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Titl e STABLE PHARMACEUTI CAL COMPGOSI TI ON CONTAI NI NG

DOCETAXEL AND A METHOD OF MANUFACTURI NG THE SAME
waewhns@ad Field The present invention rel at eSPCDKR2007/002479

st abl e pharmaceuti cal conposition for injection

cont ai ni ng docetaxel and a nethod of preparing the

sane. More particularly, the present invention relates

to a pharmaceutical conposition for injection

cont ai ni ng docetaxel with inproved storage stability
..as conpared to those of conventional nedications,

Tltl‘erepared by di ssol ving docetaxel, a water-insol uble
compound, in distilled water after mxing it with

YO R AL ERRAHTEN e R TANING

gl ycol (PEG or polyvinylpyrrolidone (PVP) and
DOCFETRINEL AND A METHODr@F MANUFASITIORING THHSAMEB

t he same. Background Art
Technical Field

The present invention relates to a stable pharmaceutical 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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Docet axel is an anti-cancer agent effective in
treating non-small cell lung, breast, ovarian, head
warpw7asnve cal cancers. It is comercially avai PEK®&2007/002479
under Taxotere(r) by Sanofi-Aventis. Docetaxel is a
highly |ipophilic sem synthetic taxoidbut is al nost
i nsoluble in water. Docetaxel is currently distributed
in a blister carton package consisting of one
single dose Taxotere containing docetaxel dissolved in
orbate 80 vial and one singl e-dose solvent for. _
but m%ﬁn@ﬂelr@@mmﬁ nifinyaiegy, Qg %axgg hasorrenitlyl disfribrisidnin a blister
the above two are m xed together to prepare a prem X
t I of 1 e
Carté% E 8 %thé:%{ﬁ%{% ﬁf n(gnégﬁéls 1 @gsecgf ?ﬁ%ngoggﬂlg{r&o docetaxel
The f| naI [ nf usi on sol ution shoul d have a docet axel
dissclendentpodydorhatesdigyiaathd Qme&naglé{aic@e Sohghitor Taxdtbe containing
concentration is hlgher than 0.9 ng/nL there may
a eci pi.tation. |t|on persensitiyve
13% (GhEe] SHhaney ek i fof aRev oot epBIYRD ipBRtacHEe prepare a
and the presence of ethanol may incur side reactions.
pre{R 93302381 HiRE @FCR) Gn 0dn@l 1ivsi RAJRECHBL 86 infusion bag
vitamn E as a surfactant’ and US 2004/ 0127551
di scl oses a nethod of using vitamn E TPGS (D a-
containing physiological saline solution. The final infusion solution should have a

docetaxel concentration ranging from 0.3 to 0.9 mg/mL. If the concentration is
higher than 0.9 mg/mlL, there may appear precipitation. In addition, hypersensitive
reaction may occur due to the use of polysorbate 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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t ocopheryl pol yethyl ene glycol 1000 succinate). But,
they failed to obtain a stable conposition containing
wa@2mirgbs2eoncent rati on of docet axel. Korean PatRCI/KR007/002479
310839 di scl oses a nethod of preparing a
pol yvi nyl pyrrolidone matrix and mxing it with
anhydrous et hanol and a sol vent such as
pol yoxyet hyl ene gl ycerol ricinol eate, polysorbate 80,
anhydrous ethanol and pol yethyl ene glycol to obtain an
I njection. However, the above invention is al so not
hypersensiting seassionr{ethean] and poljsorbate89) atinchuded nduce
aIcohoI|sn1orhypersen5|t|ve reacti on (ethanol and
pol r. 073. fi
odyehP IR T st 7 e CARREHOE ekl sppubitiy of
docet axel in water by u3|ng cycl odextrin instead of a
doceatixd] an twadtbr biviisthgardodadtainliisted@ o aaxefactantdi 8s&eMeEticularly,
in a small anount of ethanol and the resultant
sol ytion i ded to 5 % dextrose solu of
docefaxs ylp Qcﬁ‘éq: AR & p]inlar g@ogn eé-]panol an the resultant solution is
hydr oxypropyl met hyl - b-cycl odextrin (HP-b-CD). Then,
hanol, i Jquggg) S S,PO a
add%&r g(tphér 55mat/ho as Sgpg%ﬁrgt (éf.) %C%Egﬁ 2 %)@tﬁ]ﬁ{ EAPQ D) or
| yophilization is perforned to obtain a manted
hydtoxyphopylrethgbfyslodestrin AHR+Pt@D).e Then, ethanol is removed as

much as possible by evaporation or other method as appropriate. Subsequently,
lyophilization is performed to obtain a wanted lyophilized composition. A suitable
mixed ratio of docetaxel to cyclodextrin is from 1:25 to 1:400 based on weight. An
injection obtained by further diluting the 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/mlL, 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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m xed ratio of docetaxel to cyclodextrin is from1:25
to 1: 400 based on weight. An injection obtained by
wo eoovhan1di [ uting the resultant |yophilized coPQDERRI0G/002479

in a5 %dextrose solution has a concentration of
0.3-1.2 ng/nL and enabl es to mai ntai n physica
stability for over 72 hours. However, this invention
al so has the problemthat the ethanol used to dissolve
docet axel may not be elimnated, and precipitation may
occur if the resultant |iquid conposition has a |ow

stabHisy destefo doereass pad ithe resultantdyopkilined coynpsisitiony dpppnot have
is perforned after adjusting the docetaxe

the &o‘?\?ﬁﬁf@{v rl?trhg?m(ﬁ v(?ﬁ%hllé Gh gﬁﬁ%%?fséf{ t'l@nraﬁ%tgre ] ﬁfe-rgux 5olut10n

bet'ance has a |'arge Vv
to a smaller throughput for a single batch of the sane

In cdspephinjéioh. foBetinitas adhiatiafienrie pubpaetl dsydiptlobéd adthe patent
conposition is dissolved or diluted for use, its

hysi.cal st abi nds to decrease and the resultant

by dip %ﬁ)é ‘HPBHEgblanfLﬂ?ﬁé’éﬁf Freagasiongt hanlel me/ sl wsing W dextrose
10 ng/ L, which is the solubility of the Taxotere's

or (pge%"ké‘hnceo'stdt% ABbi2%50- Q@O'Iﬁ eSf Iae §fst den%ﬁguld be used

adm nistration 1 $ prepared as osed Int pat ent
by dissolving it to a docetaxel concentration of
consid&irlg 2ke whhmhl desagf 5l 00dmgy no's e Consequently, about 150-200 mL of

diluent is required and it is very difficult to prepare the required injection.
Accordingly, there is still a need for the development of a new

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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or 0.9 %saline solution, about 150-200 ng of the

subst ance shoul d be used considering the clinical dose
w@£001082my/ m 2. Consequently, about 150-200 nlPOF/KR2007/002479

diluent is required and it is very difficult to

prepare the required injection. Accordingly, there is

still a need for the devel opnent of a new

pharmaceuti cal preparation that can offer inproved

storage stability and solubility as conpared to those

of conventional forpmulation and does not require a
or palyvERIPYEQlidene i(IzVngra%éﬁﬁeé (Yeafepto EBPS@’@rngtS?%]ﬂtY of docetaxel
et hanol. Disclosure of the Invention Technical Problem

in ar] B§u S RSMitidventors conpl eted the present invention
by “devel opi ng a pharnmaceutical conposition for

i njection containing docetaxel with inproved
‘sol Adsiokdlinglandnsoljbetl iof ythas presenpangedntion t isose mbvide a stable
conventional agents by conbi ni ng water-insol ubl e

docet axel w th hydroxypr.opyl - b-cycl odextrin and.a
phara i Tt GEE oI s: SUeHer RS PpRopyrvel Ada method of

nmet hyl cel | ul ose (HPMC), pol yethyl ene glycol (PEG or
Ineg@ﬁﬁ%wh@gbﬂ%(rolidone (PVP) in distilled water to

i nprove the stability of docetaxe
Technical Solution

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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i n an aqueous sol ution. Accordingly, an object of the
present invention is to provide a stable

w@bariseeut i cal conposition for injection contBCTIKR007/002479
docet axel and a nethod of preparing the sane.
Techni cal Sol ution The present invention relates to a
phar maceuti cal conposition for injection containing
docetaxel with superior storage stability conprising
docet axel , cycl odextrin and a water-sol ubl e pol yner
such as hydroxy propyl met hyl cel | ul gse_ ( HPMC)

pol3y etihfitien theglyippbiilizedemmppsigionyip) digtiBod mtpﬁd}@(trose solution

(PVP). The present invention also relates to a nethod

or a?ﬁxjy&o?c;@ffél%ghﬁe le%l”cl%cem i cal conposition for

n-contarning docet axel with superior storage
stability, conprising: 1) m xing and di ssol vi ng
dodétrexalenistdivery aldetiidd descaiptioa ofdhe presehtibivention.
pol ymer selected fron1hydroxypropy| nmet hyl cel | ul ose

(H@M@ix ¥ethy|ene

invention rgeﬁgfces to preparation of a stable pharmaceutical
composition for injection comprising docetaxel in high concentration by dissolving
docetaxel in distilled water containing a water-soluble polymer selected from
hydroxypropyl methylcellulose (HPMC), polyethylene glycol (PEG) or
polyvinylpyrrolidone (PVP) without using additive caused adverse effect such as
ethanol or polysorbate.

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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(PEG or polyvinylpyrrolidone (PVP) in distilled
water; 2) sterilizing and |yophilizing the resultant
wWororase14 o obtain a | yophilized conposition; BCTER2007/002479
diluting the |yophilized conposition in distilled
wat er, dextrose solution or a physiological saline
sol ution. Hereunder is given a detailed description of
the present invention. The present invention relates
to preparation of a stable pharmaceutical conposition
for injection conpr|3|ng docetaxel in high
three diiednt ether erclpgeiris éﬁvwﬁgV%ﬁwamlusreﬁ 18i e presgnt invention.
wat er containing a water-soluble polyner selected from

Pro UL RERbPREN A8, A 056, (TENEL OB BHERD w0 65 A or
usi ng additive caused adverse effect such as ethanol

derivatipsl Yeafebatare Tisedpr ddess pfef@abpar hpdraxypropyl-p-cyclodextrin
pharmaceutical conposition for injection contalning

(HP@@@; yggleh:lg %gflg}rq%gia )?e%/\n%atl 62\%5 {n?gc%lg)tn Ialrrllgleﬂstegnm sEuropean
Pharmacopeia, is used. Preferably, cyclodextrin is used 5-400 parts by weight,
more preferably 50-100 parts by weight, per 1 part by weight of docetaxel. If
cyclodextrin is used excessively, the liquid composition becomes so viscous that it
cannot pass through 0.22 pm filter paper well. If cyclodextrin is used too little, it is
impossible to attain suitable solubility and stability. For the hydroxypropyl--
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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In step 1, docetaxel is mxed with cyclodextrin and a
wat er-sol ubl e polyner in distilled water. Preferably,
wo b@7daeet axel used in the present invention iBCI/KR2007/002479
anhydrous formor a hydrate form Cyclodextrins have a
hydr ophobi ¢ cavity of regular size and protect
hydr ophobi ¢ conpounds from external environnent by
| odging themin the cavity. Typically, cyclodextrins
are classified into a-cyclodextrin, b-cyclodextrin and
g- cycl odextrin depending on the property and size.
hydygroplan mefbyleButasent (IFRMERr epokiedenet hglycol  (PEG)  or
cycl odextrin derivatives may be used in the present
polyyPABY B MgRE TG 77 e ioa oY eGP e s e 48 bty propy
thereof are used. Mre preferably, hydroxypropyl -
metlylesltdlose IPMCY, BRBEA ingiividtobity @8 BEIO08| dps is preferable, more
avai l abl e as injection and |listed in European
Phar macopei a, . i s used. Preferabl cyclodextrin is )
preferably sonpohagings ayviserght Oﬁm]f(@\%ﬁ) efRbl y Ho-theoviscosity of
parts by weight, per 1 part by weight of docetaxel. If
hyd PYSAL frlethySeIHAGSE gﬁf’@f@cﬂ ¥elot: 1o€itd b8UbTity and stability will
conpo I on becomes sO viscous that ‘it cannot - pass
through 0.22 mmfilter paper well. If cyclodextrinis
decrassed stgmafitartttyl. e, Ini tcontrast, if the viscosity is too high, handling and

preparation into an injection become difficult. For polyethylene glycol (PEG), there
are many products having an average molecular weight ranging from 300 to 150,000
available. Preferably, one having an average molecular weight ranging 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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I mpossible to attain suitable solubility and
stability. For the hydroxypropyl- b- cyclodextrin
W@ kiPBBTEIR19 one havi ng a degree of nol ecul ar sSubBCT/KRR210G/002479

(M5) of 0.2-1.0, nore preferably 0.4-0.8, is adequate.
If the degree of nolecular substitution is too |ow,
solubility will be poor. In contrast, if it is too
hi gh, the conposition becones too viscous, thus making
the handling difficult. The water-sol uble polyner is
used in the present invention to_inprove solubility

exceghPis{GBi P«‘r“tt§/ byh weighgothg compastiqm besaes sioouBiscpry making
of cyclodextrin. Typically, polyethylene glycol (PEG,

: ' e (PVP), carboxynethyl cellul ose
ﬁ“e§§§éfgq%§§¥ﬁ§3%¢%g§l cel lul ose (HPC), hydroxynet hyl

cellul ose (HMO), hydroxyethyl cellul ose (HEC,
hy drtexw pteo pyt injetion wseld!inlths @réddBMT)vention may be any one that can
hydroxypropylethyl ceIIquse (HPEC), etc., is used for

vo ok OB TRIES: o SRRl o Dt P TES Y gl o 0se

pol yvi nyI pyrrolidone (PVP) is used in the present
| nvigQd fé%ﬁltaﬁpgom%oiéyﬁfe%% ¥éd %ﬂ'xld‘&]el:d%ep%gn&é#ﬁ%on of 1.5-20

one having a viscosity of 5-100,000 cps is preferable,
more preferably one having a viscosity of 100-4, 000
mg/epls. Iffthe kengdrgeatsin is lofver than 1.5 mg/mL, the throughput of a single

batch of the same lyophilizer decreases, resulting in the increase of production cost.
In contrast, if the concentration is higher than 20 mg/ml., the viscosity increases
without further improvement of the solubility of docetaxel, making the 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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hydr oxypropyl nethylcellulose (HPMC) is too low, its
solubility and stability will decrease significantly.
wo poocos2iast, if the viscosity is too high, handi/Krgo07/002479

and preparation into an injection becone difficult.

For pol yethyl ene glycol (PEG, there are many products

havi ng an average nol ecul ar wei ght ranging from 300 to

150, 000 avail abl e. Preferably, one having an average

nol ecul ar wei ght ranging from 300 to 600 is used for

i njection. Particularly, the products, which are
prodiiitioin Rrogesses pathesd peirigdesrgnpesedver age nol ecul ar

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

P, B 0 R L O percnie

pol yvi nyl pyrrolidone is smaller than 10, its
reaciohsibid mdtyprasehtstheionpositidnh is netdieatal & grei Humantboyy at all.
and, if it exceeds 20, handling and preparation into

an_injection wll heconme diffjcult. The er-sol ubl e
pollfriep Ps the gfcaﬁag?fgﬂ? EBmMpOSKIaN 1Sndléutfd13%[hﬁa<ﬂlf%er5ynay be any
wei ght, nore preferably in 1.0-10.0 parts by wei ght,
h thaP@frt bPYis¥8 8 hjefiofd CeldeBRiferably, WSter for injection, d
SOlu{vq\gt er?{;ol uBI )ehsggllyrre]reeglg useg1 ?n Fess than. 1(.)r01n6%Cr %Onby extrose
wei ght,
solution or a physiological saline solution for injection. The dilution is performed

in two stages. At the first stage, the lyophilized composition is diluted with a
variety of diluents prior to being prepared into the 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/mL, 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/mlL. 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/mL, a large amount should be injected to a patient.

Advantageous Effects

Since the liquid composition and lyophilized composition containing

10
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i nprovenent of solubility and stability is mnimal. In
contrast, if it is used inexcess of 10.0 parts by
wowioghse214 he conposition beconmes too viscous, PERKRQV07/002479
filtering and washing difficult. The water for
injection used in the present invention may be any one
that can be used as injection. Preferably, distilled
water for injection is used. The resultant solution is
prepared into a docetaxel concentration of 1. 5 20

If the concentration is |ower than 1.5 ng/nL
docqt%ethq%@gﬂ& (i® the Paessphgreeniianchasoexqetent aﬁ%blhty/ it can be stored
| yophili zer decreases, resulting in the increase of

for EEE eaéﬂah n‘l"% gs#ledcﬁqﬁlgﬁslk%sggf P%%r%égrq{éggg{ @&i&ﬂah& also can

furt her inprovenent of the solubility of docetaxel,

endumek thegteniygerhodrecandh rusiditiyl oz did proguaives processes without being
conplicated In step 2, the mxture solution is heated
and stirr abilization and freeze-dried after

for
decoppesed: 74 |u6'?hetr'o eper dhg PORIEI Of bt 09§ tpglysorbate, the

The stirring is performed in the tenperature range of

comgoé_igoﬁgaré)ﬁ@tfl%{rﬁ@uyt(;ﬁuxggmg: The resultant m xture

olution is frozen at | ow tenperature and the pressure
is lowered at -50 to -

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-B-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 -40 °C and freeze-dried

to obtain a Iyophilized composition.  Solubility was measured by liquid

11
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| yophi li zed conposition has out st anelCTIER2007/002479
stability against tenperature and hum dity. Thus,
can be stored for a long period of tine,

it

prepared into injection and can endure the tenperature
and hum dity of theproduction processes w thout being

deconposed. Furt her,
addi tives that
chromstograpderising RdJ¥ slegrsson

nma

human body at all.
TaplqQnPoOsition is diluted. The diluent may be any

cause

In step

el

because et hanol
ersensitive reactions are

ny). not
3,

or oth

har nf ul

er

to the

the | yophilized

solution that can be used ip injectjons an
CBESE‘SM&{ y, | sampld pExample EsampliexExasples pFxampte pExample
a physiologjcallsal)ne 3olutiomPfor]inj4ctipn. Jhe 6
Piokedaikein 1s| perfornmed in tw stages, At the| first
trilsf B8 (hHe | yophiliged 9éon‘posi fPon js dPluted WPth a 96
vari ety af gituentsyprior tp being preparedinto the
Hp Laa uy%ectidﬁOOAn adequat g di0DAt i pn concent @0 on| of -
@e axeb—5—2 200 rgt-H—Hore—preferably2-5-10
( /nL.hFF the concentughpon| is lower tdogn 2| ng/ L, A 4300
lLarge-st-@ed| vial has to be lsed, whjch
HPMC 51%%5 90 450 - - 90 -
(mg) - - 90 360 - 450
cps
Dlist%llec'i water for 18 18 9 9 o4 o4
injection (mL)
Solubility
3.9 3.8 52 51 3.0 3.1
(mg/mL)
e Example | Example | Example | Example | Example | Example
Classification 7 3 9 10 11 1
Docetaxel
trihydrate (mg) 9 96 96 96 96 96
M=
HPBCD 0.6 4500 - 9000 - 6300 -
(meg) 1\14 0 - 4500 - 9000 - 6300
HPMC 51%;63 90 450 - - 90 -
(mg) - - 90 360 - 450
cps
Dl'st%llec'i water for 9 9 9 9 9 9
injection (mL)
Solubility
6.6 6.8 53 52 54 55
(mg/mL)
Examples 13 to 24

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

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

12
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Table 2
e Example | Example | Example | Example | Example | Example
Classification 13 14 15 16 17 18
Docetaxel 90 90 135 135 90 90
anhydrous (mg)
M =
HPBCD 0.6 4500 - 9000 - 6300 -
(mg) | M= i 4500 i 9000 i 6300
PEG MW
(mg) 400 90 450 - - 270 -
HPMC 100 i i 135 360 i 360
(mg) cps
Dl.sgllec‘l water for 30 30 6 6 12 1
injection (mL)
Solubility
2.6 2.7 8.9 9.2 49 5.0
(mg/mL)
P Example | Example | Example | Example | Example | Example
Classification 19 20 1 " 7 o4
Docetaxel 9 90 135 135 90 90
anhydrous (mg)
M =
HPBCD 0.6 - 4500 9000 - 6300 -
(me) | M= 4500 i i 9000 . 6300
PVP K-12 90 450 - - 270 -
(mg) | K17 - - 45 120 - 360
DI'S’C%HG(?I water for 6 6 6 6 1 1
injection (mL)
Solubility
8.6 8.7 9.0 9.2 5.0 4.9
(mg/mL)
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illustrated as shown in the follow ng exanpl es.
However, it will be appreciated that those skilled in
w0 b@7asd219ay, in consideration of this di scl oSBCEKRA@RBO02479
nodi fications and i nprovenent within the spirit and
scope of the present invention. Exanples 1 to 12 32 ng
of docetaxel trihydrate, hydroxypropyl nethylcellul ose
(HPMC) or pol yvi nyl pyrrolidone (PVP) and
hydr oxypr opyl - b-cycl odextrin (HPBCD) were wei ghed and
di ssolved in distilled water for injection at room
tenperature as shown in Table 1. The sol ution was
filtered through 0.22 mmfilter paper and sterilized.

) [ y measurenent, the filtrate was frozen
Conffihy? L

and freeze-dried to obtain a | yophi li zed
conposition. Solubility was neasured by
| i quiwhite dyaphgizeghyompbsigion Wisdptepatred saAR0 asnjr Example 19,
Tabl e 1 Exanples 13 to 24 30 ng of anhydrous

et axel ol yvin ol | done (PVP), HPMC or
exceBB Cﬁ)ﬂsgié Qf%/ 01%%@3 O dR¥ hydr oxypr opyl -
b- cycl odextrin (HPBCD) wer ewei ghed and di ssol ved in
distilled water for injection at roomtenperature as

shown

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



in Table 2. The solution was filtered through 0.22 nm
filter paper and sterilized. After solubility
wore@snsenent, the filtrate was frozen around -BOT/B&2@N02479
freeze-dried to obtain a |yophilized conposition. Its
solubility was neasured by |iquid chromatography using
a W detector (230 nm. Table 2Conparative Exanple 1 A
white | yophilized conposition was prepared sanme as in
Exanpl e 19, except for not using a water-soluble
pol ynmer. Conparative Exanple 2 A Iyophilized
conposi tion was prepared using docetaxel and HPBCD as
in Exanple 1.10 of WD 99/24073. 60ng of docetaxel was

! [ 1 .15 noj. 0 ng of HPBCD was
EXP%&%%%ME%WEP%#%&%#&%geas \Rigitl‘éﬁpcpsotgpe:%nj ection was added
to the m xture. The concentration of the resultant
t r anspyophilizd tdmhpositiens gappsteeldint Bxdmplssnl-24 Binel Comparative
resultant solution was frozen rapidly in dry ice and
freeze-dried to obhtain a |yophilized conpasition in
Exarpglﬁéélr ang :Srwerﬁq@aégé)léﬁoag( & uti[())n by adding cq})stifled water for injection.

Stability change at room temperature was monitored by measuring concentration

10

with HPLC.
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 53 53 Clear solution
Example 11 5.3 53 52 Clear solution
Example 14 2.8 2.8 2.6 Clear solution
Example 16 91 9.1 9.1 Clear solution
Example 18 5.0 5.0 4.9 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

Comparative 8.6 52 19 Precipitation

xample 1

The lyophilized compositions prepared in Example 24

Example 3 were dissolved in 0.9 % saline solution and diluted to 2.0 mg/mL and

tested.

15
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content of the powder was 2 %w w. Conparative Exanple
3 A lyophilized conposition was prepared according to
wao b@7ie2od di scl osed in Korean Patent No. 013B7RRR20G/002479
ng of docetaxel trihydrate was dissolved in 1020 niL of
anhydr ous et hanol and 2490 ng of pol ysorbate 80 was
added. Ethanol was evaporated under reduced pressure
at 30 OC for 2 hours in a rotary
evapor at or. Experi nental Exanple 1: Stability test
(liquid state) The Iyophilized conpositions prepared
in Exanples 1-24 and Conparative Exanples 1 and 3 were
made into a solution by adding distilled water for
Tdﬂ%qiection. Stability change at room tenperature was

nmonitored by nmeasuring concentration with HPLC Table
3 The |ypphi [nitiel cofrposcentoatsonr dpencedtiatioBx pap) e 24, .
ClasifitaGionp acahdergrdtoanpll® duwe isteri |s3®hwerd later0 6o lat !
sal i ne spl uph®@mapd di | ghedndlg 2.0 neddyimBnd ours later
Table 4
Cgirﬁfg?z%e 2.0 1.8 1.2 Precipitation
Exgri?lftleGdM’ 19 1.9 1.8 Clear solution

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



As shown in Table 3, the Iyophilized conpositions in
accordance with the present invention (Exanples 1-24)
WG barash2let t er storage stability than that of PCT/KR2007/002479
Conparative Exanple 1. Further, the |yophilized
conpositions in accordance with the present invention
showed a better stability even in diluted state than
that of Conparative Exanple 3, as shown in Table 4.
Experi nental Exanple 2: Stability test (dry state)
Stability of the |Iyophilized conpositions prepared in
Compeantpy eExaBpéasd 281 dnd Conpar ati ve Exanples 2 and 3
was nonitored while keeping them under refrigeration
condition (4 0C), long-termstorage condition (25 0C,
60 % RH) and accel erated conditions (40 0C, 75 % RH;
50 0C, 60 % RH). Stability was eval uated based on the
Tablk 6t aI am)unt of |rrpur|t| es. As shown in Tabl e 5, the

AAnran o +

] it -
RALUIETAN R i’l,'°lrﬁiha e s m!fil'; vk weeks
Exanpl es > ar’@_ Tahle 50-A3t hou h th91Zr ef efred 031
enbodi nept @56‘1;3{1_?@1&6 pr esen&lénvem i on 6_%ge been 41
Example 13 40 °C, 75 % 013 0.71 174
RH
50 °C, 60 %
RH 0.13 1.21 | 3.30
4°C 0.09 0.13 0.16
25 °C, 60 %
RH 0.09 0.17 0.20
Example 23 40 °C, 75 % 0.09 035 0.30
RH
50 °C, 60 %
RH 0.09 0.43 0.53
4 °C 0.32 0.48 | 0.49
A 032 0.79 0.82
Comparative 5 5
Example 2 40°C, 75 % 0.32 2.02 3.21
RH
50 °C, 60 %
RH 0.32 3.48 412
4 °C 1.84 2.09 2.66
e 00 1.84 467 5.4
Comparative
40°C,75 %
Example 3 RH 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
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di scl osed for illustrative purposes, those skilled in
the art will appreciate that various nodifications,
w@eaddindaams and substitutions are possible, w tPOIKR2007/002479
departingfromthe scope and spirit of the present
i nvention as disclosed in the acconpanyi ng
clains. CLAIMS 1. A stabl e pharmaceutical conposition
for injection containing docetaxel conprising
docet axel and cycl odextrin, wherein at |east one
wat er - sol ubl e pol yner sel ected from
fromhildr sseppraoplydpitit by the prdsanbisw enHPME)S, dipdpsast iy thenaccompanying
gl ycol (PEG or polyvinylpyrrolidone (PVP) is added.
daiz' The pharnmaceuti cal conposition for injection
W&cording to claim1, wherein the docetaxel is in an
anhydrous formor trihydrate form 3. The
pharmaceuti cal conposition for injection according to
claim1l1l, wherein the cyclodextrin is contained 5-400
parts by weight per 1 part by weight of docetaxel. 4.
The pharnmaceutical conposition for injection according
to claim1, wherein the water-soluble polyner is
contai ned 0.1-100 parts by weight per 1 part

18
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by wei ght of docetaxel. 5. The pharnaceutica
conposition for injection to claim1l1, wherein the
weyshostexsrin is b-cyclodextrin or a derivati VBCT/KR2007/002479

t hereof. 6. The pharmaceuti cal conposition for

i njection according to claim1, wherein the

cycl odextrin is hydroxypropyl- b-cyclodextrin. 7. The

pharmaceuti cal conposition for injection according to

claim6, wherein the hydroxypropyl- b-cyclodextrin has

a _degree of nolecul ar substitution (MS) fromO0.2 to
CLAIMS "8 . The pharmaceutical conposition for injection

according to claim1, wherein the hydroxy propyl

hy, P h 05t [ 5
o SR RO o SRR RO O Socerac
i njection accordl ng to cI aiml, wherein the
compuibiyet diydetine] ghvcoiclddexGlin habesdin ai deag @neol eeulsatuble polymer
meight ranging from 300 to 600. 10. The pharnaceutica

f
selected OSI Iyg?oxyoprrolp?r metthy? Qelﬁfl%gé 8—11’1%[& ), po yethylene glycol (PEG) or

polyvinylpyrrolidone (PVP) is added.

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.

19



10

15

wherei n the polyvinyl pyrrolidone has a K-val ue rangi ng

from10 to 20.11. A nethod of preparing a stable
w@bariseeut i cal conposition for injection contBCTIKR007/002479

docet axel , conprising: 1) mxing docetaxel with

cycl odextrin and a water-sol uble polynmer selected from

hydr oxypropyl nethyl cel |l ul ose (HPMC), pol yethyl ene

gl ycol (PEG and pol yvinyl pyrrolidone (PVP) in

distilled water; 2) sterilizing and |yophilizing the

resultant m xture to prepare a |lyophilized

conposition; and 3) diluting the Iyophilized

conposition with distilled water, dextrose solution or

a physhol 9 RlcedAtdINCoR Yol for injection according to claim 1,

wherein the cyclodextrin is hydroxypropyl-p-cyclodextrin.

7. The pharmaceutical composition for injection according to claim 6,
wherein the hydroxypropyl-p-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.
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11. A method of preparing a stable pharmaceutical composition 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, dextrosé

solution or a physiological saline solution.
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