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PCT/ KR2007/ 002479 RO KR 12.07.2007 Title STABLE

PHARMACEUTI CAL COMPOSI TI ON CONTAI NI NG DARERACR2087/402479
METHOD OF MANUFACTURI NG THE SAME 5 Technical Field The
present invention relates to a stable phar mac&RO/MER 12.07.2007
conposition for injection containing docetaxel and a
nmet hod of preparing the sanme. More particularly, the
present invention relates to a pharnaceutica
conmposition for injection containing docetaxel wth
T.ﬂirrproved storage stability as conpared to those 10 of

% onventional medi cati ons, prepared by dissol ving

docet axel, a water-insoluble conpound, in distilled

watSTABLEE! FHARMACEUTICAN C! odONMPOSITEON andCONTAINING
wat er - sol ubl e pol yner such as hydr oxypr opyl

net hyl cel | ul ose (HPMC), pol yet hyl ene | ycol (PEGQ or
DOGET AEly AN Ao MUBHOD P AN FA GHRING EHE SAME

m xture, and a nethod of preparing the sane. 15

Background Art Docetaxel is an anti-cancer agent

effective in treating non-small cell lung, breast,

ovari an, head and cervical cancers. It is commercially
TechmieallBEiblde under Taxotere(r) by Sanofi-Aventis.

Docetaxel is a highly Iipophilic sem synthetic taxoid

.002479 KR 12.07, 200
1 Fl)%y {)ﬁ%ggg inventlyon relates to a stabge pzlarmaceutical composition for

injection containing docetaxel and a method of preparing the same. More
particularly, the present invention relates to a pharmaceutical composition for
injection containing docetaxel with improved storage stability as compared to those
of conventional medications, prepared by dissolving docetaxel, a water-insoluble
compound, in distilled water after mixing it with cyclodextrin (CD) and a water-
soluble polymer such as hydroxypropyl methylcellulose (HPMC), polyethylene
glycol (PEG) or polyvinylpyrrolidone (PVP) and lyophilizing the mixture, and a

method of preparing the same.

Background Art
Docetaxel is an anti-cancer agent effective in treating non-small cell lung,
breast, ovarian, head and cervical cancers. It is commercially available under

Taxotere® by Sanofi-Aventis. Docetaxel is a highly lipophilic semisynthetic taxoid
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but is alnost insoluble in water. Docetaxel is

currently distributed in a blister cart R2007/002479
consi sting of one single-dose Taxotere contai ni ng

docetaxel dissolved in polysorbate 80 vial aROFKR 12.07.2007
si ngl e-dose solvent for Taxotere containing 13% (ww)

et hanol vial, wherein the above two are m xed together

to prepare a 5 premx with a solubility of 10 ng/nL

and then added into an infusion bag containing

hysi ol ogi cal .sal i ne solution. The final, infusion, . .
but BB ReAEG e Docepseils cureay, ehited in a blister
ranging from0.3 to 0.9 ng/nL. If the concentration is

cartdl %h%ka%@ a&&ﬁﬁ%rggl O orle iR 1B RY0sRP AGRbtdRE € @blﬁ’ﬂ'ahﬁhgolagcetaxel

I n "addi ti on, sensitive “reaction nmay occur d

. the use of polysorbate 80 and the presence of ethanol o
dissakegd ir1 polysorbate Bl¢evialearst poe singladost solzest fiirskaxotere cantaining
met hod of using PEGylated vitamn E as a surfactant

1% ) AL S o B e B prepoe

1000 succinate). But, they failed to obtain a stable
premdQn@ithi hi solubilityabhildg ngy Mhbhasdndent bdte@nindd an infusion bag

docet axel . 15 Korean Patent No. 310839 discloses a

nmet hod, of, preparing a _pol yvinylpyrrolidone matrix and
contaning, ghysiolgeasal sakipg solificn. nkheo fingh infysiog) splution shepld have a

as pol yoxyet hyl ene gl ycerol ricinol eate, polysorbate

doceBlkel RBAYHPAROE o Adgh 029y e@.byxgxgz?nlg.l #Ce ESncentration is
obt 'S

ain an i1 njection. "However, the ab6Ve invention
al so not advantageous in that the substances that nay
highémidhaod). 2 lnegyholi tharemay appFdreoipitaied 19 adeiddR hypersensitive
12.07.2007 hypersensitive reaction (ethanol and

reac oqr{ Xl%?fro%%ﬁl? dgg )to #Husd'S lﬁ(()jl%%lc')rbate 80 and the presence of ethanol may

incur side reactions.

WO 98/30205 discloses a method of using PEGylated vitamin E as a
surfactant and US 2004/0127551 discloses a method of using vitamin E TPGS (D-a-
tocopheryl polyethylene glycol 1000 succinate). But, they failed to obtain a stable
composition containing a high concentration of docetaxel.

Korean Patent No. 310839 discloses a method of preparing a
polyvinylpyrrolidone matrix and mixing it with anhydrous ethanol and a solvent
such as polyoxyethylene glycerol ricinoleate, polysorbate 80, anhydrous ethanol and
polyethylene glycol to obtain an injection. However, the above invention is also

not advantageous in that the substances that may induce alcoholism or
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WO 99/ 24073 filed in 1997 discloses a nethod o

i ncrease the solubility of docetaxel in 1%&(352007/002479
usi ng cyclodextrin instead of a surfactant. More
particularly, docetaxel is dissolved in a smRO/KR 12.07.2007
anmount of ethanol and the resultant solution is 5

added to a 5 % dextrose sol ution of

acetyl -y-cycl odextrin (Ac-y-CD) or

hydr oxypr opyl net hyl - (3-cycl odextrin (HP-R-CD). Then,

o R0 SRR S iSRSl 11

| yophilization is perfornmed to obtain a wanted

| youOi 99 28073 $IBO$h 11997 didt1Skst A bh&hodl toeithcFeabe Th®ksolubility of
docetaxel to cyclodextrin is from1:25 to 1:400 based

on weight. An 10 injection obtained by further )
doceineliin wgterey nsing ayshadepiiap ingtead of 8 siplastantonMaye pasticularly,

% dextrose solution has a concentration of 0.3-1.2

. p n I . .

docefel'ts SALCRAEPPS, ol of BIEHC] Bind® HEP kestfnd Yolution is

probl em that the ethanol used to dissolve docetaxe
addedhytoncd be %! ideixtr@be d soltibnpr¢fci quetydty-oyclodyxteiac WAJG-§-CD) or

the 15 resultant liquid conposition has a | ow

docet axel concentration, Furthe sipce lyaphilization
hydrogy BranyameEy a-turlogex i i(ﬁg’-g@hociﬁs&e etthanol' ° removed as

concentration of the liquid conposition to 0.5-1.25

mucH%YsTbossiBle ‘ é%%ﬁ%ﬁ%&%?%&ﬂ@r 8 ag?t%te.l e8dbdtguently,

to a small oughput for a single b t he
same | yophilizer. Besides, when the resultant

lyophiliggtiphiis perfornmpd 4o obtainjaswentesldlyephilineddiompesitipnr A suitable
use, its physical 3 PCI/KR2007/002479 RO KR

mixef Gy G 9oefhie et BB et DS LA33E 120 o onwgishe an
solubility 10 nmg/m, which is the solubility of the

injectian @beaifed by ferrther dilitifig e resultant lyophilized composition ina 5 %

dextrose solution has a concentration of 0.3-1.2 mg/mL and enables to maintain

physical stability for over 72 hours.

However, this invention also has the problem that the ethanol used to
dissolve docetaxel may not be eliminated, and precipitation may occur if the
resultant liquid composition has a low docetaxel concentration. Further, since
lyophilization is performed after adjusting the docetaxel concentration of the liquid
composition to 0.5-1.25 mg/ml, the dried substance has a large volume, leading to a

smaller throughput for a single batch of the same lyophilizer. Besides, when the

resultant lyophilized composition is dissolved or diluted for use, its physical
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In case an injection for clinical admnistration is

prepared as disclosed in the patent by dPESfKR2007/002479

to a docetaxel concentration of 0.5-1.25 ng/niL using 5

% dextrose 5 or 0.9 %saline solution, about TSO/KR 12.07.2007

ng of the substance should be used considering the

clinical dose of 100 ng/nR2. Consequently, about

150-200 nmL of diluent is required and it is very

difficult to prepare the required injection.

Accordjngly, there js still a need.for the devel opnent
stabiffy rdld traranecats P resptap DT Elech SOmPRHsRT Gpes not have
"~ inproved storage stability and solubility 10 as

the semage@o Qo LADS WiRkh @ﬂ%?mlhlaﬂﬁ# Jf thEtRbtE sPH-1HBESolution.
not reéquire a harnful solubilizing agent such "as

pol ysorbate or ethanol. Disclosure of the Invention
In caye ahrinjegtiopfebrlénicalbadiminipiratients preparedas distipsast iedthe patent
the present invention by devel oping a pharnaceutica

ey oFRIRATLIY @l B RSO R B Bic b ¢ dexos

t hose of conventional agents by conbi ni ng

or 0¥atkrsadlingosselationd edbeiu@xtd0-200 fing of the substance should be used
hydr oxypr opyl - p-cycl odextrin and a water-sol ubl e

con o S o B e Rtk i .o

12.07. 2007 or polyvinylpyrrolidone (PVP) in distilled

diludiftiFeculred TIPS VoS & ik b f@f@ i .

n aqueoe sol ut1 ons. %@corgﬂ]gl y?ﬁr«ﬁ%r%%?e:ct 0 edghiécﬁﬂn
present invention is to provide a stable
phacoacknglyc atherenposstill on freedi dpecthondemlopinenhgof a new
docet axel and a net hod of

pharmaceutical preparation that can offer improved storage stability and solubility

as compared to those of conventional formulation and does not require a harmful

solubilizing agent such as polysorbate or ethanol.

Disclosure of the Invention
Technical Problem

The present inventors completed the present invention by developing a
pharmaceutical composition for injection containing docetaxel with improved
solubility and stability as comnpared to those of conventional agents by combining
water-insoluble docetaxel with hydroxypropyl-p-cyclodextrin and a water-soluble

polymer such as hydroxypropyl methylcellulose (HPMC), polyethylene glycol (PEG)
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5 preparing the sane. Techni cal Solutlon The resent
invention relates to a pharmaceutical codped, /&(MOQ%/002479
injection containing docetaxel wi th superior storage
stability conprising docetaxel, 10 cyclodext RO/KHR 12.07.2007
wat er - sol ubl e pol ynmer such as hydroxypropyl

nmet hyl cel l ul ose (HPMC), pol yethylene glycol (PEGQ or

pol yvi nyl pyrrol i done (PVP). The present invention al so
relates to a nmethod of preparing a pharmaceutica

|t|o for ecti.on containing docetaxel with
or piERpTEYEHp Y 6 P dRYST Wl ARG £B° SoH i afglocetaxel
and di ssol ving docetaxel with cyclodextrin and a

inan RlousQbHRlg. pol yner sel ected from hydroxypropyl
hyIceIIquse (HPMC), pol yethyl ene glycol (PEG or

pol yvi n rrolidone (PVP) in distilled water; 2)
st éyacoy ngér zan abjeqshof ithe npreseat ivwenticmtis niokpupeideoa stable
obtain a | yophilized conp05|t|on and 5

o LS PAARE o, Bt bbb v o

solution or a phyS|oIog|caI sal i ne sol uti on.
prephiingéhéleames given a detailed description of the
present invention. The present invention relates to
preparation of a stable pharmaceutical 5 conposition
for injection conprising docetaxel in high
concentration by dissolving docetaxel in distilled

Tech¥lf'SsiRAbAl Ni ng a water-sol ubl e polymer selected from

The present invention relates to a pharmaceutical composition for injection
containing docetaxel with superior storage stability comprising docetaxel,
cyclodextrin and a water-soluble polymer such as hydroxypropyl methylcellulose
(HPMC), polyethylene glycol (PEG) or polyvinylpyrrolidone (PVP).

The present invention also relates to a method of preparing a pharmaceutical
composition for injection containing docetaxel with superior storage stability,
comprising:

1) mixing and dissolving docetaxel with cyclodextrin and a water-soluble
polymer selected from hydroxypropyl methylcellulose (HPMC), polyethylene glycol
(PEG) or polyvinylpyrrolidone (PVP) in distilled water;

2) sterilizing and lyophilizing the resultant mixture to obtain a lyophilized

composition; and
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hydr oxypr opyl nethyl cel |l ul ose (HPMC), pol hyl ene

gl ycol (PEG or polyvinylpyrrolidone (P\ﬁ&%ﬁ&ﬂ07/002479

usi ng additive caused adverse effect such as _ethanol

or polysorbate. 10 The process of preparing aRO/KR 12.07.2007
phar maceuti cal conposition for injection containing

docet axel in accordance with the present invention is
described in detail herein below In step 1,

docetaxel is mxed with cyclodextrin and a

el B e eplTed, sinpoSbion n ST srPthE fay iRt solution

15 anhydrous formor a hydrate form Cycl odextrins

Oraﬁﬁyﬁoﬁ) dsgpRosslatieavi ty of regular size and protect
ydr ophobi ¢ conpounds from external environnment by

l odging themin the cavity. Typically, cyclodextrins
ar Elerpunder isgivema detpilododesgeptionwf thapespenbwention.
and y- cycl odextrin depending on the property and

pct PGS b Be TR PR TBchigRion ot o able Phppapocutical

cycl odextrin derivatives may be used in the present
compaositiohifon injedticat esmiprising docatakeldexttighnoniantraoa by dissolving
cavity dianeter ranging from6.0 to 6.5 ” or

derivati :
doce%%@ﬁ%@ﬁ&j g{l%etggcg{ggg(ﬁq?&d a %@%ﬁf . Ia}gclr]&mgr selected from
commercially available as injection and listed in

SR, SRSt PP pRSSITIEN Y gicel PEO) o

preferably 50-100 parts by weight, per 1 part by
polywiiydpyrroliddoe dP¥Xe I withéut ugimgoadditiviercaused sulyerse effect such as
excessively, the liquid conposition becones so viscous
ethah O }Iaotlysorbate.

The process of preparing a pharmaceutical composition for injection
containing docetaxel in accordance with the present invention is described in detail
herein below.

In step 1, docetaxel is mixed with cyclodextrin and a water-soluble polymer
in distilled water. Preferably, the docetaxel used in the present invention is in an
anhydrous form or a hydrate form.

Cyclodextrins have a hydrophobic cavity of regular size and protect
hydrophobic compounds from external environment by lodging them in the cavity.

Typically, cyclodextrins are classified into a-cyclodextrin, p-cyclodextrin and y-

cyclodextrin depending on the property and size. Other than the aforementioned
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cannot pass through 0. 22 ntfilter paper mell I
cyclodextrin is used too little, it is WRQ@QZ’OOZ479
attain suitable solubility and stability. For the
hydr oxypropyl - (3 10 cycl odextrin (HPBCD), one R@/KW 12.07.2007
degree of nol ecul ar substitution (MS) of 0.2-1.0,
nore preferably 0.4-0.8, is adequate. |If the degree of
nol ecul ar substitution is too low, solubility will be
poor. In contrast, if it is too high, the conposition
becopmes . t oo vi scqus, .t hus.making t he nd

threqyfiids, fther SyRlOGERtER. AoV e pBYY ks Used jBdel preset invention.
present invention to inprove 15 solubility and

Prefé‘rbatgﬂ -Epclddextfifis S‘;&'v%% ANcARE, dEhERS Q‘aﬁgﬂn?bfrbh{ %.to 6.5 O or
cyclodextrin. Typical pol’yet hyl ene g
pol yvi nyl pyrrolidone (PVP) carbo neth ceIIquse

derivativiey, theyeefoayer vpgd- cavlprg qave ter Wpyqpy]k&pyclodextrm
cellul ose (HVMO), hydroxyethyl ceIIquse (HEC) ,

o I (H . . .
(PR CRARUENY ccPRbPicidfy 1450881 ik fdectipp and! Jisged iy uropean
t he purpose. Preferably, 7 PCT/KR2007/002479 RO’ KR
PhaririacOpeiaDGs usydr oPyeferybly, optlbilexiein id ased (FHBOL)parts by weight,

pol yet hyl ene glycol (PEG or polyvinylpyrrolidone
n the resent i nvention, For
morwa?%@%yg‘%bf()d et isyb Revrighss &<t Hpest bynweiekyi ofgdgeetaxel.  If
vi scosity of 5-100,000 cps is preferable, nore

cycldéfeﬁﬁ@t’i Wlyed @%cé?s@‘(i'ell}s theMi asﬂotnb( &fltl&IQQ)eé'@&QQ sbPFiscdds that it

he viscosity of dr oxypr opyl th [ 'ul ose
(HPI\/C) is too low, its solubility and stablllty Wil |
canngepassatheoughy Ai2Ri ptmrftltqr paper ooell.r d€ cyclpdlextnin isi useddpo fittle, it is
Is too high, handling and preparation into an

imp 5o b8 SRl b ot SRER, i adver o propy L p-

nolecular wei ght ranging from 300 to 150, 000
cyclodextrin (HPBCD), one having a degree of molecular substitution (MS) of 0.2-1.0,

more preferably 0.4-0.8, is adequate. If the degree of molecular substitution is too
low, solubility will be poor. In contrast, if it is too high, the composition becomes
too viscous, thus making the handling difficult.

The water-soluble polymer is used in the present invention to improve
solubility and stability in the solution and increase solubility of cyclodextrin.
Typically, polyethylene glycol (PEG), polyvinylpyrrolidone (PVP), carboxymethyl
cellulose (CMC), hydroxypropyl cellulose (HPC), hydroxymethyl cellulose (HMC),
hydroxyethyl cellulose (HEC), hydroxypropyl methylcellulose (HPMC),

hydroxypropylethyl cellulose (HPEC), etc., is used for the purpose. Preferably,
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avai | abl e. Preferably, one having an average nol ecul ar

wei ght ranging from 300 to 10 600 is used€d/KR2007/002479

injection. Particularly, the products, which are

pernmitted to be used, having an average nol eROAKR 12.07.2007

wei ght of 300, 400 and 600, are used. And, for

pol yvi nyl pyrrol i done, one having a K-val ue rangi ng

from10 to 20 is preferable. If the K-value of

pol yvi nyl pyrrolidone is smaller than 10, its

solubility and stabjlity | decreasge significantl
hydrgxypranyl; trré%t@)élée@u@e? h@ﬂﬁMd:)g amiysﬁw&%neat | @HCoing §PEG)  or

an 15 injection will beconme difficult. The

- . q i 0r . . 1 ed i

poly $R BRSNS (FyPY REhstd 1R B o ot Bt o oS hygregyproy!

parts by weight, per 1 part by weight of docetaxel.
methiyicellvdosea@8PME1)) oné¢ bapimigyarwiscosity gga-liOH,Oﬂéspsm greferable, more

part by weight, inprovenent of solubility and

S Lo B e A sy

parts by weight, the conposition becones too viscous,
hy dréRipripyl frnbihgldeligl sed(HPHIT)NG tdbfIbWg Utst solibRityvainel stability will
injection uséd in the present invention may be any one
that can, be used as injection. Preferably, distilled.
decregse esigniicapHyectlnofon¥asfs dfi . ths viseositys is tteat high, UhangHing and
is prepared into a docetaxel concentration of 1.5-20

preth%(ed‘gtnhinlt(f) a{} Bﬁj[e&g(?ﬁ BOLS AL R fickT ! %’Wgﬁ)oﬁ;%ﬂglieﬁg gi‘%cm(PEG), there

roug a single batc
| yophili zer decreases, resulting in the increase of
are npargydpodduorts basing arl average masleculaf weightcanging fram 800 150,000
hi gher than 20 ng/nL, the viscosity increases wthout

avail%g{g; Eg"rri:l!ﬁgg]t{lg;/ (?%(%jl%ﬁl%% atnhaevesr(a)\!géJ ?xilcl)liectl.}ialg I/veggof(l:tega%)é?rllg from 300 to
600 is used for injection. Particularly, the products, which are permitted to be used,
having an average molecular weight of 300, 400 and 600, are used. And, for
polyvinylpyrrolidone, one having a K-value ranging from 10 to 20 is preferable. If
the K-value of polyvinylpyrrolidone is smaller than 10, its solubility and stability
will decrease significantly and, if it exceeds 20, handling and preparation into an
injection will become difficult.

The water-soluble polymer is preferably comprised in 0.1-100 parts by
weight, more preferably in 1.0-10.0 parts by weight, per 1 part by weight of
docetaxel. If the water-soluble polymer is used in less than 1.0 part by weight,

improvement of solubility and stability is minimal. In contrast, if it is used in
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10 sterilization process conplicated. In ste,lp 2. the

m xture solution is heated and stirred fdCL/KR2007/002479
stabilization and freeze-dried after sterilization to
prepare a |yophilized conposition. The stirri RO/KR 12.07.2007
performed in the tenperature range of 5-50 C,

preferably 15-30 C. The resultant mxture solution is
frozen at | ow tenperature and the pressure is | owered

at -50 to 15 80 C for lyophilization. The resultant

| yophj|ized c osi.tion.has white to, pale yellow .
exceis) b, 104 TS BT Fiaigits b o PO OO BBeTT e ORaLiscous, making
out standing stability against tenperature and

ﬁlter;}@glsjawas l’l{{gxaifﬁ'bﬁltcan be stored for a | ong period of
y

tinme, easi prepared into injection and can endure

the tenperature and humdity of the 9
PCThrreater fadpiertion Rep| i the preseobinveptiodunay ba any one that can
processes w thout being deconposed. Further, because

be u%ﬁha%r}?lkgzcﬁf){lm B%felaa%g%,.tdigﬁﬁed uz%tter%}( if8M4Esh is thgd.

ypersensitive react’ions are not present, t

conposition is not harnful to the human body at all.

| nThbatési’o].taﬁﬂ‘lﬁolhﬁonhis|préFdreQb intosa idoostaxel dohdenechtiohhef 1.5-20
di luent may be any 5 solution that can be used in

i njections, and preferably, water far Jinjection, .
g/ Bt rlb4Be CORERFAGTGS lawgh jhant gIF‘SéF“I@anhP Torauhpyta a single
for injection. The dilution is performed in two

LRSS o 1 408, R O R of procuctioncot.
prior to being prepared into the final injection. An

In candeasbaif ethe didngentyatiow ris dvighert tham 20 migtmiastbe viiscosity increases
2-20.0 nmg/ L, nore preferably 2.5-10 ng/nL. 10 If the

withéli(l)t';fuerﬁééra%Bg%ée@%g%egﬁormgﬂ@/orp‘docaetellxaerl,gren_a L1r%ge ghe following
sterilization process complicated.

In step 2, the mixture solution is heated and stirred for stabilization and
freeze-dried after sterilization to prepare a lyophilized composition. The stirring is
performed in the temperature range of 5-50 °C, preferably 15-30 °C. The resultant
mixture solution is frozen at low temperature and the pressure is lowered at -50 to -
80 °C for lyophilization. The resultant lyophilized composition has white to pale
yellow color.

The resultant lyophilized composition has outstanding stability against
temperature and humidity. Thus, it can be stored for a long period of time, easily

prepared into injection and can endure the temperature and humidity of the
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i ncreases cost and makes handling difficult. |lf the
concentration is higher than 20.0 ny/ nL P 70(902479
beconmes too viscous, making the subsequent dil ution
difficult. At the second stage, the |yophili R@/KR 12.07.2007
conposition is prepared into a clinically available
concentration of 0.2-2.0 ng/nL. The |yophilized
conposition is diluted 15 in a vial again with the
di luent used in the first stage. If the concentration
I s.lower than.0. 2 n, alar amount shoul d be

prodppgie PEacEi BB R AR B Al RIS RGue B fects S nce. t he
liquid conposition and |yophilized conposition
COP{iAthet, NBecatife REFAHTRAA0SIHEL ZtichtivEOHER thdy Gaud 1 persensitive
docet axel according to the present invention has
excel lent stability, it can be stored for a

reactiissAre Y04 prgsenbribe gemipsditian isinat hagadil tp the dyanaybody et all.
injection and al so can endure the tenperature and
hum dj ofy .t Cl | 0cess 3t h j
de b sisL 3 cfhe SpRUPRACARBORIBES AR TPHE dHIcRY mmay be any
pol ysorbate, the 5 conpositions are not harnful to

solutiorntteg . calbsteuseat irfChyjestiong, aud prieterhblye mtdtenfderiagdction) dextrose
and presently preferred enbodi nents of the present
Lnvention are . illustrated as. shown  in the fallow ng

solutigm, Rp rahySneiel saliie aplfHoReioR JBIEkPmt chie d@upiggis performed
those skilled in the art may, in consideration of this

in vl SEARSU A WRBKArAOAALd el BROPHADAA BREPUSHRA isillBk with 2
t he irit and scope ®f the’present invention.
Exanples 1 to 12 32 ng of docetaxel trihydrate,

variety if adijysndp piriaretohbeingl prapaged (rfeMbe final injection. An adequate

dilution concentration of docetaxel is 2-20.0 mg/mL, more preferably 2.5-10 mg/mL.
If the concentration is lower than 2 mg/mL, a large-sized vial has to be used, which
increases cost and makes handling difficult. If the concentration is higher than 20.0
mg/mlL, the solution becomes too viscous, making the subsequent dilution difficult.
At the second stage, the lyophilized composition is prepared into a clinically
available concentration of 0.2-2.0 mg/mL. The lyophilized composition is diluted
in a vial again with the diluent used in the first stage. If the concentration is lower

than 0.2 mg/mlL, a large amount should be injected to a patient.

Advantageous Effects

Since the liquid composition and lyophilized composition containing

10
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15 poI yvi nyI pyrrol I done (PVP) and
hydr oxypr opyl - p- cycl odextrin (HPBCD) wer PCEKR200/002479

di ssolved in distilled water for injection at room
tenperature as shown in Table 1. The sol uti oR@KR 12.07.2007
filtered through 0.22 mfilter paper and sterilized.
After solubility neasurenent, the filtrate was frozen
around -80 C and freeze-dried to obtain a |yophilized
conposition. Solubility was nmeasured by liquid 11
2 KR 12. 7

e L g A A

Exanpl e Exarrpl e Exanpl e Exanpl e Exanple Exanple 1 2 3

9
for aicscgng@dexgﬁlégkﬁi%gglgéd lept%%% @as?ﬁy ﬁ_gb)paﬁ'éd bny ﬁ%&t{(ﬂgin&/'also can

- 6300 1.0 PVP K-12 90 450 - - 90 - (mg) K-17 - - 90
endwggghe Wegpermyuse jandeumidiy ¢fothel praduction priocedses without being
injection mL Solubility 3.9 3.8 5.2 5.1 3.0 3.1

decomposed.  Further, due to the absence of ethanol or polysorbate, the

compositions are not harmful to humans.

Mode for Carrying Out the Invention

Practical and presently preferred embodiments of the present invention are
illustrated as shown in the following examples. However, it will be appreciated
that those skilled in the art may, in consideration of this disclosure, make

modifications and improvement within the spirit and scope of the present invention.

Examples 1 to 12

32 mg of docetaxel trihydrate, hydroxypropyl methylcellulose (HPMC) or
polyvinylpyrrolidone (PVP) and hydroxypropyl-p-cyclodextrin (HPBCD) were
weighed and dissolved in distilled water for injection at room temperature as shown
in Table 1. The solution was filtered through 0.22 pm filter paper and sterilized.
After solubility measurement, the filtrate was frozen around -80 °C and freeze-dried

to obtain a lyophilized composition. Solubility was measured by liquid
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(rTg/ I\/L) CI assi f| cati on Exanpl e Exanpl e
7 8 9 10 11 12 Docetax
9000 -
6300 1.0 PV, K-

Exanpl e Exanpl e
trih drate (ng) M 4500 -
9000 -

96 96

0.6 (ng) M= - 4500 -

6300

- _HPBCD

Eﬁﬁfﬁtﬁgmomm

ROJKR512.07.2007

- - 90 - (nmgy) K-17 - - 90 360 - 450 Distilled water
for 999999 injection (nm) Solubility 6.6 6.8 5.3
5.2 5.4 5.5 (ng/M) Exanples 13 to 24 5 30 ng of
anhydrous docet axel , poI yvi nyl pyrrol i done (PVP), HPMC
I
chroﬁgaé g‘% )‘/%l opy+§ %?‘%y @fg&n HPBCD) were 12
PCT/ KR2007/ 002479 RO’ KR 12. 07. 2007 wei ghed and
Tabldilssol ved in distilled wat er. for [ nJ ection at room
tenperaturergasShpw-_inja Tt e —wea
Chiihestosh 1 1 BUGIPE. DETH P | Brorialey fﬁﬂp b Pl Bxample
Docetaxel
trihydrate (mg) 96 96 9 96 96
M=
HPBCD 0.6 4500 - 9000 - 6300 -
(mg) | M~ ; 4500 i 9000 ; 6300
PVP E:g 90 450 - - 90 -
(mg) - - 90 360 - 450
Distilled water for
injection (mL) 18 18 9 9 24 24
Solubility 3.9 38 52 5.1 3.0 3.1
(mg/mL)
ces Example | Example | Example | Example | Example | Example
Classification 7 3 9 10 11 12
Docetaxel
trihydrate (mg) 96 96 96 96 9 96
M=
HPBCD 0.6 4500 - 9000 - 6300 -
(mg) | M= ; 4500 ; 9000 ; 6300
PVP E:g 90 450 - - 90 -
(mg) - - 90 360 - 450
Distilled water for
injection (mL) ? ? ? ? 7 ?
Solubility 6.6 6.8 53 5.2 5.4 55
(mg/mL)
Examples 13 to 24

30 mg of anhydrous docetaxel, polyvinylpyrrolidone (PVP), HPMC or

polyethylene glycol (PEG) and hydroxypropyl-p-cyclodextrin (HPBCD) were

12



After solubility neasurenent, the flltrate was

fro
around -80 C and freeze-dried to obtai n%GMﬁRiZOQy@()2479
conmposition. Its solubility was nmeasured by liquid 5

chr omat ogr aphy using a W detector (230 nnm. ROYKR 12.07.2007
Gl assification Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e
Exanple 13 14 15 16 17 18 Docetaxel 90 90 135 135 90

90 anhydrous (my) M 4500 - 9000 - 6300 - HPBCD 0.6

M= - 4500 - 9000 - 6300 1.0 PEG MW 90 450 - -

PR PRTCRT AT TN

Solublllty262789924950 (rrg/I\/L)

in T4BI&9S1 fMHeaddlQRom*AaR kifteFtR BRloR EN RIFD) o XD
Exanple 19 20 21 22 23 24 Do 90 90 1

Eférilized.

axel 5 135

After solubility measurement, the filtrate was frozen around -80 °C and freeze-dried

to obtain a lyophilized composition.

Its solubility was measured by liquid

chromatography using a UV detector (230 nm).

Table 2
e Example | Example | Example | Example | Example | Example
Classification 13 14 15 16 17 18
Docetaxel
anhydrous (mg) 90 90 135 135 90 90
M =
HPBCD 06 4500 - 9000 - 6300 -
(mg) | M~ . 4500 i 9000 i 6300
PEG MW
(mg) 400 90 450 - - 270 -
HPMC ) 100 i i 135 | 360 . 360
(mg) cps
Distilled water for | 5, 30 6 6 12 12
injection (mL)
Solubility
2.6 27 8.9 9.2 49 5.0
(mg/mL)
e Example | Example | Example | Example | Example | Example
Classification 19 20 7 29 23 o4
Docetaxel
anhydrous (mg) 90 90 135 135 90 90
M=
HPBCD 0.6 - 4500 9000 - 6300 -
(mg) | M=\ 4500 i i 9000 i 6300
PVP K-12 90 450 - - 270 -
(mg) K-17 - - 45 120 - 360
Dl.stflleql water for 6 6 6 6 12 12
injection (mL)
Solubility 8.6 8.7 9.0 9.2 5.0 49
(mg/mL)
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anh drous mM - 4500 9000 - 6300 - HPBCD

450% - - 9000 - 6300 1.0 PVP K-12 90 45d’CT/&£ﬁ)12007/002479

(my) K-17 - - 45 120 - 360 Distilled water for 6 6 6

6 12 12 injection nL Solubility 8.6 8.7 9.0 RO/KR 12.07.2007

4.9 m/nL 13 PCT/KR2007/ 002479 RO KR 12.07.2007

Conparative Exanple 1 A white |yophilized conposition

was prepared sane as in Exanple 19, except for not

using a water-soluble polyner. 5 Conparative Exanple 2

A lyophilized conposition was prepared using docet axel

and HPBCD as in Exanple 1.10 of WD 99/24073. 60ng of

docet axel was dissolved in 3 nL of ethanol and 3000
Com@;argfvé—ﬁ,mgpy@ﬁ added. 60 nlL of purified water for

I'njection was 10 added to the m xture. The

concentration of the resultant transparent solution
waéd white lyophilized composition was prepared same as in Example 19,

except for not using a water-soluble polymer.

Comparative Example 2

A lyophilized composition was prepared using docetaxel and HPBCD as in
Example 1.10 of WO 99/24073. 60mg of docetaxel was dissolved in 3 mL of ethanol
and 3000 mg of HPBCD was added. 60 mL of purified water for injection was
added to the mixture. The concentration of the resultant transparent solution was
adjusted to 1 mg/mL. The resultant solution was frozen rapidly in dry ice and
freeze-dried to obtain a lyophilized composition in powder form. The docetaxel

content of the powder was 2 % w/w.

Comparative Example 3

A lyophilized composition was prepared according to the method disclosed
in Korean Patent No. 0136722. 96 mg of docetaxel trihydrate was dissolved in 1020
uL of anhydrous ethanol and 2490 mg of polysorbate 80 was added. Ethanol was

evaporated under reduced pressure at 30 °C for 2 hours in a rotary evaporator.

14



10

adJ usted to 1 rTg/m_ The resultant sol uti_on s_froze
rapidly in dry ice and freeze-dried to dikdi/iKR2007/002479
| yophili zed conposition in powder form The docet axel
content of the powder was 2 % ww 15 Conpar aR@¥KR 12.07.2007
Exanple 3 A |l yophilized conposition was prepared
according to the nethod disclosed in Korean Patent
No. 0136722. 96 ng of docetaxel trihydrate was
di ssolved in 1020 L of anhydrous ethanol and 2490 ngy
of polysorbate 80 was added. Ethanol was evaporated
under reduced pressure at 30 Cfor 2 hours in a rotary
evaporator. 14 PCT/ KR2007/002479 RO KR 12.07. 2007
ExpeEiiﬂ@xﬁﬂa['E%ﬂi 1E129RIbelidY tesk ARjtidistate§st (1iquid state)
The | yophili zed conpositions prepared in Exanples 1-24
and Comparative Exanmples 1 and 3 were made into a
sollbeilpapbijizad diomgpesidens preparad dn Examples de24 end Cemparative
Stability change at roomtenperature was nonitored by
EanfB88 7000 SISSAASELB, ot BT U Baed WbPlor jection.
C assi f| catl on concentrati on 48 hours later 96 hours
Stability ehafige dOwosN tdraperabtmel wasghdhitoredrby Exeagulringl c8néentration
3.8 3.8 Cear solution Exanple 3 5.1 5.1 5.0 Cear
withi-?ﬂ’[%.l on Exanple 5 3.1 3.0 3.0 O ear solution

Table 3
Initial Concentration, | Concentration, Solution state
Classification | concentration | 48 hours later | 96 hours later 96 hours later’
(mg/mL) (mg/mL) (mg/mL)
Example 1 3.8 3.8 3.8 Clear solution
Example 3 51 5.1 5.0 Clear solution
Example 5 3.1 3.0 3.0 Clear solution
Example 7 6.7 6.6 6.5 Clear solution
Example 9 5.3 5.3 5.3 Clear solution
Example 11 53 53 52 Clear solution
Example 14 2.8 2.8 2.6 Clear solution
Example 16 9.1 9.1 9.1 Clear solution
Example 18 5.0 5.0 49 Clear solution
Example 20 8.8 8.7 8.6 Clear solution
Example 22 9.3 9.2 9.1 Clear solution
Example 24 4.8 4.8 4.7 Clear solution
Cgmpara’ave 8.6 52 1.9 Precipitation
xample 1

The lyophilized compositions prepared in Example 24 and Comparative
Example 3 were dissolved in 0.9 % saline solution and diluted to 2.0 mg/mlL and

tested.

15
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5C|earvsol t'onmExm” 9.5 n
0 anpl eulll 53 5%&&@7/002479

Exanple 7 6.7 6.6 6.

5.3 5.3 O ear solution EXx

solution Exanple 14 2.8 2.8 2.6 C ear solution

Example 16 9.1 9.1 9.1 dear solution Exanpl ROYKER012.07.2007
5.0 4.9 Cear solution Exanple 20 8.8 8.7 8.6 C ear
solution Exanple 22 9.3 9.2 9.1 O ear solution

Exanple 24 4.8 4.8 4.7 Cear solution Conparative 8.6

5.2 1.9 Precipitation Exanple 1 10 The |yophilized

conpositions prepared in Exanple 24 and Conparative

Exanple 3 were dissolved in 0.9 %saline solution and

diluted to 2.0 ng/nL and tested. 15 PCT/ KR2007/002479
Tabl&d KR 12. 07 2007 Tabl e 4 Initi aI Concentrat| on,

Coaneaoant

e TBt T ol hol §’°F‘8‘ff§? S 1 P epeBPnaL BBSbIch state,
Clasgsificgfionyy ﬁﬁnﬁw NOyhassaipient|i vehours lateg L 38 hours later

Preci pi tht i@/®kanp| e @ng/mL) (ng/mL)
Comparative e
Example 3 20 1.8 1.2 Precipitation
Example 24, 1.9 1.9 1.8 Clear solution
diluted

As shown in Table 3, the lyophilized compositions in accordance with the
present invention (Examples 1-24) showed better storage stability than that of
Comparative Example 1. Further, the lyophilized compositions in accordance with
the present invention showed a better stability even in diluted state than that of

Comparative Example 3, as shown in Table 4.

Experimental Example 2: Stability test (dry state)

Stability of the lyophilized compositions prepared in Examples 13 and 23
and Comparative Examples 2 and 3 was monitored while keeping them under
refrigeration condition (4 °C), long-term storage condition (25 °C, 60 % RH) and
accelerated conditions (40 °C, 75 % RH; 50 °C, 60 % RH). Stability was evaluated
based on the total amount of impurities. As shown in Table 5, the lyophilized

compositions of the present invention showed better stability than those of

16



Exanple 24 191918CIear solutlon uted

shown in TabI e 3, the lyophilized corrp05| CaFﬁ<m007/002479

accordance with the 5 present invention (Exanples

1-24) showed better storage stability than t hROFKR 12.07.2007

Conpar ative Exanple 1. Further, the |yophilized

conpositions in accordance wt h the present invention

showed a better stability even in diluted state than

t hat of Conpar ative Exanple 3, as shown in Table 4.

|rren Ie2 Stability test (dry state)

CO“@?’?EI(‘I)GI%VIBP I‘?eaIICIjI philized conpositions prepared in

Exanpl es 13 and 23 and Conparative Exanples 2 and 3

was nonitored while keeping themunder refrigeration

condition (4 C, long-termstorage condition (25 C, 60

% RI-1) and accelerated conditions (40 C, 75 % RH 50
Tabled 60 % RH). Stability was eval uated 15 based on the

tot @-as@ﬂRHHBnOI I UK T U1 BitialS SPOWD (WBeKs@P € .4 J/BEKs
I yOp [ I [ Z(:‘U Ip()bl I OTl lll(:‘ pl EbGI]I’Z I TIVETITUT UbIgl
showed 9’ ty—than—those—of 6 :
PCT/ KR2007 %45}3 RO KR (123 07. 2007 @agparati ve 041
le]leleq le 5 Classification lnitial 2
Exagapled 34 wetkeC, Zﬁ‘é o. 13 0.3 25 60 9 0.1
e e R b1y 051 $74
50 %{,}?0 % 0.13 121 3.30
4°C 0.09 0.13 0.16
25 %}?0 % 0.09 0.17 0.20
Frample 23 | 40°C.75% 0.09 0.35 030
50 %’I?O % 0.09 043 053
4°C 0.32 0.48 0.49
25 f{'}fo % 0.32 0.79 0.82
Comparative 20°C. 75 %
Example 2 R,H ° 0.32 2.02 3.21
50 %}{60 % 0.32 3.48 412
4°C 1.84 2.09 2.66
25 §'H6° s 1.84 4.67 543
Comparative 20°C. 75 %
Example 3 R,H ’ 1.84 8.82 9.31
50 °C, 60 %
RH 1.84 15.28 15.74

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that

various modifications, additions and substitutions are possible, without departing

17



Exanple 13 40 C, 75 %0.13 0.71 1.74 RH.50 C o%

0.13 1.21 3.30 RH 4 C 0.09 0.13 0. 16 2?%1/3616{&(167({902479
0.17 0.20 RH Exanple 23 40 C, 75 %0.09 0.35 0.30 RH

50 C, 60 %0.09 0.43 0.53 RH 4 C 0.32 0.48 0RO/KR 12.07.2007
C, 60 %0.32 0.79 0.82 Conparative RH Exanple 2 40

RH5/ 0.32 2.02 3.21 50 C, 60 %0.32 3.48 4.12 RH 4
C1.84 2.09 2.66 25 C, 60 % 1.84 4.67 5.43

Conparative RH Exanple 3 40 CR75 % 1.84 8.82 9.31 50

0
fromc%he6s(c)op/gz ;cllhg %p%r?f 02f8 thleSprZ:g'entRierention as disclosed in the accompanying

claims.
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5 Although the preferred enbodi nents of the_llprese
i nvention have been disclosed for illustl’Gf ﬂ§R2007/002479

pur poses, those skilled in the art will appreciate
that various nodifications, additions and RO/KR 12.07.2007
substitutions are possible, w thout departing 17
PCT/ KR2007/ 002479 RO KR 12.07.2007 fromthe scope and
spirit of the present invention as disclosed in the
acconpanying clains. 18 PCT/ KR2007/002479 RO KR
7.2007 CLAIM5S 1. A stable pharmaceuti cal
CLAi-@#gosi tion for injection containing docetaxel
conpri sing docetaxel and cycl odextrin, wherein at

| easta qpdldaiRrmeRbditR RRhYHREion Bk QH]e%ﬁoﬁréHHtalmng docetaxel
hydr oxypr opyl net hyI cel lul ose (HPMC), pol yet hyl ene

gl ycol (PEG _or ol yvi nyl yrroI i done (PVP) is
compydziag dozetarieb apﬂaﬁry utmm,aw exsip 06 leasb eng oratenjselstble polymer
according to claiml1, wherein the docetaxel is in an

selec M%x?ﬂi#o?ﬁrf}%}lmo tﬁ%%éﬁqﬁ (P éol;%ﬁ? lelae g g}rcpl (PEG) or

arnace I ON nject!
cI aim1, wherein the cycl odext rinis contained 5-400

polypiaiylpydeglideng(RVPEKs atidedr t by wei ght of docetaxel . 4.
The pharmaceuti cal conposition for injection according
to claiml, 15 wherein the water-sol uble polyner is
contai ned 0.1-100 parts by weight per 1 part

2. The pharmaceutical composition for injection according to claim 1,

wherein the docetaxel is in an anhydrous form or trihydrate form.

3. The pharmaceutical composition for injection according to claim 1,
wherein the cyclodextrin is contained 5-400 parts by weight per 1 part by weight of

docetaxel.

4. The pharmaceutical composition for injection according to claim 1,
wherein the water-soluble polymer is contained 0.1-100 parts by weight per 1 part

by weight of docetaxel.

5. The pharmaceutical composition for injection to claim 1, wherein the

cyclodextrin is B-cyclodextrin or a derivative thereof.
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by wei ght of docetaxel. 5. The pharnaceutica

conposition for injection to claim1, whd€I/KR2007/002479

cycl odextrin is 13-cyclodextrin or a derivative

t hereof. 19 PCT/ KR2007/002479 RO KR 12.07. 20RO¥KRhe.07.2007

phar maceutical conposition for injection according to

claiml1l, wherein the cyclodextrin is

hydr oxypropyl - (3-cycl odextrin. 5 7. The pharnaceuti cal

conmposition for injection according to claim®6,

wherei n the hydroxypropyl - (3-cycl odextrin has a degree

of nol ecul ar substitution (M5 fromO0.2 to 1.0. 8.

The pharmaceuti cal conposition for injection according

togcl énﬁarnégeﬁ\ﬁ@ileb&nggﬁt@‘\d 'f@f()iﬁ{e@{:i%h according to claim 1,

met hyl cel'l ul ose (HPMC) has a viscosity ranging frfom5

to 100,000 cps. 9. The pharmaceutical conposition for
wherei g ¢yohodextinds hydrexyprepyl-g-cycladexim t he

pol yet hyl ene gl ycol (PEG has an average nol ecul ar

wei ght ranging 15 from 300 to 600. 10. The

phar maceuti cal conposition for injection according to

claim1, wherein the polyvinylpyrrolidone has a

K- yalTiRe pHagiiadedh i@ d8mpositidn 28r REBcKBA08dd0@2E7 Yo claim 6,

RO KR 12.07.2007 11. A nethod of preparing a stable

phar maceutical conposition for injection L
wherein the hydroxypropyl-pB-cyclodextrin has a degree of molecular substitution

(MS) from 0.2 to 1.0.

8. The pharmaceutical composition for injection according to claim 1,
wherein the hydroxypropyl methylcellulose (HPMC) has a viscosity ranging from 5

to 100,000 cps.
9. The pharmaceutical composition for injection according to claim 1,
wherein the polyethylene glycol (PEG) has an average molecular weight ranging

from 300 to 600.

10. The pharmaceutical composition for injection according to claim 1,

wherein the polyvinylpyrrolidone has a K-value ranging from 10 to 20.

20



10

cont ai ni ng docetaxel, conprising: 1) m xi

with cycl odextrin and a water-sol ubl e poﬂ§%39%§§biﬁﬁ&902479
from hydroxypropyl nethylcellul ose (HPMC)

pol yet hyl ene glycol (PEG and 5 pol yvi nyl pyr RDyYKdR&2.07.2007
(PVP) in distilled water; 2) sterilizing and

| yophilizing the resultant m xture to prepare a

| yophilized conposition; and 3) diluting the

| yophi lized conposition with distilled water, dextrose

Sohij.t A%rqet%%daofo I'a%%%r%% | gt%{)lesgllleilrrﬁ?acséaltilélgli c%r}hp%s(%tigr% for injection
containing docetaxel, comprising:

1) mixing docetaxel with cyclodextrin and a water-soluble polymer selected
from hydroxypropyl methylcellulose (HPMC), polyethylene glycol (PEG) and
polyvinylpyrrolidone (PVP) in distilled water;

2) sterilizing and lyophilizing the resultant mixture to prepare a lyophilized
composition; and

3) diluting the lyophilized composition with distilled water, dextrose

solution or a physiological saline solution.
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