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WD 2009/ 083664 PCT/ FR2008/ 001410 1 NOVEL TAXQ D- BASED
COVPOSI TI ONS The present invention relates to a novel
pharmaceutical form based on a therapeutic agent that
has antitunour and antileukem c activity. It relates
nore 5 partlcul arly to a novel injectable form
cHRt aPAPn§BERBL derivative of general fornuP@T(F}2008/001410
bel ow. CH3000 0 tBuOCONHo ©II OHHO(lI) HO
OCOCH3 OCOC6H5 or the derivative of general fornula
(1) below 0 MOOW (CHACONH O OH O OCOCHHO 65
OCOC6H5 10 The conpound of formula (1) is better known
under the international non-proprietary name
| arotaxel, it is currently in clinical trials and
known by the abbreviation XRP9881. The conpound of
formula (Il1) is also currently in clinical trials and
known by the n¥OVEL]FAXEQPDZB8SENT MRS OB
PCT/ FR2008/ 001410 2

The present invention relates to a novel

pharmaceutical form based on a therapeutic agent that has
antitumour and antileukemic activity. It relates more
particularly to a novel injectable form containing the

derivative of general formula (I) below:

‘CH,co0 O

tBuO-CO-NH

0 - (1)

or the derivative of general formula (II) below:

OCOC Hy
OCOC H,

The compound of formula (I) is better known under
the international non-proprietary name larotaxel, it is
currently in clinical trials and known by the
abbreviation XRP29881. The compound of formula (II) is
also currently in clinical trials and known by the name
XRP6258.
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These products exhibit, in vivo, a substantia

activity on malignant tunours that has enabled themto
be studied in the treatnent of diseases that are
resistant to all other anti-cancer therapies. 5

Unfortunatel% this type of product, especi al
AL Z0E) 0530F4c! i t axel , has sych a |OM/SO|BEF(FF§O?%/001410

water that it has been necessa?y to prepare a
formulation for an injectable preparation based on a
surfactant and ethanol. Ethanol is the best

phar maceuti cal solvent that 10 nakes it possible to

di ssol ve_t he nol ecul es corresponding to formula ( %

and to FBREREI aPYPEYCESucHR Blormulidt i & Vor s, afoF‘Ubs antial
exaiived tydesc malédnbnt Patmotir EPtBab98a656nasled thde to be
f Wi_ng .pub a | e,._acc m

t%lé:u% e;&l Cg} ng H:gggm%(t W%¥ (gls%)ér%gg %ha% ena\P/%sigtant
arf@ Bdﬁeﬁ@hér ahtehca®©%ar%QBraH&ﬁ&maJournal of t he

Nati onal Cancer Institute, Vol. 82, No. 15, pages

1247 1259rentdsbc AugUSttHOAD0, tvgRNCRIENT BYodha¥pl é\@;béalally

a.solubilit o) to the co unds of for
( chlj:af{fe ) Oarf\éf;‘gh §8fcﬁ?roﬁqaskng€\ﬁ as afm%t q’%’&illty in
sofageirothati d tphegabednt hateseatri hs RPEPAXE nat bymubation
g B 18 ték‘ﬂléa %Pé;‘!&f‘étﬂ%tH£§e&°HH°§edSL&ffacta§1Q and

vol t et hanal ; pol yoxyet hyl enat ed cast or
mqthaFQ;g.E@ﬁéﬁﬁﬁhd@ Eﬂ¥3 %EF%RP??r@ﬁR§H§%9ﬁ}t%P%Wﬁ%F that
pubkiesatitoposkiboeder Hassobirai Ahaunbleontent ¢atrenNsSonding

(l%%t o%r}nuq.a F %mgg/trg ) (I}]JlrrBulA S (Effeséﬁrcﬁ to f&trﬁﬁatlon

solutlons con t Ke
piiSncifsire, e@mﬂ@tr C@Ti@e(ﬁ igachatint e PobP3wibRg or in

cemproy¥Rdsoweh§ap@bl ek ahove all Crenophor,

By way of example, according to the publication by
Rowinsky, Lorraine, Cazenave and Donehower which appeared
in the Journal of the National Cancer Institute, Vol. 82,
No. 15, pages 1247-1259 on lst August 1990, concerning
Taxol which has a solubility close to the compounds of
formula (I) or (II) a first solution, known as a "stock
solution™, is prepared that contains approximately
6 mg/ml of taxol in a solvent mixture composed of:

- 50 vol% ethanol; and
- 50 wol% polyoxyethylenated castor oil
(e.g. Cremophor EL).

Still according to this publication, in order to
obtain such concentrations {(between 0.3 and 1 mg/ml), it
is necessgary to inject solutions containing, at the same
time as the active principle, concentrations of each of
the following compounds, ethanol and above all Cremophor,
of approximately 8 g per 100 of perfusion solution. Since
the treatment often requires the administration of high
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30 of approximately 8 g per 100 of perfusion solution.
Since the treatnent often requires the adm nistration
of high WD 2009/ 083664 PCT/ FR2008/ 001410 3 doses of

active principle, and since the concentration of the

actlve(PrlnC|pIe in the solution is relative & Iom%
t HE i99%8¢083/%6f a | arge vol une has the eff &F/BR2008/001410

causing, in addition to anaphypactlc mani festations, 5
mani f est ati ons of al cohol poisoning during the
treatnment. It has been discovered, according to
European Patent EP 0 593 601, that the use of

ferent pharmaceyti gcal forns made it_possible
5 Gedatey prrlél&&eéet héngt RAR6F EBﬂc@ﬂP‘F%‘tlF%%mn of

ortlrel secttiores opipl wd b de 10nr eﬁev%oﬂﬂal%ermoh@éla&rhdfdl@e low,

nol; usien utes ar, t hi ock
%E% ln5%5§§%%e g?ed t ha rg%xnﬁ%n%%? t e ac?bve effect of

pCEteiple i Ana mdxitl@ﬂ@nof tool wonpbyleonposeyanifestations,
etlBanekstwhi 6hsi 81t hecbest ﬂBi&Bﬂﬂﬁg'dﬂfin%StﬁglEfggtment.

for taxane-class active principles,

surfact? t %hose from.t he ﬁ%%orbates old in =
particu g , UiRder®fhe RARESVSERN aRTCRE x-C orEffpean
esegestet ek 0 di2%t hglPéne oshade amteof ﬁﬁtyoﬁci ddifferent

gbﬁﬁgﬁbggﬁF%BXﬁrQQQH@t@ﬂuﬂg f@”pB¥%EBQS”@E%ﬂeEa greatly

for exanple, under the name Crenophor
ERGFHAGr theTie hanedk GHIqpntsRE1Ra% ngTa 916w é%%a‘?@l‘PletelY
caehent, theef enahlopheent ands [Bses tdambki et:hranqlzerfusmn
eyen opLe preferably it contains |l ess than 2%
%E g? This solution is stable and may thus contain

up to 2b0 mg/ M 25 and preferably up to 80 ng/m of
active E?¥nCF%*%' n2t hatock solution was prepared that

contains the active principle in a mixture of solvents
composed of ethanol, which is the best bilocompatible
solvent for taxane-class active principles, and of a
surfactant chosen from the polysorbates sold, in
particular, under the names Tween and Montanox, or the
esters/ethers of ethylene oxide and of fatty acid
glycerides {hydrogenated or non-hydrogenated castor oil)

sold, for example, under the name Cremophor or Emulphor.

The stock solution, having a low ethanol content,
preferably contains less than 5% ethancl, even more
preferably it contains less than 2% ethanol. This
solution is stable and may thus contain up to 200 mg/ml
and preferably up to 80 mg/ml of active principle in the

surfactant.

The paclitaxel stock solution had, according to
that invention, a concentration between 6 and 20 mg/ml of
active principle in the surfactant. The docetaxel stock
solution preferably had a concentration between 20 and 80
mg/ml of active principle in the surfactant.
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surfactant. The paclitaxel stock solution had,
according to that invention, a concentration between
6 and 20 ng/mM of active principle in the surfactant.
The docet axel stock 30 solution preferably had a
caonce etween 20 and 80 ng/m of acgtjy
er?uéﬁﬁ%jQéghééa surfactant. 2009/083664%(:IT/%R2OO8/001410
PCT/ FR2008/ 001410 4 These solutions in the surfactant
optionally <contain small anounts of ethanol which nay

be dissolved in the perfusion solute but with

extrenely vigorous stirring, for exanple using a

vort ex- e apparatus. 5 The |Q¥Fnt|on escrib n. 11
Pat ent EPGS%671°91 v¥ mife it SosElh %pT%PEOISB tRea-+¥
gnmﬂnmamnIsmalbyamhentpreﬁl@mﬁap@ﬂenﬂuaﬁdrmherbéodessolved
CQH?'%HEQ EQ&&E%@B&'”Q ﬁﬁﬁe'”ﬁﬁ%fﬁwkéﬁ Hh99 vigorous
bet ween, t h& sol Ution of t axane- cl ass rlvatlves
|rﬁ?#ﬁ?%ﬂﬁﬁziﬂ?aﬁ%aﬁﬁéeaHséﬂ@e@u%OHKP%RﬂXRﬁ(ﬁPParatus
containing an additive that subsequently pronotes the

di ssol utlihen iofvesaiidhn mMcaiordthedt €.nsdattendn HM 0 téEL 912 has

Si S 3 AR we 1gsen f £Qm
DAAE 92 b Hben [nees B L eRIhRopTaan I LO® cne
prRERSFHCIURg Pélf-serltheafl@r FRErshosk Ceasgeltidd lﬁha@@ Ufging  an
| st frormd iReteweesn 1he: @il 5éfd:8&n cophal nlé&aguﬁ:ﬁan of the

t axane-cl ass derivative an

s s et SpBe D rBS: BoEFagkATondey S0 aqueous
prsnderitidrhe Eontatnibng of arhi sagélltedephasl'@,t t heub28quently
f‘BédﬁMﬂ&é\%Héedﬁégéiu%ﬁoﬁxé¥pk%§a 1in€khABRkate solution in

the perfusion solute.

These additives were chosen from the set of
additives that were capable of breaking up or preventing
the formation of the gelled phase that is formed between
the emulsifier containing the taxane-class derivative and

the water.

_ Among the additives that make 1t possible to break
up or prevent the formation of this gelled phase, the
following were given as examples:

- ethanol;

- glucose;

- glycerol;

- propylene glycol;

- glvecine;

- sorbitol;

- mannitol;

- benzyl alcohol; and

- polyethylene glycols.

The perfusions of docetaxel or of paclitaxel were

then injected into a person at a flow rate that was
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- glucose; - glycerol; - propylene glycol; 25 -
glycine; - sorbitol; - mannitol; - benzyl al cohol;
and - polyethylene glycols. 30 The perfusions of
docet axel or of paclitaxel were then injected into a
person at a flowrate that was WO 2009/ 083664

PR FRIGISPG68410 5 predetermined as a fun®FFRRgPO8/001410

the amount of active principl & that it was desired to
inject. Wth all the formulations of the prior art
nore or |ess mld anaphylactic shock phenonena were
observed, 5 which had been antici pated by
adn1n|strat|on prior to the perfusion, of an

amG iSRS dandf ord ¢ FEICtaSher BF d. EhANGHPU e PécenEtive

S@nincipd et BakchavewaBdgesirepossitird prevent the
appearance of these anaphylactic nanifestations,

for mil akieps Jhave arneaned Mele e dd t%f;h 4% more or

encapsul ated in an al’bum n-based enve
sdleEtsi ol pe evaEmE M Ies tdspeshanke mhemnmmmwla@rEC observed,

slwlqle& il bBenefHite ArRitds the aemh&gakgﬁn&nw ;plil:l.or to
hlst$n1nes and/ or cortlcoster0|ds and al

a& PnPSEFEELBR of & sT7 Y R aL 16 tal?d/é’EUEBHtéFaﬁt%Dld

effects relative to the solutions of the prior art.
This fémangatfon i secénr exabpteonsesthdtbechave Pateis it

U§os§i5§z,§39prevent the appearance of these anaphylactic
manifestations, formulations have appeared where the
taxoid is encapsulated in an albumin-based envelope. Thig
solution prevents the appearance of anaphylactic shocks
and therefore avoids the pre-treatment with
antihistamines and/or corticosteroids and allows the
administration of stronger doses with reduced side
effects relative to the solutions of the prior art. This
formulation is, for example, described in Patent US
6,537,579.

Patent Application Us 2003/0099674 claims
lyophilised compositions composed of a taxoid dissolved
in an oil droplet that is encapsulated by a surfactant.
This lyoprhilised formulation does not collapse and does
not degrade during storage. The o0il described contains
medium-chain triglycerides (Miglyol 812N or MCT) and
soybean oil, amongst many other oils. It is written on
rage 7 [0072] that these 1lyophilisates suffer fewer
losses and less deterioration than liquid emulsions. It
is alsoc mentioned [0089] thaﬁ the emulsion, when it is
prepared, must be subjected to lyophilisation within a
matter of hours or minutes, and when it is reconstituted
the lyophilisate must also be used within a matter of

hours or minutes.



Pat ent Application US 2003/0099674 clains |yophilised

conposi tions conposed of a taxoid dissolved 20 in an

oil droplet that is encapsulated by a surfactant. This

| yophi lised formul ati on does not col |l apse and does

not,.-d LNng storage. The oil describe I

neg$hgggggﬁﬁgg$ﬁglycerides (ng%yol 812N or %Eﬁfﬁ%%@&§/001410

soybean oil, anpongst nany other oils. It is witten on

25 page 7 [0072] that these |lyophilisates suffer fewer

| osses and | ess deterioration than I[iquid enulsions.

It is also nentioned [0089] that the enul sion, when

it ihs pmepar ethe rﬁfJ%hnﬁl(ésSUbJj’aﬁﬂee@tdels}tgm\?ﬁbiSs@lliu(thlons of

W thin. tt.er of ,hours or ninufes, .an en it.is

e BORULFETrbd 30 OhE Foih {PEbTR st oS oshBbIEEY after

W bhien mennht tear OF iBodbsdorfad Nt ESyo MZA0860B3868401i1. A

PCT/55§008/0014%0. 6‘An0n%Ethe ex | es, Table %
|

is also

deS§erI' ™ sof GEFBNE“BY  BALFT t a¥&FRi nSEPR™GI t R
5| edeshribbedheir stability after one nonth at AT is
good for Mglyol and soybean oil. A solution
cont ai nj t Wi esane oiJl,is als 5 descri bed.
Arong. Riddel el HPERATE Dopeatadh Uiy " AEIHIPEY e

| ybpbibhibasate orminlistsadaibiiltitéescanriréddoatt att - 2D°C over 1

OVEBnEh Al hd@é :ﬁ:?es I QﬁgSeThs S%i%.ti%bl l(':ctuyditio de not

conditions do no exhi bi't "any "advantage conparednio

t hexkobitt | arg ddsznidme ddmpardded it palentenaniddscribed
1o Fegardptogtheir LLi oyr j ective .bei t.Q .

obt ai n rgaggsgppégggk%r%%th?gﬁgg h§% %ﬁ%ﬁ%ﬁ%ﬁ%q¥%iﬁ§‘ our

atobiectivnebyiay 40 abtRént readertat-wse. fhumidiéions that

fogrul @td,ons Afs always shepng §8H9h£tt£ﬁ£ient temperature.

To date, formulations are always being sought that

make it possible to administer sufficient doses of

15 taxoid-class agents while avoiding using surfactants of
the polyoxyethylenated castor oil or polysorbate type,
and in which the taxoid is stable at ambient temperature
and 1s in a liguid form that can be mixed with the
perfusion solute without the appearance of physical

20 phenomena that result in phase separation, that is to say
either the precipitation or the separation of liquid
phases. In addition, formulations are sought that make it
possible to administer the taxoid as a bolus while

avoiding perfusions.

25 In addition, the desired formulation must allow the
product to be kept stable at ambient temperature over
time and must prevent the degradation of the taxoid, for
example via hydrolysis.

The present invention responds to these objectives

30 and relates to an emulsion, bkased on a pharmaceutically
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make it possible to adm nister sufficient doses of 15
taxoi d-cl ass agents while avoiding using surfactants
of the pol yoxyethyl enated castor oil or polysorbate
type, and in which the taxoid is stable at ambient

teqﬁerature and is in aliquid formthat can be m x
W/ Be¥fidsi on sol ute without the appe&K5H€§2898/001410

physi cal 20 phenonmena that resdlt in phase separation,
that is to say either the precipitation or the
separation of liquid phases. In addition,
formul ati ons are sought that neke it p035|ble to

adm ni ster. the taxoid as a bolus while avoiding,
pAFIRRGRLe 5] iitadeR tSonin t Hee dRSPFCT P Ful @t ihin or a

Musdmial dvoHde ¢ phodpablipile keptcstiabieim) itebid.
tenperature over tine and nust prevent the

degradat,{ o 0 thteh HeQiRld 0 11?@@%@ dbPe oils, mention

hydr ol ysi's. esént 1 nven res
objaet they é@ad%ménaoym@m esll ouaed en%ume ofr bas é@d@nmacham

phafgmeeyt | e@agyy&@f,e@@@/ %%%%ECME%QQS# owmmm used
ac ept abl e oi.l ter.in the.presenc | ecithin
B, S ee ST PIESERON: b SadSEORL8l FPngPEne mikture

t axoi shybsdmongit henﬂhw‘:rracam I matd o deoeptEid ewoidlst ratio

ggﬁ%bﬁg%ha|€23n”?%§ g&oﬁﬂ%fﬁgﬁﬁgér|%E§§33%ﬁn§sor of

nglonTM or MCTTM used _alone, or else preferab
i s possiBPfe atlfdOra I xEeFmed obYs&ye l%noofK/cﬁroybean
I mrpaeggcmaﬁtmlme wert gfdraisliv Oegaf '_Iteh:&tSﬁ.y)bea@cl@I last othat

t ﬁf &&y%?rtﬁ E%a& arﬁhilggEhSI h|n ifqéges g¥e£9§t1al

Ition Oof soybean ecCl
egﬁqlégpph|no§uchaas pﬁ@ﬁphatldylchollne, which is

zwitterionic surfactant.

The emulsion has a better physical stability when
the lecithin or the phosphatidylcholine is combined with
an anionic phospholipid chosen, in particular, from

phosphatidylglycerols or phosphatidic acids.

Among the phosphatidylglycerols, mention may be
made of dilaurcoylphosphatidylglycerol (DLPG) , di-
myristoylphosphatidylglycerol (DMPG) or dipalmitoyl-
phosphatidylglycerol (DPPG) . Among the phosphatidic
acids, mention may be made of the scdium salts of
dilauroylglycerophosphatidic acid (DLPA), of dimyristoyl-
glycerophosphatidic acid (DMPA) or of dipalmitoylglycero-
phosphatidic acid (DPPA).

The weight ratio of, respectively, the lecithin or
of the phosphatidylcholine to the phosphatidylglycerol or
to the phosphatidic acid is preferably between 500 and 3
and more preferably still between 100 and 10. Among all
the anionic phospholipids, dilauroylphosphatidylglycerol
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sol d under the trademark Lipoid E80, or by
preferential addition of a phosphatidyl choline, which
is a zwitterionic surfactant. The emnul sion has a
better physical stability when 15 the lecithin or the
phosphatld Icholine is conbined with an anigni
A3/ %ied éhosen, in particul ar, from PCT/FR2008/001410

phosphatldylglycerols or phospRatidic acids. Anong the
phosphati dyl gl ycerols, nention may be made of
di | aur oyl phosphati dyl gl ycerol (DLPG, di- 20
nmyri st oyl phosphati dyl gl ycerol (DMPG or dipal mtoyl
phosphat.i dyl gl ycerol (DPPG . Anobng the phosphati dic
aciuSTSFEREFHn may be made of the sodiumsalts of
di | aur oyl gl ycerophosphati di ¢ acid (DLPA), of
di nyri syl pHgbycehepliosphattion maydo¢ DM@NLsoed dbetween 3
dipa m 4Ryl 5 sp i

e e o o PR RE P R FP TR 4 Fred co
pﬁ&@&hé:thed)ﬂfﬁhm i Plalsg or?%@fpho@?ﬁ%%bhyl it yeerlpinafpion gwith
tlag; phesghat }I‘Hécblla@fﬂeis ﬁef@!&@ﬁfgg@t W@Bt@@%ﬁgnd Bt is
an refera n an : ng
TR E Rl P onBetonsEbhobPpi JOMIg; OF it Sy SHIRpE  the
i @plluglipo. eﬁhelaw£ﬁ2@99b®83éﬁdbeTtﬁﬁﬁéﬂ8£ﬁ@m4Hﬁdr6chloric
I 9cRKef e p tion may be
adj ust ed Eggaegﬁg% $£q; fngj é?on of acid.
Prefera buffer.,is used to keep the pH.in thjs
region,%b%s§FBF9nFﬁlE%nﬁ n&tPof WIHHOB Fivadidd.aoprsted by
bafifiétips pfefeyadtyl histidine. It is preferred to
use 5MMto 50mM of histidine in the solution. The

aci d i srprekerahlypghosen Jdorm hydr oehkQibGo1 for ease of

preparing the formulation.

Preferably, the weight composition of the
formulation is within the following limits:

- oily phase 10 to 30%

- lecithin or phosphatidylcholine 0.6 to 5%

- phosphatidylglycerol 0.01 to 0.2%

- glvycerol 0 to 2.5%

- ethanol 0 to 2%

- water gs for 100%

The preparation of the emulsion is preferably
carried out using a microfluidization apparatus or a
high-pressure homogenizer so as to obtain droplets having
a size between 100 nm and 1 um and preferably between 100
and 500 nm. Formulations where the average size of the
droplets 1s Dbetween 150 and 350 nm are even more
particularly preferred. The final formulation is inerted,
preferably by nitrogen or by an inert gas that does not

contain oxygen.



acid, citric acid or ascorbic acid. The isotonicity of
the solution may be adjusted by 10 addition of
glycerol. It is possible to use 0 to 2% et hanol for
ease of preparing the formulation. Preferably, the

mei ht conpasition of the formulation is wthin the
éﬂ%GQ%jQ%3ﬁﬁ#s 15 - oily phase 10 to 30%?0T/FR2008/001410

IeC|th|n or phosphatldylchollng 0.6 to 5% -
phosphati dyl gl ycerol 0.01 to 0.2% - glycerol 0 to
2.5%- ethanol 0 to 2% 20 - water gqs for 100% The
preparation of the enulsion is preferably carried out
usi ng a crof |l ui di zat,i on apparatuys or

hi gh- pr é58ur@Hoiigéti P8 < a§CF6V6bEEFHCdP&E|é?% formula
ha(\nj)ngoracs‘i Zéoblﬁ't’ﬁ]l\&er(I][@O aue afdsd g:maaﬂdlpmgf’ﬂaldryd are

%Ha&@%é F%Eﬂ Q0 i moEeL HE%QFHSHS ?@ So 3%0 and

ave ge Si dro | 6C5 ween
nrd é?gé“@véﬁdnﬁréfeﬁabﬁc@rwm@ bresf/gtlr-ed. The final
formulation is inerted, preferably by nitrogen or by
5 ggoinggmggaaSEE?tldggg}ggaﬁigaagaiﬁb@dyﬁ@ﬁe ¥Wrly with the
e_cancentratigns_o
o B A B e gt K
arcerisdsleredans| Ol hinandharvedgagi.al |y used at a
concentration between 0.5 and 6 ng/m and preferably
amsamdrsg ng/ M. 5 The invention will be described nore
fulTy Wth the
1 g of DPPC and 0.03 g of DLPG were dissolved at 60°C in

10 a mixture of MCT (10 g), soybean oil (10 g) and ethanol
(0.4 g).

0.4 g of the compound of £formula (I) was dissolved in

lipid solution obtained previously.

2.5 g of glycerol were added, with stirring, to 75.7 g of
Is a 10mM aqueous histidine buffer until a homogeneous

mixture was obtained.

The agqueous phase was added to the oily phase and the
whole mixture was homogenized in a mill (Ultra-Turrax)
before passing into a Microfluidizer (11 cycles at

20 11 000 psi). The size of the droplets cbtained was around
250 nm.

EXAMPLE 2:
1 g of DPPC and 0.03 g of DLPG were dissolved at 60°C in

a mixture of MCT (10 g), soybean oil (10 g) and ethanol
25 (2 g}.

0.4 g of the compound of formula (I) was dissolved in lipia

solution obtained previously.
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aid of the foll ow ng exanples, which should not be
considered as limting the invention. EXAMPLE 1. 1 g
of DPPC and 0.03 g of DLPG were dissolved at 60C in
10 a m xture of MCT (10 g), soybean oil (10 g) and

et hanol 0.4 g). 0.4 g of the conmpound of formula (1)
Wl d09Sd| 6664n | i pid sol uti on obtai ned pP@WVSB@Pé 8/001410
2.5 g of glycerol were added, Mith stirring, to 75.7 ¢

of 15 a 10mM aqueous histidine buffer until a.

honbgeneous m xture was obtai ned. The aqueous phase

mas added to the oily phase and the whole m xture was

oo o pareel el poay ChAEY 5pBRLeRE PETI 8% ¢ o
The B0mé¢ sfruebes didgpitetisnebtaififed wakiwatmdhdto 268 rfm (HCL)
EXAVELE ZhOPnogS%EoQEP 1 20 0- 03 %%ﬁ%ﬁ g)ef esoybean

dlssolved a m xture of
oil (10 g) and ethanol 25 (2 g). 0.4 of the
cOmsorriestud ophara WAF wdedl sSel e mlhr pbhase and the

S Qhidf1 0 R 1901 RN Gk PTGV, JkedV\Qr?O@% 088664-Turrax before
PCT/ FR2008/ 001410 @10 2. of glycerol were added,

WPEIS S30Pr AR, atdﬂlrsfoﬂgu@rlzeé 13fAvViagdesus thilsk i hepsi) .
b@EkﬁgléglH?tggetgrgﬁtéEéfﬁgﬂaldEH'ﬂasaaggﬁﬁaeﬁgguﬁm.

m xture was obtai ne The aqueous phase was added to
the oily phase and the 5 whole m xture was
hexayenezae in the Utra-Turrax before

1.2 g of Lipocid E80 and 0.03 g of DLPG were dissolved at
60°C in a mixture of MCT (10 g) and soybean oil (10 g).

0.4 g of the compound of formula (I XRP9881l) was

dissolved in lipid solution obtained previously.

2.5 g of glycerol were added, with stirring, teo 75.7 g of
a 10mM aqueous histidine buffer until a homogeneous

mixture was obtained.

The agueocus phase was added to the oily phase and the
whole mixture was homogenized in the Ultra-Turrax before
passing into a Microfluidizer (11 cyecles at 11 000 psi).
The average size of the droplets obtained was around
140 nm (Dvsg) .

Physical stability after 1 month at 60°C: sizes unchanged
(DV50 and DVQO) .

-EXAMPLE 4:

1.2 g of Lipoid E80 and 0.03 g of DLPG were dissolved at
60°C in a mixture of MCT (10 g} and soybean o0il (10 g).

0.4 g of the compound of formula (I XRP9881) was



10

15

20

25

passing into a Mcrofluidizer (11 cycles at 11 000
psi) The size of the droplets obtained was around 280
nm EXAMPLE 3: 1.2 g of Lipoid E80 and 0.03 g of DLPG
were dissolved at 10 60C in a mxture of MCT (10 Q)
and so bean oil (10 gy. 0.4 g of the conpoun

f FPt @193 %¥5d881) was dissolved in lipid §3VE?@898/001410
obt ai ned previously. 2.5 g of b?ycerol wer e added,

with stirring, to 75.7 g of a 10nM aqueous hi sti di ne
buffer until a honpbgeneous 15 mi xture was obtai ned.
The aqueous phase was added to the oily phase and the
Whol £sdmivddine Was;oaBaeRk 28dobPaffeg Wid@ Uy rax
before paSS|ng into a Mcrofluidizer (11 cycles at 11
000 The average size of the_dropl ets obtained

WS - r%bf‘h% abirerad WRTEDASEEPhyeitEartiraprei t §afPef 9 of
1 ammbmabq@agussm%sum%armﬁfex( E%lcspu@i@d Dv@0ku 6 (HCL)

EXANPLE 4. 1.2 g of Lipoid E80 and 03 of DLPG were
Véd h&eogeeeeee Pﬁx’éuﬁ?x‘t’%? eo%tfali\?ﬁﬁg (10 g) and
soybean oi | (10 g). of the conmpound of fornula

(1 RPOS81 2009/08 64 PCT/ ER2008/ 001 19 11
di s%‘ol ‘\%%‘él Mol Phagesé'faustl 0%9 (gt 5° neta‘l pr%vé%u? y 2. agld the
ofwhst yec eniot tugesr evfaﬂdb@nowmiz@ilml nge Uot¥s-Tuprat before

1%@%@.@'&&'étﬁpéf@flwdl%reraddlliStcﬁg:ﬂé% F%Ji 612( Hedd psi).

un il honbgeneous tur mas obt ai ned. (i

AR WAE Ridetht oof LT yopiasied et naround 140
whmlanmmaLwe was hoanenlzed in the Utra-Turrax
bef ore

Physical stability after 1 month at 60°C: sizes unchanged

{(Dvsy and Dvag) .
EXAMPLE 5

1 g of DPPC and 0.03 g of DLPG were dissolved at 60°C in
a mixture of MCT (10 g), soybean oil (10 g} and ethanol

(C.4 g).

0.4 g of the compound of formula (I XRP9881) was

dissolved in lipid solution obtained previously.

2.5 g of glycerocl were added, with stirring, to 75.7 g of
a 10mM agueous histidine buffer adjusted to pH 6 (HCL)

until a homogeneous mixture was obtained.

The agueous phase was added to the oily phase and the
whole mixture was homogenized in the Ultra-Turrax before

passing into a Microfluidizer (11 cycles at 11 000 psi).

The average size of the droplets obtained was around
280 nm (DVSD) .



passing into a Mcrofluidizer (11 cycles at 11 000
psi). The average size of the droplets obtained was
around 140 nm (Dv50) . 10 Physical stability after 1
nonth at 60C. sizes unchanged (DV50 and Dv90) EXAMPLE
DPPC and 0.03 g of DLPG were dissol ved_at

51 of 60C
' iﬂm)%QQg%@@QQG&f MCT (10 g), gﬁ%bean oi | (18%gyFangoe/001410

10

15

20

ethanol 15 (0.4 g). 0.4 g of e compound of formula
(I XRP9881) was dissolved in |ipid solution obtained
previously. 2.5 g of glycerol were added, with
stirring, to 75.7 g of a 10nmM aqueous hi sti di ne

buffer adjusted.to pH 6 (HC1) 20 until a hopbgeneous
mP}’tYl?rl&aavaﬁégléilﬁéfd?f’FﬁE aqiesss Bﬁaé@c’%ssé%i%%du%hanged
t heowi landlase) and the whole m xture was honopgeni zed
inthe Utra-Turrax before passing into a

Mﬁ&&ﬂ{ i di.,zer (11 cycles at 11 000 psi). The average
ste—§k¥¥%é dropl ets obtai ned was around 25 280 nm

(DV50) . WD 2009/ 083664 PCT/ FR2008/ 001410 12 Physi ca

st;abigl i 1 n a C.. si q%%m- Ml
ar}dgg/é}o%“ %&%@LEE%& %J.qi‘)/g)é?gLPp?ifée%ﬁan O%Z%Ség of — 2t
DRGCOME e adimg Bblivedofit MCB 6DT d)n andriscvipeenopiMCT1019) -

g) and soybean oil (10 g). 0.4 g of the conpound of

fornul @ (loeXRRIZBLMBSundl Seel Ved i1 Li Pid SREPSSON  was
obt ai ned previously. 2.5 g of glycerol were added,
\Mq;ﬁsggppﬂihg’lg@1§5$qlgp%ﬁn obtained previously.

2.5 g of glycerol were added, with stirring, to 75.7 g of

WFI water until a homogeneous mixture was obtained.

The aqueous phase was added to the oily phase and the
whole mixture was homogenized in the Ultra-Turrax before
passing into a Micreofluidizer (11 cycles at 11 000 psi).
The average gize of the droplets obtained was around
140 nm (Dvsg) .

Physical stability after 1 month at 60°C: sizes unchanged

(Dvsy and Dveg) .
EXAMPLE 7:

1.2 g Lipoid E80 and 0.03 g of DPPA were dissolved at
60°C in a mixture of MCT (10 g) and soybean oil (10 g).

0.4 g o0f the compound of formula (I XRP9881) was

dissolved in lipid solution obtained previously.

2.5 g of glycerol were added, with stirring, to 75.7 g of

WFI water until a homogeneous mixture was obtained.

The agquecus phase was added to the oily phase and the
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WFI water until a honpbgeneous m xture was obtained. 10
The aqueous phase was added to the oily phase and the
whol e mi xture was honogeni zed in the Utra-Turrax
before passing into a Mcrofluidizer (11 cycles at 11

000. psi .. average size of the droplets_qgbtain
mdgjg¥%%ﬂﬂ9ég%%é nn1(%N50) 15 ngsical st abi Fi yF535§?/0°1410
1 nonth at 60C. sizes unchange (Dv50 and Dv90)

EXAMPLE 7: 1.2 g Lipoid E80 and 0.03 g of DPPA were

di ssolved at 60C in a mxture of MCT (10 g) and

soybean oil (10 g). 20 0.4 g of the conpound of

formula (I XRP9881) was dissolved in |Ijpid sqlution

o e oy, HoTangh ) S eFi HoF6" adubtex before
wigas ssitnigr riimigp, & MIScFE picfiz el (Matercled idt all 000 psi).

hospge 1 X1 S ahﬁgg; e p e

was adgggy?%glﬁ%H%fléqphggi an ﬁﬁ%nwmggﬂﬁgﬁ%%sgé% around
PAHOFRI0(BMe01-410 13 whol e ni xture was honpgeni zed in
th?IULtra-Turrax,before passin% into aowlcrofluidizer

( PRYSCPds 55@P111600255RY. 1 TRBTHVEFage st 28168 Hachanged
drgplsptsndhkapned was around 140 rim (Dv50) 5

Physical stability after 1 nonth at 60C. sizes

u%éggn ed (Dv50 and Dv90). EXAMPLE 8 1 g of DPPC and

0. DLPG were dissolved at 60Cin a mxture of

MCT (10 g), soybean oil (10 g) and ethanol 10 (0.4

gl 0.¢¥ @EHC tarel conmundo HfDLPE Mikde (4l s3RREDHE WeE°C in
a mixture of MCT (10 g), soybean oil (10 g) and ethanol
(0.4 g).

0.4 g of the compound of formula (II XRP6258) was

dissolved in lipid solution obtained previously.

2.5 g of glycerol were added, with stirring, to 75.7 g of
a 10mM aqueous histidine buffer adjusted to pH 6 (HC1)

until a homogenecus mixture was obtained.

The aqueous phase was added to the o0ily phase and the
whole mixture was homogenized in the Ultra-Turrax before

passing into a Microfluidizer (11 cycles at 11 000 psi).

The average size of the droplets obtained was around
260 nm.

COMPARATIVE EXAMPLE

The following example was carried out in comparison with
Patent Application US 2003/008%674 to show that
lyophilisation is a technology that cannot be applied to
the formulations of the invention because it gives rise

to an enlargement of the lipid particles of the
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di ssolved in |lipid solution obtained previously. 2.5 g

of glycerol were added, with stirring, to 75.7 g of a

10nmM aqueous histidine buffer adjusted to pH 6 (HCl)

15 until a honpbgeneous m xture was obtai ned. The

aqueous phase was added to the oily phase and the
@%ﬁt%@%s honmogeni zed jn the Utra- Fertrdx2008/001410

before passing into a M cr of | tf di zer (11 cycles at 11

000 psi). The average size of the droplets obtained

was around 20 260 nm COVPARATI VE EXAMPLE The

foll owi ng exanple was carried out in conparison with

Pat ent Application US 2003/0099674 to show t hat

| ySpHiR5$at-i on is a technol ogy that cannot be applied

to 25 the formulations of the invention because it

gi e MATERIALS0 AND HWETEPBSnent of the |ipid particles

of the WD 2009/ 083664 PCT/ FR2008/ 001410 14

i ehiMaterinlsVATERI ALS AND METHODS 1. 1. Waterials

Li poid E80 - batch 1031471-7/906: supplier: LI PO D KG

5 INRAWOESS12 REEEHse0Abhdhydr 28 SRR 0dd POID, ¥G.

Formula _Formula % Unit (g) RP9881* 0.340 0.002 0.007

4%%018?21217. 0 0.085 0.340 Lipoid E80 1.0 0.005

Owga%ose monochydrate.

Saccharose.

1.2. Formula

Formula % Unit {g)
XRPOGB1* 0.340 0.002 3.007
Miglyol 812 17.0 0.085 0.340
Lipoid E80 1.0 0.005 0.020
Purified water 66.6 0.333 1.333
Cryopreotectant 15.0 0.075 0.300
Total 100 0.5 2
Tyophilisate height 1 mm 6 mm

* pure, solvent-free product

1.3. Emulsion preparation method

1) Dissolution of the active principle in the oil.

2) Pre-dispersion of the oily phase in water + lecithin

using the Ultra-Turrax.

3) Homogenization through a microfluidizer at 11 000 psi

(11 passes).

4) Division of the emulsion into 2 fractions - Addition

of 15% maltose or saccharose.
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Purified water 66.6 0.333 1.333 ryoprotectant 15.0
0.075 0.300 Total 100 0.5 2 Lyophilisate height 1 mm
6 M 10 * pure, solvent-free product 1.3. Enul sion
preparation nethod 1) Dissolution of the active

principle in the oil. 2) Pre-dispersion of th LI
pﬁg%e?qoor?/\%Bér64+ | ecithin usi gg the Utra- 'P&%/g%?%%/ooulo
3) Honogeni zation through a mctrofluidizer at 11 000

psi (11 passes). 4) Division of ‘the enmulsion into 2
fractions - Addition of 15% nmaltose or saccharose. WO
2009/ 083664 PCT/ FR2008/ 001410 15 5) Spreading gs for

a fheigiftefink P abd & ABLGB) &¥ 0PN isad ienim. The
conditions applied are described below Freezing:

shel f _tenperature -45C - prodyct, tenperature -39C. 5 |,
Stﬁg?l i FEEP hil%ant’ejrcrni ehP8r SOGCE T1988 ARk r"je‘-’%ogeScrlbe‘jl
mgehar ? Besandayy dheIl atemf¥ratidre RESBAS 2-1. product
Bef ore | yophili %gél on 10 Size before addition of

cr SEANTS7250 nm (Coul ter N4+, measur enent

nmet hod: quasi-elastic light scattering). No change in

t Bsiiratdioner addiltfi ortatpearamapieot ettt s - ( befessgure 50
I Xn%pct}iolbia%a;ti on). 2.2. After lyophilisation

Secondary drying at 30°C.
2. RESULTS

2.1. Before lyophiligation

Size before addition of crveoprotectants 250 nm (Coulter

N4+, measurement method: gquasi-elastic light scattering).

Nco change in the size after addition of cryoprotectants

(before lyophilisation}.

2.2. After lyophilisation

2.2.1. Appearance and reconstitution

Appearance of the lyophilisate: no collapse or

shrinkage = correct appearance.

Reconstitution with WFI water: immediate
reconstitution, the emulsion obtained is of

homogeneous appeararnce.

2.2.2. Size after reconstitution

Presence of wvesicles having a size between 300 nm

and 10 um (metastable system).



15 2.2.1. Appearance and reconstitution Appearance of
the lyophilisate: no coll apse or shrinkage 4 correct
appearance. Reconstitution with WFl water: immedi ate
reconstitution, the enul sion obtained is of 20
haonogeneous _appearance. 2.2.2. Size after _
(5g%qq%ﬂﬁQ%ﬁﬁﬁPresence of vesjcles having &</7§2008/001410
bet ween 300 nm and 10 4n1(nEt%§tabIe system). WO
2009/ 083664 PCT/ FR2008/ 001410 16 No visible or
measured difference between maltose and saccharose,
nor between |yophilisate heights of 1 and 6 nm WO

2009/ 083664 POI £R20084094410:  1F fELALNSe Between maltose

Conpositions that can be injected in the formof an
emul si GRS RGN SdemiratPeeest trerhbkairtel heights of
conposead sef3 anmgnul si on based on a pharmaceutically 5
acceptable oil in water and on lecithin, conposition

in which the taxane is dissolved and corresponds to

the general formula (1) or (I11) below. CH3000 O
tBUOOCONH O OHHO (I) HO OCOCH3 OCOCBHS O
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x M0 OOw (CH3)3CONH O (~~) [/ OH HO H OCOCH
OCOC6H5 10 characterized in that they al so contain an
anionic surfactant. 2) Conpositions according to
Caim1l, characterized in that the pharmaceutically

accep oils are chosen from m xtures of soybean
oi‘ﬁga%@%ﬁ%%%m chain 15 triglycerides. FCT/FR2008/001410
Compositions according to Claiml, characterized in

that the lecithin is a natural |ecithin chosen from

egg lecithin or soy lecithin or a sem -synthetic

| ecithin chosen from phosphatidyl cholines. 20 4)

Conposi tions according to Cgaigps characterized WO

2009/ 083664 PCT/ FR2008/ 001410—1t8"in that the anionic
surfactant is a phosphatidyl glycerol or a
phosphatﬂ)diabn@ﬁgitiahs%ma@sbbhoaa aﬁge&eéaglhOtﬁbaE&m of
Lhar agt erized n_that .the gp hat i dyl}g% ycer ol is
chosen ont"'5 CSPFSEJPﬂ)WpFFSﬂJN ta§F 9oy class,
diganrastesy| gthosphatindykgbycepated DMRG) =or pharmaceutlcally
di paldpd@laphosphah i gyke, 0l ggr&{ {PRG);n 6 compos:.tlon in

Conpositions according to a| m 4 Qﬁar acteri zed
t M4t Gthe tPRospAERNII ¢ SacRus 7Rl erds @ r 6AT T PO urﬁo the
1Gsadrted dorthulaurayl gkycerppbesphat i di c acid (DLPA),
of dinyristoyl gl ycerophosphatidic acid (DVMPA) or of
di pal m t oyl gl ycer ophosphat i di@,a@ci d ( DPPA) .
tBuOCO-NH

9
" Y Qrent
0o
HO Y OCOCH,
OCOC H,
0
) MeO, §  OMe
(CH),CO NH O ()
¥ O
OH i INAO
nd Y T OcocH,

OCOCH,

characterized in that they also contain an anionic
surfactant.

2} Compositions according to Claim 1, characterized
in that the pharmaceutically acceptable oils are chosen
from mixtures of soybean o0il and of medium-chain

triglycerides.

3) Compositions according to Claim 1, characterized
in that the lecithin is a natural lecithin chosen from
egg lecithin or soy lecithin or a semi-synthetic lecithin
chosen from phosphatidylcholines.

4) Compositions according to Claim 1, characterized



10

15

20

25

7) Conpositions according to Claim1, characterized
in that the weight ratio of the phosphatidyl choline or
of 15 the lecithin to the phosphatidyl gl ycerol or to
the phosphatidic acid is preferably between 500 and

8) ositions according to Caim?7, characterize
?h?aqc‘é){})h%em “ht ratio is preferably bet we&t f@z@ogﬁdoomzo

10 20 9) Conpositions accordi ?ﬂ% to daimi1l,

characterized in that the pH of the fornmulation is
adjusted to between 3 and 7 by addition of acid. 10)
Conposi tions according to Caim 9 characterized in

that the ac d is.,chpsen from 25 hydrochloric acjd,

cit'ti EQ ‘Br 2R4EBI6i EUEERATanE) 1éoﬁpc¥§}oﬁp&'?§ldylglycer01
aomorailp‘lg:-apha@mlm dcidcharacterized in that a buffer,
which is histidine, is added. WO 2009/ 083664

PCT/ FR2%98/&9er%%qt1é%sla):c99ma' Eboe«ga@ﬁ%r d'c@lgr%gtﬁrlzed
Claiml characterized in t elsoton|C|t
cﬁggpn from

st i GHats Eﬁ?ustwqﬁhaéddiﬂllgéﬁcéffoél ycks ol
Qﬁﬂﬂ()sﬁjﬁdm@mo&@h@tddgggﬂ.?c&@l m 1, (SrLmharact eais@dikBoyl-

ht Si f the .fornulatio
PRt RS ATRIRST | [P, o g S estnpesan-
| eplividsinelor! Dﬁﬁ’@s}phatl dyI choline 0.6 to 5% -
phosphati dyl gl ycerol 0.01 to 0.2% 10 - glycerol 0 to

2.5% - @hharehbo@it@cl% according to Claim 4, characterized
in that the phosphatidic¢ acid is chosen from the sodium
salts of dilauroylglycerophosphatidic acid (DLPA), of
dimyristovlglycerophosphatidic acid (DMPA) or of
dipalmitoylglycerophosphatidic acid (DPPA}.

7) Compositions according to Claim 1, characterized
in that the weight ratio of the phosphatidylcholine or of
the lecithin to the phosphatidylglycerol or to the
phosphatidic acid is preferably between 500 and 3.

8) Compositions according to Claim 7, characterized
in that the weight ratio is preferably between 100 and
10.

9) Compositions according to Claim 1, characterized
in that the pH of the formulation is adjusted to between
3 and 7 by addition of acid.

10) Compositions according to Claim 9,
characterized in that the acid is chosen from

hydrochloric acid, citric acid or ascorbic acid.

11) Compositions according to Claim 1,
- characterized in that a buffer, which is histidine, is
added.



- water gqs for 100% 14) Conpositions according to any
one of the preceding clains, characterized in that
they are 15 admi nistered intravenously as a bol us.
15) Conpositions according to 3ny onﬁ of Lhe_ el
recegi 1 Iy, characterized in that the particles
ﬁa@g gégs?/zde%%ée en 100 nmand.1 gm 16) Met F&2008/001410
prepari ng conpositions accordihg to 20 any one of the
preceding clains, characterized in that the enul sion
I's produced using a mcrofluidization apparatus or a
hi gh- pressure honogeni zer.

12) Compositions according to Claim 1,
characterized in that the isotonicity of the solution is

adjusted by addition of glycerol.

13) Compositions according to Claim 1,
characterized in that the weight composition of the

formulation is within the following limits:

- o0ily phase 10 to 30%

- lecithin or phosphatidylcholine 0.6 to 5%

- phosphatidyiglycerol 0.01 to 0.2%
~ glycerocl 0 to 2.5%

- ethanol 0 to 2%

- water gs for 100%

14) Compositions according to any one of the
preceding claims, characterized din that they are

administered intravenously as a bolus.

15) Compositions according to any one of the
preceding c¢laims, characterized in that the particles

have a size between 100 nm and 1 um.

16) Method of preparing compositions according to
any one of the preceding claims, characterized in that
the emulsion is produced using & microfluidization

apparatus or a high-pressure homogenizer.




