsion was diluted to 5.0 mg/mL vinorelbine

freebase with 53 mM arginine freebase or 50 mM sodium hydroxide at a 1:1

volume ratio. The pH of the diluted/neutralized emulsion was 7.08 with 53 mM

arginine and was 7.29 with 50 mM sodium hydroxide. The emulsions were

further diluted to 0.5 mg/mL and 2 mg/mL vinorelbine freebase with 5%

dextrose solution (D5W) for droplets stability monitoring at room temperature.
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EXAVMPLE 5 EFFECT OF EMULSI ON PH ON EMULSI ON UNI FORM TY
AND DROPLET SI ZE After the pH neutral enul sion

w@ Evanpi2es 4) failed to show satisfactory chem Pel/US2005/024594
stability, this study was perforned to exam ne

stability of emulsions at various pH (Exanple 1).
addi ti on,

repl ace 50% of the soybean oil.

(M gl yol Ehgﬂ%r@u@; %I‘@? e'r‘r?lﬂgloBWéas{ 3@[?(

MCT was I'sion s

tol

rove

A brand product

&

In

medi um chain triglyceride (MCT) was added to

of MCT

i 85w or

reduce

ladta@ddmyér et(LR) frgectidrewitiooit engmlmooéo@oyblemomdb snd

MCT at 1:1rati o has been used in a nunber

of IV

f at

negiralizng @gsnbde@amaﬂus dihied paigions Wese eyaletepiasirepigts

ol OB R e SR AN S ARG anc o

5.97, 4.97, 4.52, 3. 95 anqta&em using 0.5N HCI. The
physi c stabi | i t¥ ese emul si ons was examined and
t heir AHBBOPIET, %M‘?‘P’% NEUTRALZAG @Y AND D TION
51 0n T rmip appe nce
Sa@%\ﬂ W"ﬂ? o "Lg?‘imtgrﬂﬁvgﬁ? et s'pHe p’@@?e{f_\ve(nm) at
bl ¢ 4a9ﬂIWS| CAL _APPERSRNCE OF EMULSI O e\pARI Qug’ pRpr
ncl : Vigarel bi ne enul si ong
Méggpe ang--stal—dr-oplet— si{us'gfs 215(8?*'9"; € 1u8|:I 4£32.0
@assi Ne®Hat pl2.B. 0 or pH 3. 7. EXAMPL/B 6)138.9+18.5 |120.6£3.5
#3 |Arginine |05 7.36 [136.8£5.9 [212.646.6
#4 | Arginine 2.0 7.29 1138.9£18.4 [130.8+10.0
#5 |NA Diluted with LR to 0.5 5.05 (151.1x10.8 {265.5+21.0
#6 |NA Diluted with LR to 2.0 468 [136.7+1.2 [179.2426.7
#7 |NA Diluted with D5W to 0.5 | 4.11 [124.3+2.2 |188.8+0.9
#3 | NA Diluted with D5Wto 2.0 | 3.73 [185.4£14.1 [147.4+10.3
Table 8
EMULSION APPEARANCE UPON NEUTRALIZATION AND DILUTION
Sample‘ Neutralize D"[l)‘;?;\j, n’)‘th oH Microscope check Microscope
ID agent (mg/ml) at time 0 check at 7 hour
#1 NaOH 0.5 8.05 Some = 5 micron | Some > 5 micron
droplets droplets
#2 NaOH 20 7.70 Some > 5 micron |Some > 5 micron
droplets droplets
#3 Arginine 0.5 7.36 Some > 5 micron | Some > 5 micron
droplets droplets
#4 Arginine 2.0 7.29 Some > 5 micron | Some > 5 micron
droplets droplets
#5 NA Diluted with |5.05 No > 5 micron Some > 5 micron
LR to 0.5 droplets droplets
#6 NA Diluted with |4.68 Some > 5 micron | Some = 5 micron
LR to0 2.0 droplets droplets
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PH 3.7 EMIULSI ON STABILITY A portion of the pH 3.7
enmul sion prepared in Exanple 5 was used to nonitor the
w@bysiocale and chem cal stability of the enul sipPer/UI10e5/024594
ermul sion was aliquoted into 2 m. glass vial and
stored at -20 0C, 25C and 400C. Up to 4-week stability
results were generated (Tables 5 and 6). Table 5
HYSI CAL STARIIITY OF THE PH 3. 74 EMILSI ONTable 6

Concl \ . Theppiied. withv| nor el bi ne enul si on appear ed
?c@‘qu a rm%\,qgl |y %abl Migrosgapgcsheek AvPiMicroscope

Df UT| C]\PQ??’UDY Thirgrahudy was per f Gt#EE® Qo det ehesknat 7 hour
the—rethod—b ef—the i'T‘u'Tm A—sheut-a—be—diuted—for

i #7r ayBAous adrRihited withi ph11 Si nNe >t Himigorf er ddoe> 5 micron
enmul sion is ac)p\W tod.meut ral i zadoptets and/ or Cldl'dﬂlétgn

[l

S testeg.tor pPo of | I ntravenous | fusiomn:
T#gpplbﬁg‘. 7 i qut! Red it ioﬁ WPz BUCTPR 5. ON‘Pg? fimicron
_vinarélbine frep¥de4Pth 53 \ﬁ"é’P!ﬁ %ine freeBEapets

50 mM sodi um hydroxide at a 1:1 volune ratio. The pH

f the di t j |_sii 7. 08

o ar gi ni Re GRaCRad T b8 %7 FSeTbR dB3isln R Eaps may
bd bgutedwiti DYV pROELS iMtrabehiowd inflisggh.to 0.5 ng/ L and 2

ng/ mL vi norel bine freebase with 5%

EXAMPLE 8
5 PREPARATION OF VINORELBINE EMULSION FOR STABILITY, VEIN IRRITATION
AND ACUTE ToXiICITY STUDY

In this example, an emulsion with the following composition was

produced:
Component % (w/w)
Vinorelbine bitartrate 1.4
Miglyol 812 N 15
Soy lecithin 7.5
Disodium EDTA dihydrate 0.005
Oleic acid 1.5
Sucrose 15
Deionized water to QS 100
HCI to adjust pH to 3.5+/-0.2
10
The batch size was 108 mL. The following describes the method
of preparation:
A. An oll phase was prepared by dissolving vinorelbine
tartrate, Miglyol 812N, Soy lecithin, and oleic acid in a sufficient quantity
15 of dehydrated ethanol to form a clear solution. The ethanol was removed
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15

dextrose solution (D5W for droplets stability
nmonitoring at roomtenperature.|In another study, the

W@R008/0772¢61ul si on was diluted with D5W or | act ap@rusS2005/024594

ringer's (LR) injection wthout arginine or sodium
hydr oxi de as neutralizing agent. Again, the diluted
enmul sions were evaluated for droplets stability. The
stability results of diluted enmul sion are shown in

B e A T e don o

APPEARANCE UPON NEUTRALI ZATI ONAND DI LUTI ONConcl u3| on
The pH 3.7 vinorel bi ne emul si on of Exa

diluted vdth BEVARHERS @@S%Wﬁ&@é?%@dr@r&wwng sucrose

stas ool RPN BT Tvstioy 10

this exanpl e, T 6iahé aqevus bhék& fveré nvikasrgtogether using a
conposi tion was produce The batch size was

The Sibyersan h@nagg@lzeb@\éowé-%l? mbtb 3 b?@@aata’i 9%%1 0400

as i norel bi ne
tar ?‘?‘I’P"Z%rﬁ%ﬁ@%f‘ﬁé‘i‘%% Sg%mﬁgdcrla Yﬁkﬂ&oﬁ oleic acid
in a suffpci entheapBrrithis @ﬁd@@mnahmseadjamb ftcam 305 osing
a clear solution. The ethanol was renovedusing a

Rot alfdpt¥l. (BUCH R-1 14) to a residual ethanol
concentr aé.l on ﬂ'fne crud)e emulsion was homogenized for six passes in the

Microfluidizer Model 110S.

F. In a laminar flow hood, the emuision was filtered through a

0.45um filter and then a 0.2pm sterile filter (Sartorius, MiniSart).
G. The filtered emulsion was dispensed in 5 mL aliquots into 5
mL pre-sterilized glass vials. These vials were sealed with pre-sterilized

rubber stoppers.

EXAMPLE 9
STABILITY OF VINORELBINE EMULSION

The chemical stability of vinorelbine in the emulsion prepared in

20 Example 8 was studied using reverse-phase HPLC method. This method

allows determination of concentration and purity of vinorelbine in the emulsion.

The vinorelbine chemical stability data of the emulsion are shown in the table

below:
Chemical stability
Time Storage Conc. o 0 .
point Condition (ug/mL) % Recovery % Purity
0 NA 14.0 100.0 98.5
WKk 1 . -=20°C 14.4 100.0 98.4
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B. An aqueous phase was prepared by dissol ving sucrose

and di sodi um EDTA di hydrate in water for Injection. C
wab@eoii2z4@and aqueous phases were m xed toget hePCTUBERI0g5/624594

Si | verson honogeni zer (Model L4ART with a 2" head) at

5, 000- 10, 000 RPM for about 5 mnutes to forma crude

emul sion. D. The pH of this crude enul sion was

adjusted from3. 5 using INHC . E_The crude emul sion

ThRe honogesthged fdr sigpngasses in the M crofluidizer
' ; oV i% fPurit
P%felﬁi ll*ﬁ\@qclj\d,!] fon ! n i"(g%ﬂ% fil ow’h&sEOVERE enul si%Purity

st eri I etfwi-l\é;ejrm(Satrjt ori4is, M ni Sartp1.2G The

enul sTonm was_dirspensed 1T — S
pre-isteri 4zed gl dss vi4Ps. These vP&I% were|seal e§8.9
W t hl pre-ste iIizérd ru ﬁ) r stopperq00|§><ANPLE 9 98.6
stabj I ity-20PCvi noriel bi 3i n thhe enmgbeigmn preichared 99.0
Exanpte 8 Was studied Using Teverse: phase HPIC et iod:
WT?’(S net h&® &l | ows| det &3-8i natj on of 9€dhcentrati on 888
b ity of jgbgorel bine 11511t he enmul si 886 The vijnor el @8@?
chercal g g L I e : 98.
the tabl e40°C 14.2 99.5 98.5
-20°C 14.8 100.0 99.0
2-8°C 14.7 99.4 99.1
Wk 4
25°C 14.4 97.3 98.7
40°C 14.6 98.5 97.2
-20°C 14.0 100.0 99.1
2-8°C 14.0 100.1 99.1
WKk 12
25°C 14.3 102.7 99.0
40°C 13.7 98.2 98.9

The physical stability of the emuision prepared in Example 8 was
also evaluated. The physical stability was measured by the ability of the
emulsion to maintain its average droplet size and the absence of large droplet
(>5 micron in diameter). The average droplet size was determined by laser
light scattering using a Malvern Zetasiziser 5000, and the presence of large
droplet (>5 micron in diameter) was examined by observing the undiluted
emulsion using an optical microscope at 400X magnifications. The physical

stability data of the emulsion are provided in the table below:
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bel ow. Cheni cal

stabili

tyThe physical stabili

ty of the

emul sion prepared in Exanple 8 was al so eval uated. The

wp@boosiocale st ability was nmeasured by the abilitRCDUSI00%024594

emul sion to maintain its average droplet size and the

absence of

| arge droplet (>5 micron in dianeter).

average droplet size was determ ned by | aser
scattering using a Mal vern Zetasi zi ser 5000,

presence of

| arge drop
exam ned by observing

The
1'i ght
and t he

Fﬁggsiggﬁst?%m{;pn in dianeter) was
d enul sion using an

optigal—mcrostope—at—400Xagnt-ficattons—The
physilcal stabilitAV&atd of the enul sion are provided
Timet he $RH9GE bel DrofRely gi tatgestdrmipiats (35 Goaoihusi on: Visual
péimior leCinARions | chsiaecal|l y st ain diametéhe emul $i oappearance
prepared in Exhrrpirfm)S at 2-8C or 25C, and the enul sion
sphystcatty stanteat—2=8C for—at—teast—t2weeks—S
ndnt hs) . EXAMPLE 101BREEZE- DRYI NONGAGOREL BI NE | EMULLShioNm
st udyopas nonstrate t feasﬂblllt) oo
\&Kmmrn %P r;? m.ﬂgj lsion to '42%¥ eeze-driéd Uniform
emul si onzcgvct he "qiB-in-solid diggessi on systent, Uniform
which—Tsbet erec'r norestabte—than—the—t+iguid
enul si on.236k h | o2BH (IpH 3. 75) Sandeneutral pH ( péhiform
7.14) emﬁgg forggl atl{i ons vvereS desi gned anﬁi prepat ed
for flreez Ty yophi || zat AHC st udy . The nriorm
WRmm{l at izgrocoht aiped: Many Uniform
2-8°C 115 None Uniform
25°C 122 Some Uniform
40°C 162 Many Uniform
Wk 4 -20°C 137 Many Uniform
2-8°C 110 Some Uniform
25°C 123 Some Uniform
40°C 169 Some Uniform
Wk 12 -20°C 201 Many N/A
2-8°C 116 None Uniform
25°C 143 Some Uniform
40°c | 117 Some Yellowish,
viscous

Conclusion: Vinorelbine is chemically stable in the emulsion

prepared in Example 8 at 2-8°C or 25°C, and the emulsion is physically stable

5 at2-8°C for at least 12 weeks (3 months).
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To prepare the freeze-dried emul sions, vinorel bine
bitartrate, Mglyol 812, phospholipon 90G and ol eic

waeiodovere first dissolved in sufficient amuneCDiS2005/024594

dehydrated ethanol to forma clear solution. The

et hanol was renoved using a rotary evaporator under
vacuum at room tenperature overnight to obtain an oi
phase. The oil phase was m xed with an aqueous phase,

whi ch cont ai ned sucrose RﬁﬁmsqghgﬁlEDTA to forma

crude enul sion _using a high shear honogeni zer. The

ol ei ¢ aci d useHRERZE-RR¥INGOANORBLEINAENEHPNed in a | ow

pH emul si on naturally. The crude enul sion was then

m cr of | uikhig stidyovastpdemagetateahedeasibilipHpioryeftinga liquid

ot 8 AR Bl Rk o PR AL
WiSiEH &b EIBYeR ABree@ bl ®anthe ighildubukish. f or 6 passages
to forma pH 7.14 final emulsion. Both enul sions were
filteredtBotblomw pii PHri3cryrard mewral pkhtpH 7114 @niuwisionas

1 . each in 5 nL vials or O each in 2 nlL vials.
fofnulatiafigere AegigBer At RigBamasbir TeetSringil tftZEton
stiigy.e partially stoppered with I|yophile stoppers and

reeze-dried using a freeze-dryer (Dura-Stop (tnm) np
by FTS Syktesfgrmubitionheontainpteti on of the freeze-drying

cycle, the freeze-dryer chanber was back filled with
ni trogen gas NF to about 95% of at nmrs?})rzferl C pressure
and then fully stoppered by collapsing Y"ﬁ’_‘é) shel ves.
VB nur el onorthe oil-Tisoria
Milger12ion system was white 15
Soy lecithin 7.5
Disodium EDTA dihydrate 0.005
Oleic acid 1.45
Sucrose 15
Deionized water to QS 100

To prepare the freeze-dried emuisions, vinorelbine bitartrate,
Miglyol 812, phospholipon 90G and oleic acid were first dissolved in sufficient
amount of dehydrated ethanol to form a clear solution. The ethanol was
removed using a rotary evaporator under vacuum at room temperature
overnight to obtain an oil phase. The oil phase was mixed with an aqueous
phase, which contained sucrose and sodium EDTA to form a crude emulsion
using a high shear homogenizer. The oleic acid used in this formulation
resulted in a low pH emuision naturally. The crude emulsion was then
microfluidized for 6 passages to form a pH 3.75 final emuilsion.

A portion of the pH 3.75 crude emulsion was adjusted to pH 7.14
using 0.5N sodium hydroxide. The crude emulsion was then microfluidized for

6 passages to form a pH 7.14 final emulsion. Both emulsions were filtered

35




10

15

20

25

"cakes" with uniform appearance. Prior to testing, the

| yophil e was reconstituted with deionized water and
woreovedif2a¢ 1-2 mnutes to re-formthe |iquid eptl/B505/024594

The appearance (gross and m croscopic) was recorded

and the droplet size was determ ned (Table 9). Table 9

VI NORELBI NE EMULSI ONS PREPARED BY RECONSTI TUTI ON OF

THE O L-1 N-SCLI D DI SPERSI ON SYSTEM W TH DEI ONI ZED
thr‘%{;ﬁ%@ﬁf&&?ﬁ@}é aﬁpfﬁneh' ifto/as/ | MO 8LEkK e 5 HLUVRIOBr GBYmL

be“treeze-dried to formthe oil-in-solid dispersion
eagdh @mlLasals s Tbk haidhti of theffill dvad sipmitd-4 mrsy Skrenviasnwere

forman oil-in-water enulsion with size

paghialyipepered with Yprnilgptopperhand fieeratdrisd yaing A fregzendryer
(Dg.tg_gttgt,gm% H?Eﬁ? §§%E 11 VEIN | RRI TATI ONTEST The
(0] ve

] ectl s to conpare vein irritation

of a vi nktethbicompistidreofthe ffedzeed yirgseytie ithe rdeizerdryer
with a marketed vinorel bine sol ution product.

Th
chamRfraas hackfRC VN niEsien @as DF dpaabsut 85% af atmaraheric

B RS 585 B Pl AT 18 toperea

vidhs Werdareldd wih Gumialintomipisaalsl% vinorel bine tartrate
(equivalent to 1% vinorel bine freebase) in water at pH
3.5. Thi sThs ddetenpision pe theait-in-salitbdispresiomsystem was white

“c %s%/g nﬁ:ﬁi@rm%@ﬁgg}akée.”ﬂ%ﬂc? gesitiﬂg} n]% lVoghiRaywas
reconstituted with deionized water and mixed for 1-2 minutes to re-form the
liquid emulsion. The appearance (gross and microscopic) was recorded and

the droplet size was determined (Table 9).

Table 9
VINORELBINE EMULSIONS PREPARED BY RECONSTITUTION OF THE OIL-IN-SOLID
DISPERSION SYSTEM WITH DEIONIZED WATER

Emulsion pH | Appearance | Microscopic appearance Particle size (nm)
3.756 Uniform No > 5 micron droplets 120.1+£3.0
7.14 Not uniform | A lot of > 5 micron droplets | NA

Conclusion: The pH 3.7 vinorelbine emulsion may be freeze-dried
to form the oil-in-solid dispersion system, and such oil-in-solid dispersion
system can form an oil-in-water emulsion with size characteristics similar to the

initial emulsion, upon dilution in water.

EXAMPLE 11
VEIN IRRITATION TEST

The objective of this test was to compare vein irritation of a
vinorelbine emulsion of the present invention with a marketed vinorelbine

solution product. The vinorelbine emulsion used was prepared as in Example 8
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Six white rabbits were divided into three groups (two
for each group, one nale and one fenale). Each rabbit

w0 emelyrds dai | y an intravenous bol us injecti onP€TUS290$1024594

the margi nal ear veins consecutively for 5 days. To
Goup I , 5%dextrose solution (D5W was injected
daily as a negative control. To Goup I, M NNUOBIN(r)
was admi ni stered at a dose of 1.68 ng/kg/day after

(withbut t'h@rfréé%eodrg/ ing ¥ ?h@lnrerkéreee\hﬁée%rh@ sQﬁr‘%ﬁS a

positive contr I'l, the vinorel bl ne
(MINDIUOBIN Dmeplested bysSrrnn Sx%umfpheﬁrﬁnabsoradmsm %twémaerelane
t. 1% (undi

tadfate Sq VIENLR 15 vHaSliins fisrorssrie WatebuaE 4.5 Btk broduct
hdsthE Eéﬁmpbé@)@he% N’é\%elbr hae \X/hl&ﬂﬁg'n*?é&gte%m'tﬁé‘ips by

prepare no drug-related signs o
Glago8niithKilihat i on were observed by appear ance
exam nati gn and pat hol ogy hi st ol og observed

_changes weiX Whilgar abitayara Qividgd M‘héﬁ"@ﬁtgr%%ﬂ (fwonfgr each
grppp)e ﬁﬁbe Eﬁgkﬂntesferﬂala Q?EFC(H labbl trrgéeﬁg Wali aM I}W?&H\&s

I gns eve

boluig iri;@dtio@.rthrcﬁrgmﬁhaanargrnéﬂwrwemsrcmrwenatrmv |fc$r1 @dayaé. To
this invention did not cause vein irritation, while

G Is 5P dexFoseosoltion (BoV\) aas iniastechdailyyas A negative gontrol.

irritati WgTﬁ/ﬂﬁﬁU@éfWﬁQg%%nﬂﬂ%?ere%lxp&gs 165 1.68

ACUTE TO
mg/kg/day after dilution to 0.3 % vinorelbine freebases in D5W as a positive

control.

To Group |, the vinorelbine emulsion prepared as in Example 8
was administered at a dose of 1.68 mg/kg/day either at 1% (undiluted) or
after dilution to 0.3 % vinorelbine freebase in D5W.

in Group 1l treated with the vinorelbine emulsion prepared as in
Example 8, no drug-related signs of vein irritation were observed by
appearance examination and pathology histology. All observed changes were
due to mechanical punctuation during injection. Rabbits in Group Il (treated
with MINNUOBIN®) exhibited signs of mild to medium level vein irritation.

Conclusion: The vinorelbine emulsion of this invention did not
cause vein irritation, while the solution formulation resulted in significant vein

irritation at the same intravenous dose.

EXAMPLE 12
AcCUTE ToxiCITY TEST

The objective of this test was to compare acute toxicity of a
vinorelbine emulsion prepared as in Example 8 with a marketed vinorelbine
solution product (MINNUOBIN®) in mice.
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The objective of this test was to conpare acute

toxicity of a vinorel bine enul sion prepared as in
wEx@mple48 with a nmarketed vinorel bi ne sol uti oPCPUSIND 024594

(MNNUCGBIN (r)) in mce.Mce (100) were divided into

five (5) dose groups with 20 animals in each group (10

mal es and 10 fenmal es). M NNUOBIN(r) and the

vi nor el bi ne enul sion as described in Exanple 8 were

adm ni st JFRA

observedqglﬁg gg%);\gé't%;gwﬁéta mi(/vas Cgﬂtg‘ésgsgggu%é;?ﬁg’ﬂf%lmals
in Biaick groogs h‘rﬂjmaTetseamd/ 10 fémateﬁ)eMiMNUGBID‘I@LEDEDtheahnemIbme

vvere cal cl usi on: There was
erdy élq“sﬁ% @@gf'@%@ﬁ@é]%&\o(%@qaqrﬁ&%e “HPM%%%US'Y
F
BT B (AT ETa o Bl g o
Bligsrmetbdi ne enul si on prepared as in Exanple 8 with a
mar ket ed vi nor el bi ne sol ution product (M NNUOBIN (r),
Exanpl e 'ﬂ?c)'V kil asute todaity hB5prd@§@SL"é%es°ql‘E}Hat%‘a%er or

XEITOyr af ted—wth—humanmbreast——cancer \DLdS- Jl) —The

Viaaietking Sﬂb«l’t@nl (MINDE@BIMT): avenous By -G6h¢ 4021) meikas

vifihiehife EnliASion ARGt o ot Ot o] AR GT75-448) nikg

determ ned in Exanple 12. Dextrose solution (5% D5W
was used &Qé@l ‘C’[%e?é’%%giceg | Caafl 8fff@r‘é@éét B hgse

gi ven da| cy was er m ned
two groups.

EXAMPLE 13
ANTI-CANCER EFFICACY TEST

The objective of this test was to compare anticancer activities ofa -
vinorelbine emulsion prepared as in Example 8 with a marketed vinorelbine
solution product (MINNUOBIN®, Example 11) in mice bearing mouse Lewis
lung cancer or xenografted with human breast cancer (Bcap-37). The animals
were injected intravenously through tail veins with a vinorelbine formuiation at
two equal toxicity doses, i.e., 1/5 and 1/10 of the LD50 dose as determined in
Example 12. Dextrose solution (5%, D5W) was used as negative control. Each
formulation was given daily for 6 days. The efficacy was determined by
measuring in the tumor size, and average tumor inhibition values were
calculated. For each cancer model, two studies were conducted with 10 mice
in each treatment group. Figure 3 shows the average tumor growth curves of
all treatment groups in the xenografted model. The tables below list the

average tumor inhibition values.

38




measuring in the tunor size, and average tunor

i nhibition values were cal cul ated. For each cancer
woreael17286v0 st udi es were conducted with 10 m CRCT/NS®a®R4594

treatnment group. Figure 3 shows the average tunor

grom h curves of all treatnment groups in the

xenografted nodel. The tables bel ow Ii st the aver age

tunmor i nhibition values. Mbdel No. 1 -

MadgJdNR-aheblics %b%@nmafcsé\dmwwt%mté m@wes Lew@wamw

IVUU(:‘I No—2—= NUU(:‘ I BV ATTUTTAT "Dl east
cancer (Bcap-37) CoAVFFaggﬁ*H%?%@g\t@hrv)enul si on
prepar Waemmeiemlsf@w Exanpl e B f or mul aMimaretbiie bblutdn

- —a dose-dependent antj-tunpr ivity against both

Do du<aad) huStiivEhcbr SIUGWES ahDosEHEEPIE) | {i Glugy#1 | Study#2
appear ed—statdeshy y atent g[o) T 0
THB3Hh§RY fq)rlr?u%?gﬁ%on E)ﬁlﬁ_ M%R‘/ﬁ@ @?éﬁ' ugy 84.23%
The obj ectivencf10hi § tas:tmvas to obt ai n n=10
nh:\r macokimhetics properties oflthe vinorel IJJQ
?%ﬁ n pr erﬁa']r%@%as [ r@oE%lﬁ’pl g anagéhgnp( re5_(-t32\%? th 956.38%
Vi Qi ghbi pe s oh product (M NNUIGE =

(r)gExamJI e 11)?(b ats Tn Study No. 1, lhelf‘psl'Ibl n=10

vi nor el bi ne enul si on was dosed to rats intravenously

BB RS nss RO oo Sesl BRB )

method.” A total of AQeFégeST%b?MﬁsﬂOW(%’)jZ ani mal's

for each dose where six were d for blood sanpling

f r ginodelbingreraudiarn G RIP1042) 6 for 6 12 hrvmdblrmlu’@on

Rl and ~Aan rat i AN _A~Llrva Ao Ar

Dose (ivx5qd) |~ Study #1 |~ Study #2 | Dose (ivx5qd) | Study#1 | Study #2

86.97% 88.33% 8.19mg/kg 81.13% 82.20%

7.63mg/kg
n==6 n=6 n=6 n==6
67.25% 70.33% 4.10mg/kg 64.08% 67.33%

3.81mg/kg -
n==6 n=6 n==6 n==6

5 Conclusion: Vinorelbine emulsion prepared according to Example
8 formulation exhibited a dose-dependent anti-tumor activity against both
mouse and human cancers. lts anticancer efficacy appeared statistically
equivalent to the vinorelbine solution formulation.

10
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shown in Figure 4 and pharnmacoki netic paranmeters are
listed in the table below Dose ti/2a ti/2a V1" Vd
W@R00A0C206 24 "AL)C -" . MRT ng/ kg (h) (h) (L/kedT/(520k%y)24594

(L/h/kg) (igxh /L) (igxh /L) i (h) 2 0.32 9.75 4.59
20.98 1.49 3374 " 1404.72 13.77 _ - _. - 0.28 1122
724714 ' .~ 1.49 " 227148 27 7 59] 12.36 Q- : 0.38 ~
9.09 84 2189 U Ur~ 4396.36 " 5070.47 1 10.1 In Study
No. 2, both vinorel bine emul sion (Exanpl e 8)

vi norel bi ne solution (MNNUCBIN(r), Exanple 11) were
dosed to rats intravendgXAMRLUE ddgh tail veins at 4
ng/ kg, bl ood sanples were taken and anal yzed using a
val i dated LC- VB nmetHHRMAROKBYEIICSOPTYRY rats were used
with 12 animals for each fornul ation where six were

used for THeoolesREOA this tEPWaSt6 obtaiaptaimacekinetics
for 6-12 hr after dosing. Blood concentration curves

propertispefithe vinprejbing snulg@nTepatasbRs ekExample 8 aagdaognpare it

iR R 4 feod R QHATMRRR P i
rats( L/ h/ kg) (igxh /L) (igxh /L) (h) Enulsion 0.28 11.22
3.00 24.14 1.49 22~7 1.48 2717.59 12. 36 4ng/ kg ; i

Sol ut i on 10 Stgdy Npo 13thegvineredisng emuisiooevasdossd togts
intF&JJn%%Elyﬁ%%b& tail veins at 2, 4 and 8 mg/kg, blood samples were taken
and analyzed using a validated LC-MS method. A total of 36 rats were used
with 12 animals for each dose where six were used for blood sampling from 0-6
hr and the other 6 for 6-12 hr after dosing. Blood concentration curves are
shown in Figure 4 and pharmacokinetic parameters are listed in the table

below:

“Bose T tm | VA TV@TTGL TAUSO® T AUGT| MRT
- mghkg | (h) (hy | (LUkg)  (Lkg) ((Lihkg) (igxh /L) (igxh /L) ()

57032 | 975 | 450 2008 | 149 118374 140472 13.77

4 028 | 1122 3.0 2414 | 149 227148 271759 12.36

8 038 | 906 | 3.84 2189 167 4396.3625070.47 10.1

| S [ SO RSO AN MU, U O U U S PN

in Study No. 2, both vinorelbine emulsion (Example 8) vinorelbine
solution (MINNUOBIN®, Example 11) were dosed to rats intravenously through
tail veins at 4 mg/kg, blood samples were taken and analyzed using a validated
LC-MS method. A total of 24 rats were used with 12 animals for each
formulation where six were used for biood sampling from 0-6 hr and the other 6
for 6-12 hr after dosing. Blood concentration curves are shown in Figure 5 and

pharmacokinetic parameters are listed in the table below:
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Concl usi on: Based on a two-conpartnent nodel, the
estimated elimnation half-life of vinorelbine in rats
w@tdoeninecei vi ng the vinorel bi ne ermul si on at 2PCT/USEN024594
8 ny/ kg dose was 9.75, 1.22 and 9.09 h, respectively,
and the AUCO 24 were 1133 2271 .48 and 4396.36 ng h
/'L, respectively. Alinear relationship between the

AUC and dose was observed Based on the elimnation

,62@82 %l i fs -and- UC Ve ﬁ@; ermi o e vso! mw ST
" Bl ODI g_rr} hgonpa e [§$ mﬂ@@jgg ?H}’Eﬁéff )2{95‘1 §'9X%/d5) (hy

to obtal n bi odi strilbution propertl es of the |
Emulsmrel bize erdlZ an3ptepaz4d4as 1 AIEX AR 1e4B | @7d7.59 | 12.36
AnyTRGUr e it with a marketed vinorel bine solution

product (M NNUOBIN (1), Exanpl e 11)_in _rats. In this |

4Setuudy|, bR& vilnor®l bBes en2b.6Bon {BRanR 923 2891.99 ! 1796

| 4mgmgel bi ne solutign (M NNUOBIN (r), Exanple 11) vvere

' _dosed!to rats_intravenously through tail veins_ at. 4..
various organ sanples were taken at 15 mn, 2h and 8h
after dosing and anal yzed using a val i dat ed LC- VB

net hod. Bynchasion Bagel ahi Htwo-sotnphatimentt Mddeiathe eetintated
used with six animals used for each tinme point.

elimination half-lifenef \bnorgibioe & witnaftehracelving gﬁgmafeébm?ﬁrewls'on

at 2"l PRUES £S5 s sTbo1 R DT do e iR/, R e

Alreb-24Tgetd P18y any ANy 4818nd YERE. 3‘61|§g>he/u respelctivisly B dihsar

relationship between the AUC and dose was observed. Based on the

elimination half-life and AUC values, the emuision and solution are very

comparable pharmacokinetically.

EXAMPLE 15
BIODISTRIBUTION STUDY

The objective of this test was to obtain biodistribution properties of
the vinorelbine emulsion prepared as in Example 8 and compare it with a
marketed vinorelbine solution product (MINNUOBIN®, Example 11) in rats.

In this study, both vinorelbine emulsion (Example 8) vinorelbine
solution (MINNUOBIN®, Example 11) were dosed to rats intravenously through
tail veins at 4, various organ samples were taken at 15 min, 2h and 8h after
dosing and analyzed using a validated LC-MS method. For each formulation, a
total of 18 rats were used with six animals used for each time point.

Concentrations of vinorelbine in the organs are listed in the tables below:
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0.7

C(mg/ M or
71 1.53"

Solution 1 i

3.
j
0.7

8

15vainadter Hos8tg 05 ' 0. 6390 0J.

C(mg/m or g) |
1 6.70 4.80 |

9 1.33 1|

7 0.52 ',

2.16 0.18

-2

0.22 "

0.74 "

, 9.03 7.77 5.53 4.08 3.72
wW@2@8/017286 Emul sion SD 0.01 1.87 3.50 2.42 1. 46PCT/LSHP5/024594

2.27

;.97

0.60 0.14 !
g) 0.16 9.50 10.92 18.43 19.16 17.07 7.76
10. 97 5.50 7.79
SD 0.02 1.28 3.17 4.26 4.48 4.00

0.10 2.49 1.03 2.18 0.78 0.62 0.63 P

. 66446655 0. 8383 0. 0596’

0,24 10.12 10.21 17.96 14.74 20.15

5.18 4.17 4. 36
1.72

010701 0. 3036 0679 .. .o QnEn Q572776 fad = 00492
e L T PIOG 7 ACAS M I g oOUoUTTYT LU IS TUrJd o H .
0. 0655 0. G Bat] UG, P Grg; ”%Em@’iis’@@rfﬁl [@ﬁ B ‘“V’Fh@"ph Musde ' Intestine| - Eraln
emul.si.on_and._soluti.on exhibited. mgeneral hy--60 npar-abl-e.
bi odistord 1585t Pén S &1 IF&g F*SThes el §P°q)ﬁ28 lﬁﬁe éh‘” ¢t 0327 L6002
Epfoe vent—v nlu Zi bi-t e flzl.z‘l renter [ ng T ﬂI.UO3[.rdlI ; vvr915| C'r;2 P
may  s&9gedt | & pdEsithil Y yof A | rEdIFed®nétr STax¥) ciqty: e
WSU.CI'} a.s ef- | nhr .ol AEUr o at h g ,,,,,,,,,,, I SO
gg} 7.701 2169 | 13.67 "25!0({ hat Xfo 0 g%ﬁ%' nalion | 517 5'&7 l\/é03 533
com C|ate tio the 0Lt|cnfornrula i on. CL
S‘W? 44444444444444444444444444444444 B T e e ¥ e oo e
al . C 7.%3“ '3.37] 74 \1(5?89 ITPQQ Io.‘_;,sl (3% %9}”@59 %leﬁglzsa 071 139 | 051
trlglycerl €0I|, an emul'sifier, a stlabi|lizer, wat er ;
—andia-highl ter—sotubl e drug ”wf‘ggsg ) N
| Pvalue g0.00 0.2613! 0.0802 0.9996! 0.0065| 0.0859 0.0229~r6.0710 0. %364 0.0339] 0.21471 0.4933 00004 0.9917 |3.156-10
2 hr after dosing
Plasma iHeart| Liver | Spleen| Lung i Kidney Stomachl Skin% Fat |Testis] Ovary | Thymus | Lymph; Muscle | Intestine | Brain
e b SRS U N WUt JRUS AU R
Clug/miorg) 0.24 (10.12]10.21° 17.96 { 14.74 | 20.15 6.70 4.805216 0.18 | 9.03 7.77 5.53 4.08 3.72 0.21
i
Emulsion b e e B e e =
*SD 0.01 2,90 | 1.87 { 3.50 | 2.42 1.46 1.67 0.79; 1331002 074 227 1.57 0.60 0.28 0.14
Clug/miorg); 0.16 9,50 | 10,92} 18.43 | 19.16 17.07 7.76 3.875‘ 1,531 0.22; 10.97 550 7.79 518 ¢ 417 4,36
{
Solution U INRVRUSN JOUSDRIU SRR R U .- L ok . fo o
£SD 0.02 1.28 3.17% 4,26 * 4.48 4,00 1.72 0.77:0.52 0.10 : 249 1,03 2.18 0.78 : 0.62 0.63
: : E
U, JR— é
P value 1.63E-0510.6390,0.6465; 0.8383 10,0596 0.1070 | 0.3036 ;0.0678:0.30500.5777 0.2659 ;| 0.0492 ;0.0655; 0.0205 i 0.1435 ;2.20E-08
8 hr after dosing
Plasmai Heart i Liver {Spleeni Lung Kidney {Stomach| Skin Fat Testis'} Ovary | Thymus | Lymph | Muscle | Intestine! Brain
! ;
C{ug/ml or g) G.11 291 | 7.89 | 1871 10.69} 8.98 ‘ 5.87 38t ¢ 071§ 0.29 ! 7.36 10.20 6.20 5.61 279 0.23
Emulsion l
+SD 1 0.02 0.73 144 | 3.17 | 3.02 2.18 ' 0.90 0.92 { 0.07 ;: 0.04 1.03 | 2.09 1.77 1.19 0.50 0.08
C(ug/mi or g: 0.10 ; 255 | 4.49 | 16.42 | 9.49 8.12 4.85 191 | 0.81 ¢ 0.27 i 4.81 H 7.04 7.57 2,91 2,49 2.13
Solution . ) {
v + 1
+SD 0.01 045 | 156 | 238 ; 1.87 3.24 . 0.50 0.51 | 0.22 | 0.07 | 2.02 1.92 225 ; 0.89 0.93 0.86
SR - N i - ]
Pvalue |0.1605]0.3362}0.0029}0.18640.4297} 0.6028 ; 0.0354 |0.0013}0.3450 0.71041 0.1230 | 0.0212 {0.2655: 0.0013 ;| 0.5023 {3.06E-04

Conclusion: The emulsion and solution exhibited generally

comparable biodistribution profiles. The emulsion appeared to prevent

vinorelbine from entering into brain, which may suggest a possibility of a

reduced neurotoxicity such as peripheral neuropathy and constipation

commonly associated to the solution formulation.
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(a) the conposition is an enul sion having an oil and

an aqueous phase, and (b) the drug is substantially in
w0 b@soii24aphase. 2. The conposition of claim1l RMEUSI0N5/024594

the enmulsion is at a pHrange of 3 to 7. 3. The

conposition of claim1l wherein the drug alone is

venous toxic. 4. Then conposition of claim1 wherein

the drug is weakly basic. 5. The conposition of claim

1 wherein the drug is seI@EAﬁ? fromthe group

consi sting of dopam ne, cipro Foxacin, vanconyci n,
What isank@ioregcisn, doxor ubi ci n, daunor ubi cin, vinca

al kal oi ds, and pharmaceutically acceptable salts

thereof. 6. The conposition of claim1l wherein said

drug is w nor j Ltar : ig ' e

g 31 o %P%@E}cl)gf'rtlgﬂ i{oﬁ?&%{rﬁ¥ aq&yf:é}‘f‘dé:gﬁrﬁﬁ:%ulsmer, a
stalvlize meatery&od basghipavdteRsellbfé drug, Rherein

*) -2, 3-di hydroxybut anedj oate (1:2)(salt)] and the

fol I owi nd@ trdos GPEWRSBItORGE RErerpHigiareialibg gl gikand an
aqﬁ@gﬁg&€g§§ gﬁgt of vinorelbine. 7 . The conposition of

arm erein the triglyceride oil is a triglyceride

havi ng | qby chiaé drigis sulatarstiallyan thd gil phasé.de havi ng
medi um chain fatty acids, or a m xture thereof.

2. The composition of claim 1 wherein the emulsion is at a pH
range of 3to 7.
3. The composition of claim 1 wherein the drug alone is

venous foxic.

4, Then composition of claim 1 wherein the drug is weakly
basic.

5. The composition of claim 1 wherein the drug is selected
from the group consisting of dopamine, ciprofloxacin, vancomyecin,
norvancomycin, doxorubicin, daunorubicin, vinca alkaloids, and -

pharmaceutically acceptable salts thereof.

6. The composition of claim 1 wherein said drug is vinorelbine
bitartrate having the chemical name of 3',4'-didehydro-4'-deoxy- C -
norvincaleukoblastine [ R -( R *, R *)-2,3-dihydroxybutanedioate (1:2)(salt)] and
the following structure:
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8. The conposition of claim1 wherein the enulsifier
is egg lecithin, soy lecithin, a synthetic

w@hb@spiaké pid, or a m xture thereof. 9. The coP@DER100DOR4594
of claim1l wherein the stabilizer is a fatty acid,
ri bofl avi n-5- phosphate, vitam n-E succi nate,
chol esterol sulfate, or a mxture thereof. 10. The
conmposi tion of claim?9 V\,h@rei n the fatty acid is oleic

acid or a pharnace accept abl e salt é"? r eof .
11. The co claim1 wherein the ‘ﬁ?} has an

aqueous s /m. 12. Fhe-0H

conmposi ti 'mﬂtgge dr ué h@s-Lan aqueous
sol ubi lity of éﬂver 4138 The conpoghpion of
claim1 wher el#° ) @nﬁ gfous sol ubility of

over 500 ng/n. 149 :n‘- Fuld .“‘Cr.pl aim1l wherein

the drug has an aqaeous spkubihlide of dver 1000 ng/ m .
15 The conposition of clai#d © wherein the
t o-.stabi | i gel chargf rat| |s i n range of 1:1

orta(p herPhayMaggy %%Wp%c?e %%88? ¥|nr?1rﬁlgmer ein no |ess

than 90% of the drug is present in the oil phase of

the emul sion. 17. The conposition of claim1l wherein

no | ess than 9B% eémphsitidn of cladmpt eherrinithe tiiglyesiride oil is a
trlgllg/cende Lab%% long cﬁalnr}atty acids, a triglyceride having medium chain

fatty acids, or a mixture thereof.

8. The composition of claim 1 wherein the emulsifier is egg

lecithin, soy lecithin, a synthetic phospholipid, or a mixture thereof.
9. The composition of claim 1 wherein the stabilizer is a fatty
acid, riboflavin-5-phosphate, vitamin-E succinate, cholesterol sulfate, or a

mixture thereof.

10. The composition of claim 9 wherein the fatty acid is oleic

acid or a pharmaceutically acceptable salt thereof.

11.  The composition of claim 1 wherein the drug has an

aqueous solubility of over 50 mg/mi.

12.  The composition of claim 1 wherein the drug has an

aqueous solubility of over 100 mg/ml.

13.  The composition of claim 1 wherein the drug has an

aqueous solubility of over 500 mg/ml.
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18. The conposition of claim1, wherein the drug in

the conposition is in a concentration range of 1 to 50
worgroak1729% A conposition for delivering a hi ghPgFus1005/024594

sol ubl e, venous toxic and weakly basic drug,

conprising: (a) drug (in freebase) at a concentration

of about 0.01%to about 5.0% (wv), (b) soybean oil at

a concentration of about 5% to about 10% (wv), (c)

medi um ched n tTh@bMﬁ@bb%nfﬁf dPalﬁPFQ\ﬁl‘é*rélﬁtthQ'arQé ha8 gt
5% to about 10% (wv), (d) oleic acid

aquaniisnaalubiliyrof evennBoe mg/ato t o 7. 5%(vv/v), (e) egg
lecithin at a concentration of about 1.2%to 10%
(wv), (f) sucrose at a concentration of about 10%to

15% (W V) 15(9) TRE @bhﬂﬁb@ﬁ%h%f% %l\?\”ﬁx )Wlf%ﬁ'ﬁswalé% Sllrﬂ%to-stabilizer

concentration of about 0.005%

chrarde saiiol & inyadrangel afrii: t taditd t o adj ust pH.to pH 3-5,
and(i) water. 20. A conposition for delivering a
hi ghl y-wat er sol ubl e, venous toxic and weakly basic

drug, Ccomps! Sie chmMboSiih dfdaifl FRRE ) leds than 90% of

concentration o out
the drug is present in the oil phase of the emulsion.

17.  The composition of claim 1 wherein no less than 95% of

the drug is present in the oil phase of the emulsion.

18.  The composition of claim 1, wherein the drug in the

composition is in a concentration range of 1 to 50 mg/mL.

19. A composition for delivering a highly-water soluble, venous
toxic and weakly basic drug, comprising:

(a)  drug (in freebase) at a concentration of about 0.01% to
about 5.0% (w/v),

(b)  soybean oil at a concentration of about 5% to about 10%
(Whv),

()  medium chain triglyceride at a concentration of about 5% to
about 10% (w/v),

(d)  oleic acid at a concentration of about 1.5% to 7.5% (w/v),

(e)  egg lecithin at a concentration of about 1.2% to 10% (w/v),

® sucrose at a concentration of about 10% to 15% (w/v),

(9) sodium edetate dehydrate at a concentration of about
0.005% (w/v),

(h)  sodium hydroxide/hydrochloric acid to adjust pH to pH 3-5,
and
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about 5.0% (wv), (b) soybean oil at a concentration

of about 5% to about 20% (W v), (c) oleic acid at a
weoneceruat i on of about 1.5%to 7.5% (w V), (dPCEU$2005/024594

lecithin at a concentration of about 1.2%to 10%

,,,,, (wv), (e) sucrose at a concentration of about 10%to
15% (W v), (f) sodium edetate dehydrate at a
concentration of about 0.005% (wv), (g) sodium
hydr oxi d&ghyd\rlvg loric acid to adjust pHto pH 3-5,
and (h) Water. 1. A conposition of matter for
delivering a highly-water sol uble, venous toxic and

weakl y basic drug, conprising: (a r in f

atb ) a conéntr ét¢%ﬂp@$'ti%&§td%3’@é@§ ?%@ﬁw&?aqgf %&Eg%ﬁ \(‘e/}mus

: oybean oi.l .ration of about 5%to ’
toé‘b@[]a %&W%&g%%%@?@%@%ci d at a concentration of

about 1. 5% t 0dfudtin fievhse) &) a soncdrertioni of aktous0.01% to

concentration of about 1.2%to 10% (wv), (e) glycerin

abaut 8.0t rati on of about 2.5% (w V),
(b)  soybean oil at a concentration of about 5% to about 20%

(Whv),
(c) oleic acid at a concentration of about 1.5% to 7.5% (W),
(d)  soy lecithin at a concentration of about 1.2% to 10% (w/v),
(e)  sucrose at a concentration of about 10% to 15% (w/v),
%)) sodium edetate dehydrate at a concentration of about
0.005% (wiv),
(g9) sodium hydroxide/hydrochloric acid to adjust pH to pH 3-5,
and

(hy  water.

21. A composition of matter for delivering a highly-water
soluble, venous toxic and weakly basic drug, comprising:

(a)  drug (in freebase) at a concentration of about 0.01% to
about 5.0% (w/v),

(b)  soybean oil at a concentration of about 5% to about 20%
(Wh),

(c)  oleic acid at a concentration of about 1.5% to 7.5% (wiv),

(d)  soy lecithin at a concentration of about 1.2% to 10% (w/v),

(e) glycerin at a concentration of about 2.5% (whv),

) sodium edetate dehydrate at a concentration of about
0.005% (w/v),

()  sodium hydroxide/hydrochloric acid to adjust pH to pH 3-5,

and
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(f) sodium edetate dehydrate at a concentration of
about 0.005% (w'v), (g) sodium hydroxide/hydrochloric
waeiodot4@dj ust pH to pH 3-5, and(h) water. 22pCTH82005/024594
conposi tion for delivering a highly-water soluble,
_____ venous toxic and weakly basic drug, conprising: (a)
vinorel bine bitartrate at a concentrati on of about
1.0% (wv), (b) nmediumchain triglyceride at a

concentr g§i on about 10% (wv), (c | ei [

I ony Qfert , ) oleic acid at a
concentrgbl on o¥ about 1.5% (wv), (d) soy lecithin at
a concentration of about 7.5% (wv), (e) sucrose at a

822532%{ 3oL The sommasitian ok SeieriA MRS UTDE,

. . . :

velyfls B9 0 DR Bl eiigacic {0, adi st B Lo
for deliygry kinorslbinavsitzotrate aind cameentiation afrabout 1.0%

intraarticular routes of a highly-water sol uble,
(whignous toxic and

(b)  medium chain triglyceride at a concentration of about 10%
(Whv),

(c) oleic acid at a concentration of about 1.5% (Whv),

(d)  soy lecithin at a concentration of about 7.5% (w/v),

(e)  sucrose at a concentration of about 15% (wiv),

4] sodium edetate dehydrate at a concentration of about
0.005% (wiv),

()  sodium hydroxide/hydrochloric acid to adjust pH to about
3.75, and

(hy  water.

23. A composition of matter for delivery by intravenous,
intramuscular or intraarticular routes of a highly-water soluble, venous toxic and
weakly basic drug, comprising:

(a) vinorelbine bitartrate at a concentration of about 1.0%
(Wh),

(b)  soybean oil at a concentration of about 5% (w/v),

(c) medium chain triglyceride at a concentration of about 5%
(Wh),

(d) oleic acid at a concentration of about 1.5% (w/v),

(e)  soy lecithin at a concentration of about 7.5% (W/v),

4] sucrose at a concentration of about 15% (w/v),

(g) sodium edetate dehydrate at a concentration of about
0.005% (wiv),
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weakly basic drug, conprising: (a) vinorelbine

bitartrate at a concentration of about 1.0% (wWv), (b)
waeoywbesan4®i | at a concentration of about 5% (WE/PSZ003/024594

medi um chain triglyceride at a concentration of about

5% (wv), (d) oleic acid at a concentration of about

1.5% (wv), (e) soy lecithin at a concentration of

about 7. 5%(vv/v) (f) sucrose at a concentration of

about 15%,
Stl on o? aboxaﬁ%'d%hﬂ, Eﬁbﬁcmﬂfé&lgs%l"% about

concentr w V), (h) sodi'um
3.1y, cliraki de/ hydrochl oric acid to adjust pH to about
3. 75, and (i) water. 24. A conposition for delivering
a hi ghly Qat eMa8i-ubl e, venous toxic and weakly basic
drug, conprising an oil-in-solid dispersion prepared
by freeze-drying the |iquid enul sion conposition
accordi n@4t o wnyompesmbnd’bradmehﬁg%hlgﬂﬁ/ water—soluble venous
| yophi lized formulation of a hig r-sol
toxig rangeweasly bagisdirig akerpPHsing @”o‘?'b’@ S%ﬁie 'éP%rSt%Pfepafed by

freae%g%é}}g' ﬂ?dlqmae&nm's%rfﬁ&ﬂgpr%ﬁq é%ggr&nﬁ t& QAP BRL df Rhims

any one o
19-23.

25. A lyophilized formulation of a highly water-soluble, venous
toxic and weakly basic drug, wherein the formulation, when hydrated, produces

the composition according to any one of claims 19-23.

26. The lyophilized formulation of claim 25 wherein the
formulation is reconstituted in a liquid medium to provide particles and wherein
the particles increase in size by less than one-fold as compared to particles

before lyophilization.

27. A method for treating cancer comprising administering to a
patient in need thereof the composition according to any one of claims 1 and
19-21 wherein the drug is a vinca alkaloid or a pharmaceutically acceptable salt

thereof.

28. The method according to claim 27 wherein the

pharmaceutically acceptable salt of vinca alkaloid is vinorelbine bitartrate.

29. A method for treating cancer comprising administering o a

patient in need thereof the composition according to claim 22 or claim 23.
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26. The lyophilized formul ation of claim25 wherein

the fornmulation is reconstituted in a liquid nediumto
w@e@siotr4parti cl es and wherein the particles i PCTES®E5/024594

in size by less than one-fold as conpared to particles

before | yophilization. 27. A nethod for treating

cancer conprising admnistering to a patient in need

t hereof the conposition according to any one of clains

1 and 193g1 “‘T‘ﬁé‘?ﬁé‘thbﬂ%c@b#&ng%én bREdf aldimls@ 729 witerein

pharmaceutically acceptable salt thereof. 28. The
theredpdsition ig diministered mtnavedoudler ei n t he

pharmaceutically acceptable salt of vinca alkaloid is

vinorel bine bitartrate. 29. A nethod for treating

cancer coqpri %@%é@\%rﬁc%bﬁiihg_@obﬂ BdnBasfickling 27-296¢herein

t hereof thée conposition according Yo claim?22 or claim
the& do@Posifiba isratmiristeced rifangusclaryyorintraaftedalbl. s 27- 29

wherein the conposition is adm nistered intravenously.

3 1. The method according to any one of clainms 27-29

wherein the conposition is adm nistered

intramuscularly or intraarterially.
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