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ABSTRACT

A process for the preparation of rapidly soluble
products for pharmaceutical use is provided. The process
comprises the following steps: dissolving in ethanol a
taxoid or a salt, or a hydrate, or a solvate thereof;
adding to the solution a lyophilized solid cyclodextrin
derivative; and evaporating the solvent and drying to
obtain a solid, which comprises the taxoid as the active
ingredient and the cyclodextrin derivative. The weight
ratio of taxoid:cyclodextrin derivative ranges between
1:25 and 1:400. The taxoild 1s selected from the group
consisting of paclitaxel and docetaxel, and the

cyclodextrin derivative is selected from the group

consisting of acetyl-y-cyclodextrin and hydroxy-propyl-[B-

cyclodextrin. When hydroxy-propyl-B-cyclodextrin is used,
the taxoid can be only docetaxel in a 1:25 to 1:100

taxoid:cyclodextrin weight ratio.
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PHARMACEUTICAL COMPOSITIONS CONTAINING
CYCLODEXTRINS AND TAXOIDS

This invention relates to new water-soluble solid pharma-
ceutical compositions and their aqueous solutions for par-
enteral use containing taxoids and certain cyclodextrins with-
out noxXious solvents and/or detergents. More particularly the
invention relates to new water-soluble solid pharmaceutical
compositions and their solutions in aqueous solvents, the
compositions containing '

a) as an active ingredient a taxoid such as paclitaxel
and docetaxel, optionally in the form of their salts or their
poiymorphic hydrates or solvates e.g. sSolvates formed with
ethanol; and

b) a large surface area acetyl-y-cyclodextrin or hy-
droxy-propyl-f-cyclodextrin ( in the following the cyclodex-
trin)

- whereby the weight ratio of said taxoid to said cy-
clodextrin ranges between 1 : 25‘ and 1 : 250;

C) and optionally other water-soluble auxiliary materi-
als usual 1n pharmaceuticals for parenteral purposes.

The invention also relates to the preparation and use of
said 1njectable pharmaceutical compositions.

The'following definitions are used throughout the specifi-
cation and claims:
paclitaxel = taxol™ A;
docetaxel = [N-debenzoyl-N-tert.-butoxycarbonyl)-10-

~ deacetyl-paclitaxel ;
"aqueaus solvents" = water of injectable quality or an aque-
ous golution containing a dissolved igotonizer
in an amount and concentration effective to
isotonize said agueous solution e.g. sodium
chloride, glucose; N
"amorphised" = showlng amorphous structure'against X-rays;

CD = cyclodextrin
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cyclomaltooctaose

y-cyclodextrin
cyclomaltoheptaose

B-cyclodextrin

Ac yCD = acetyl-y-cyclodextran

HPRCD = hydroxypropyl-B-cyclodextrin (about 2 to
about 8 hydroxypropyl groups per CD-unit)

DIMER = heptakis-2, 6-di-0O-methyl-R-cyclodextrin

Taxold is the collective name for paclitaxel and struc-
turally related substances. Paclitaxel 1s a compound known for
its significant anticancer activity acting as a poison to
mitotic spindles and as a potent inhibitor of cell replication. It
also 1s known to have poor agqueous solubility of about 0.0005
mg/ml at ambient temperature and 1s reported to be unstable
both 1n soclution upon storage and as a consequence of solvoly-
sis of its ester linkage leading to loss of cytotoxic activ-
i1ty. It 1s marketed in solution of a 1 : 1 mixture of ethanol
and Cremophor™ EL (polyhydroxylated castor oil).

Cremophor EL has been implicated 1n some adverse reac-
tions (aypersensitivity, histamine release) during intravenous
treatment and therefore many attempts have been made 1in the

past decade to develop new drug delivery systems.

When paclitaxel is formulated as a solution 1n the or-
ganic solvents ethanol and polyethoxylated castor oi1l, it 1is
administered as a supersaturated oil-in-water emulsion and di-
lutes rapidly in the blood, an aqueous environment rich 1in hy-
drophobic domains provided by lipids and proteins. Paclitaxel
passes through the hydrophobic environment of the plasma mem-
brane waille enteriné and leaving cells by diffusion.

The proéensity of paclitaxel o undergo solvent- and
concentration-dependent self-aggregation has hampered efforts
to formalate this poorly soluble drug in pharmaceutically ac-
ceptablzs excipients for clinical administration.

It is also known that docetaxel, & semisynthetic taxolc
1s highly lipophylic and more water soluble than paclitaxel
(USP 4814470). Commercially available docetaxel for i1njection

concentrates 1s a sterile solution ¢f the drug 1n polysorbate
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80, with an accompanying diluent of 13% (w/w) ethanol in water
for injection. The maximal drug concentration which could be
used was 0.3 to 0.9 mg/ml.Levels higher than 0.9 mg/ml had to be

avoilded because of precipitation issues. Hypersensitivity
reactions associated with polysorbate 80 might cause problems

with commercially available formulations
A wide range of approaches has been taken in formulation,

including vehicles with hydrophobic characteristics. In most
vehicles the taxoid is formulated in the millimolar concen-
tration range which 1s comparable to the concentrations at

which the taxoid was oObserved to self-aggregate resulting in

precipitation.

Based on the interaction between the taxoid and cyclodex-
trins several further attempts at solving the problem were made.
Studying the thin-layer chromatographic mobility of the taxoid
in the presence of cyclodextrins (Int. J. Pharm. 1994. 108. 64-
75.) 1t was first concluded that the interaction between taxoid
and cyclodextrin was very weak. Later, a modest enhancement of
the solubility of the taxoid was found using unsubstituted
cylclodextrins and enzyme-modified branched-p-cyclodextrins.

Aqueous parenteral solutions of sparingly soluble drugs in
water combined with cyclodextrins were suggested to minimize
drug precipitation at injection sites or organs following
parenteral application (US Patent No. 5,024,998 dated June 18,
1991) . Solubility enhancement was hereby observed using high
(around 50% w/v) CD concentration and solid complexes were
obtained with some products from these concentrates. This
emphasized that below a 20% w/v CD concentration precipitation
might occur. Among the tremendous group of drugs listed in this
specification, the document is silent on the use of taxoids and
acetyl-YCD.

Using an aqueous solution of methylated B-cyclodextrins as
effective paclitaxel solubility enhancers (PCT WO 94/26728) and
combining of methylated p-cyclodextrin and ethanol for prepara-
tion of 1 to 4 mg/ml paclitaxel solutions (EP 788373) repre-

sented further improvements in this field. These taxoid con-
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centrates did not precipitate on diluticon up to a certailn

limit and avoided use of toxic detergents. Also the use of
2,6-di-O-methyl-B-cyclodextrin was suggested as a more effec-
tive solubilizer of paclitaxel (EPA 0639380) and detailed re-
sults on its solubilizing potency were ppblished_(q. Pharm.
Sci., 84. 10. 1223-1230; 1995). However some concern was ex-
pressed concerning the use of methylated PB-cyclodextrins in
injectables because of their surfactant properties, their af-
finity to cholesterol and other cell-membrane lipid components
already at low concentration and doses.

Some studies were published on the use of cyclodextrins
along with water-soluble drugs to achieve less ulceration com-
pared to the same formulation of cytotoxic compounds when ex-
travasated (WO 95/06485). Though paclitaxel is not water-
soluble, this patent specification also includes an example of
"Taxol" 1n 50% ethanol solution to illustrate this effect add-
ing "HPCD". The results show that HPCD exerted a protective
effect on skin when Taxol was deposited into an intradermal
site, resulting in the reduction in lesion size.

Thio-branched cyclodextrins were disclosed for solubiliz-
ing anticancer taxoids (e.g. docetaxel and paclitaxel see PCT
WO 95/19994) without details concerning improvement of solu-
bllity, stability or toxicity. Such formulations provided a
significant increase in aqueous solubility for paclitaxel.

However on dilution for parenteral application (0.3 to 1.2

mg/ml) precipitation of the drug occured.
It was an aim of the present invention to further im-

prove both solubility of taxoids in injectable formulations
and stability of taxoid drug systems for parenteral admini-
stration. Moreover, possibly decreasing toxicity of
accompanying materials used for formulation purposes.

The basis of the present invention 1s the recogniticn
that both acetvlated-y-cyclodextrin and hvdroxy-propyl-p-
cyclodextrin exhibit a positive effect on the prolongaticn ¢Z
the oversaturated state of dissolved paclitaxel and docetaxel,

thus preventing premature precipitation without using ethanol as a
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co-solvent. This was a surprising fact considering Y-
cyclodextrin and its hydroxypropylated derivatives - which are
known to possess the largest size cavities among the CDs -
have been previously disclosed to be less suitable for pacli-
taxel solubilization and complexation (Int. J. Pharm. 133.
191-201.1996). This was confirmed by our studlies registering
the equilibrium solubility of paclitaxel as a function of the
concentration of aqueous solutions of chemically modified vy-
cyclodextrins whereby no practically useful solubllizing ef-
fect was found considering high cyclodextrin-concentrations were
used. See Table 1: Solubility of paclitaxel as a function of

acetyl-y -cyclodextrin concentration).
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The aqueous solubility of paclitaxel at room temperature 1s
about 0.5 ug/ml, therefore the 170 pg/ml dissolved paclitaxel
concentration achieved in 40% acetyl-y -cyclodextrin solution
already means an about 340-fold solubility enhancement. The
above data however are poor as compared with the known results
according to which in an agueous 40% w/v scluticon of DIMER
dissolves about 800-1000 pg/ml of paclitaxel. Similar

poor results were found using HPRCD as a solubilizer. This
value 1s far from the desirable value corresponding tc the
therapeutic dose of paclitaxel and the use of such a dosage
form would require administraticn of more than 70 grams oI Cy-

clodextrin with the paclitazxel dose unit cf 30 mg.
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An object of the present invention 1s a process for the
preparation of pharmaceutical compositions for parenteral use
1in 1nstantly water-soluble so0lid state as well as the solu-
tions thereof 1in aqueous solvents containing acetyl-y -
cyclodextrin or hydroxy-propyl- fB-cyclodextrin (in the fol-
lowing named cyclodextrin ) comprising ) o

a) dissolving a taxoilid preferably paclitaxel or do-
cetaxel, or their salts or hydrates in ethanol and thereafter
performing either of the following steps:

1) adding the solid cyclodextrin and option-
ally other water-soluble auxiliary materials usual in
pharmaceuticals for parenteral purposes, dissolving
the mixture in an aqueous solvént and lyophilising to
obtain a solid or

11) adding the solid, large surface area amor-
phous (preferably lyophilised) c¢yclodextrin and op-
tionally éther water-soluble auxiliary materials usual
ln pharmaceuticals for parenteral purposes, evaporat-
ing the solvent and drying to obtain a solid or

1i1) admixing the solution with solid large sur-
face area amorphous preferably freeze-dried cyclodex--
trin (and optionally other water-scluble auxiliary
materials usual in pharmaceuticals for parenteral
purposes), thereafter dissolving with an agueous sol-
vent optiocnally in the presence of an effective amount

©f an 1lsotonizing additive to obtain a solution;

containing
a) .as anh active 1lngredient the taxoid and
D) the cyclodextrin and
C) optionally other water-scluble auxiliary materi-

als usual in pharmaceuticals for parenteral pur-

poses
whereby the weight ratio of taxoid : cyclodextrin 1s

between the range 1 : 25 to 1 : 400; and optiocnally
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b} when steps i) or ii) were used dissolving the solid

in an aqueous solvent
to obtain a parenteral solution ready for direct medical

treatment.
According to the invention the taxoid paclitaxel

1s used in its hydrated polymorphic form or in its sol-

vated form such as the ethanol solvate.

In é-preferred embodiment of the invention the active

ingredient paclitaxel is used together with acetyl-Y-cyclo-
dextrin in a 1 : 100 to 1 : 250 weight ratio. In another

preferred embodiment docetaxel is used with HPRCD in the range

of 1 : 25 to 1 : 100 weight ratio.

When carrying out the process according to the in-
vention any of the following can be used as the aqueous
solvént or diluent: water of injectable quality, an aque-
ous solution of an isotonizing additive such as sodium
chloride, glucose, mannitol, dextrose. The latter solu-
tions have to contain the ingredients in an amount to ef-
fectively isotonize the aquecus solution under the condi-
tions hereunder. Thus the concentrations known to be suit-
able for isotonizers in pharmaceutical solutions might be
changed somewhat by the presence of the cyclodextrins and
the taxoids employed. Thus concentrations in the mag-
nitude of about 0.9 % w/v ¢f sodium chloride, or about S%
w/v of glucose have to be optimised for the specific ccm-
position dependigg on the taxoid employed and on the
anount and quality of the CD used.

A further object of the present invention is to provide

pharmaceutical compositions containing as active ingredients any

of the products prepared according to the processes of the

invention.

An additional object of the present invention is to

provide water-soluble solid pharmaceutical compositions and
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their solutions in agueous sclvents, the compositions

containing

a) as an active ingredient a finely dispersed large
surface area taxoid such as paclitaxel or do-
cetaxel, optionally in the form of their salts or
their polymorphic hydrates or solvates e.g. formed
with ethanol
and

b) finely dispersed, large surface area acetyl-y -
cyclodextrin or hydroxy-propyl-f-cvclodextrin (
cyclodextrin ) '
the welght ratio of said taxoid : said cvclo-

dextrin ranging between 1 : 25 and 1l : 250;

C) and optionally other water-soluble auxiliary mate-
rials usual in pharmaceuticals for parenteral pur-

poses.

Preferred compositions according to the invention

contain as the active ingredient paclitaxel and acetyl-

Y-cyclodextrin as the cyclodextrin in a 1 : 100 to 1

250 weight ratio. Further preferred compositions are com-

binations of docetaxel and hydroxy=-propyl-fB-cyclodextrin

ina 1 : 25 to 1 : 100 weight ratio.

A further object of the present invention is to provide
methods for prevention of self-aggregation and premature precip-
itation of a taxoid such as paclitaxel and docetaxel and their
salts, solvates and hydrates in agqueous solutions and for
prolongation of the oversaturated dissolved state of the drugs.
This is accomplished by using the taxoids in the form of
pharmaceutical compositions according to the present invention
as described above in detail.

Yet another object of the present invention is to provide
a method of treatment of unwanted cell proliferation by

utilising effective amounts of pharmaceutical compositions
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according to the invention as described above 1n detail.
The ready-to-use paclitaxel solutions remain physically

stable for a reasonable period of time. Intravenous treat-

ment generally requires that solutions be used which are
physically stable for at least 6 hours. When dissolving

the compounds according to the presenﬁ'invention in aque-
ous solutions the thus reconstituted solutions are stable
for at least ¢ to 8 hours. In the case of solutions of

the combinations paclitaxel /Acy CD as well as do-
cetaxel/AcyCD or HPBCD more than 24 hours of physical
stabllities were measured.

According to the method it 1s provided to adminis-
ter to a patient in need of such treatment a parenteral
dosage form containing the pharmaceutical composition.
Dosage units of 100 mg taxoid may be prepared in lyophi-
lised form. These are diluted to give the ready to use

dosage solutions applicable e.g. for intravenous treat-
ment. Depending on the required treatment applicable in

the specific needs of the patient several 100 mg units mav
be applied so as to reach the effective dose corresponding
to the desired amount expressed generally in mg/m® body
surface. Thus e.g. the recommended dose of paclitaxel
ranging from 135 to 250 mg/m® body surface can be reached.

The drug can be used effectively by way of intrave-

nous, intraperitoneal, intramuscular administration de-
pending on the type of cancer to be treated and the taxoid
and cvclodextrin selécted for use. Improved results of
Creatment as compared wlth known therapies can be achieved
due to the considerably decreased toxicity of the dosage
form as compared with the toxicity of the vehicles con-
tained in the known compositions used to date. It is also
not necessary to subject the patient to premedication
against hypersensitivity and other unwanted side-effects
using steroids, antihistamines and Hp-receptor antagonists

before paclitaxel or docetaxel administration to prevent
P

severe hypersenslitivity reactions.
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BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will now be
described in conjunction with the following drawings, in which:

Figure 1 shows arterial blood pressure values systolic
(spheres) and diastolic (triangles) after administration of
Cremophor/Ethanol mixture without paclitaxel intravenously.

Figure 2 shows arterial blood pressure values systolic
(spheres) and diastolic (triangles) after administration of
Cremophor/Ethanol mixture intravenously.

Figure 3 shows arterial blood pressure values systolic
(spheres) and diastolic (triangles) after administration of
paclitaxel/Acetyl-Y-cyclodextrin in 10, 20, 40, 60 mg/m? dose
according to Example I dissolved 1n 2.5% agqueous dextrose
solution intravenously.

Figure 4 shows arterial blood pressure values systolic
(spheres) and diastolic (triangles) after administration of
paclitaxel/Acetyl-Y-cyclodextrin in 120, 90, 240 mg/m® dose
according to Example I dissolved in 2.5% aqueous dextrose
solution intravenously.

Figure 5 shows arterial blood pressure values systolic
(spheres) and diastolic (triangles) after administration of
paclitaxel/Acetyl-Y-cyclodextrin in 10, 90, 40, 60 mg/m? dose
according to Example I dissolved in 2.5% aqueous dextrose
solution intravenously.

Figure 6 shows arterial blood pressure values systolic
(spheres) and diastolic (triangles) after administration of
paclitaxel/Acetyl-Y-cyclodextrin in 120, 90, 240 mg/m? dose
according to Example I dissolved in 2.5% aqueous dextrose

solution intravenously.

In Figures 1 to 6, the arrow marks the time when the

injection was given.



10

15

{-o
{n

CA 02309326 2007-06-06

10

Details of the invention are given in the Examples below
by way of illustration and without the intention to limit
the scope of protection.

I. PREPARATION OF FORMULATIONS

Example I.l.: Preparation of reconstitutable, solid pa-
clitaxel /acetyl-y-cyclodextrin combinatioﬂs by df&iﬁg.

3 mg of paclitaxel (dissolved in 0.3 ml of ethanol) was
added to 500 mg of acetyl-y-cyclodextrin powder (freeze-cried
from aqueous solution). This mixture was kept under vacuum for

18 hours over phosphorous pentoxide to remove the ethanol.

Portions of this ethanol-free powder combination were dissolved
in 5, 4, 3 and 2 ml of 5% aqueous glucose solutions respec-
tively. The physical stability of these-reconstituted solu-

tions 1s shown in Table 2.

.t.vOCQ..CUOCCOOQOI'.OOC..OO.O.DO.OOOICOOOO.ICOOIOQOOOC.Q.QCOQOQQQQQ.l.d.l.c.....o....nl"..l0.--.90-0‘00000.00“C...OOOOOOQOOOOOQCC..‘.....‘.0.‘0‘4‘.0.0.OOQQOQOQOC.OOC.-..0..0....‘....’..0 oooooooooooooooooooooooooooooooooooooooooooooooo
-
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A 20,2 SO . ... S .. SO A0 SO
final paclitaxel mg/ml 0.6 {075 & 1.0 1 1.5
final AcyCD mg/ml 1100 125 167 | 250
é stabi1lity evaluated §>120 g > 48 > 48 > 48 .
%visually 1n hours. é % after 72 hours precipi—%
e .. tation occurred
% dissolved paclitaxel : '
'mg/ml (HPLC) . 0.576

. '
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This experiment was repeated with lower amounts of
acetyl-y-cyclodextrin. 3 mg of paclitaxel (dissolved in 0.3
ml of ethanol) was added tc 450 mg, 400 mg or 350 mg c¢f fresze-
dried acetyl-y -cyclodextrin samples, thereafter the
combination was kept under vacuum for 18 hours over phosphorous

pentoxide to remove the ethanol.

These combinatlons were dissolved in 5, 4, 3 and 2

ml each of an 5% agueous glucose sclution. In Table 3, 4, =
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the composition as well as the physical stability of these re-

constituted paclitaxel solutions prepared according to

the present example using different amounts of acetyl-Y- re

cyclodextrin are summarised.
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5ml 4ml 3ml §.‘?.ml

final paclitacel mg/ml _ 06 075 10 1S
wf}ggl. acetyl- y- cyclodextrin 90 112 5 ) 150 5
ms'tgpnhty, _evaluated visually in hours opalescent solutxon >48 >48 >48 ..

;.".""”""""""'*""‘."""""""""""‘”""‘.'000"000’..00..000000000Ol..'IOO0000Q.o....-occo.oo...o.‘oto.a.ocq.ln..-.n.ooco...lcu--.o.o.on.-alo.00-90~0¢00..!‘000¢000.¢O..l.-000000000000000101000.. oooooooooooooooooooooooooo
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Example I.2.: Preparation of & paclitaxel formulaticon o

0.6 mg/ml nominal paclitaxel concentration .

6.5 g of amorphised acetyl-Y-cyclodextrin was wetted with

n

3 ml of a paclitaxel solution of 10 mg/ml paclitaxel concen-

tration (corresponding to 30 mg of paclitaxel). Immediately 50

ml of a 5% dextrose solution was added to the wet mixture and

the composition was agitated until a clear solution was

obtained. The dissolved paclitaxel concentration in solution

$ amounted to 0.55 + 0.05 mg/ml as determined by HPLC after
filtration of the solution through a 0.2 um membrane filter. The
sclution was then stored at room temperature under normal light
conditions in glass containers for at least 6 hours without
noticeable opalescence and/or particle formation. The re-

c analysis of the dissolved paclitaxel after 6 hours of storage by

HPLC showed that no decrease of dissolved paclitaxel concen-

tration was apparent.

Example I.3.: Preparation of a paclitaxel formulation of
0 ~ 0.3 mg/ml nominal paclitaxel concentration

6.5 g of previously amorpnised acetyl-y-cyclodextrin was
wetted with 3 ml of a paclitaxel solution of 10 mg/ml pacli-

taxel concentration (corresponding to 30 mg of paclitaxel).

To this wet mixture 100 ml of a 5% dextrose solution was

> immediately added and the mixture was agitated until a clear
solution was obtained. The dissolved paclitaxel concentration 1n
this solution amounted to 0.27 + 0.03 mg/ml, as determined by
HPLC after filtration of the solution across a 0.2 um membrane

filter. The solution was then stored at room temperature under

normal light conditions in glass contailners for at least 12

D

hours without noticeable opalescence and/or particle formation.
The HPLC re-analysis of the dissolved paclitaxel after 12 hours

of storage showed that no decrease of dissolved paclitaxel

concentration resulted during the 12 hours.
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Example I.4.: Preparation of docetaxel formulation ¢f 0.5
and 1 mg/ml nominal docetaxel concentration

100 mg of amorphised acetyl-y -cyclodextrin was wetted
with 0.1 ml of a docetaxel solution of 20 mg/ml docetaxel

concentration (thils corresponds to 2 mg of docetaxel). To sam-

ples of this wet solid mixture 1 or 2 ml of a 5% w/v agueous
dextrose solution was immediately added and the mixture was
agitated until a clear solution was obtained. The dissolved do-
cetaxel concentrations i1in solution according to the present
example amounted to 1 and 0.5 mg/ml respectively. The solutions
were then stored at room temperature under normal light
conditions in glass containers for at least 24 hours without
noticeable opalescence and/or particle formation. The
composition of both solutions referred to 20 mg docetaxel dosage

unit is as follows:

- 1000 mg AcyCD

- 20 mg ‘docetaxel

- 1 ml ethanol

- 20 ml or 40 ml 5% dextrose

Example I.5.: Preparation of a docetaxel formulation of
0.75 mg/ml nominal docetaxel concentration using hydroxypro-
pyl-PB-cyclodextrin (HPBCD)

20C mg of HPBRCD was wetted with 0.15 ml of a docetaxel so-

lution of 10 mg/ml docetaxel concentration (This corresponds

to 1.5 mg of docetaxel). To this wet mixture 2 ml of a 5%
aqueous dextrose solution was immediately added and the mixture
was agitated until a clear solution was obtained. The dissolved
docetaxel concentration in solution according to the present
example amounted to 0.75 mg/ml. The solutions were then stored
at room temperature under normal light conditions in glass
coentainers for at least 24 hours without noticeable opalescence
and/or particle formation. The composition of solutions referred

to 20 mg docetaxel dosage unit is as follows:

- 2670 m3 HPBCD

- 20 mg docetaxel
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- 2 ml ethanol

~ 27 ml 5% dextrose

Example I.6.: Preparation of binary paclitaxel /acetyl-y
-cyclodextrin co-lyophilisate.

30 mg of paclitaxel dissolved in 3 ml of eth-ariol was
added tc 5.0 g of amorphised acetyl-y-cyclodextrin. To the wet
powder an additional 2 ml of ethanol was added and the powder was
dissolved in 50 ml of distilled water resulting in a clear so-
lution with 0.6 mg/ml nominal paclitaxel concentration. This
solution was frozen quickly on dry-ice and freeze dried to ob-
tain a white lyophilisate with 0.6 £ 0.05 $& / w paclitaxel
content. -

This lyophilisate was readily reconstituted into the
original volume solution by way of adding 50 ml of a 5%
aqueous glucose solution. The result was a clear solution
with 0.6 mg/ml paclitaxel concentration.

The reconstituted solution was stored at room temperature

under normal conditions in glass containers. The paclitaxel
concentration was assayed using the HPLC method after filtra-

tion of the test solutions through a2 0.2 ym membrane. The pa-

clitaxel content

-+

after preparation: 0.513 0.07 mg/mlx*
after 25 hours of storage 0.556 % 0.01 mg/ml
(* The difference between nominal and measured paclitaxel
concentration is due to the volume expansion of the bulk ly-
ophilisate.) |
Example I.7.: Preparation of binary docetaxel/acetyl-y -
cyclodextrin.éo-lyophilisate.
10 mg of docetaxel dissolved in 0.5 ml of ethanol was
added to 400 mg of amorphised acetyl ¥y -cyclodextrin. The wet

powder was dissolved 1n 8 ml of distilled water resulting in a
clear solution with 1.25 mg/ml nominal docetaxesl concentra-
tion. Thls solution was frozen quickly on dry-ice and freeze

dried to obtain & white lyophilisate with 2.25 £ 0.1% do-

cetaxel ccntent.
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50 mg of the solid lyophilisate was readily dissolved
in 1 ml of a 5% agqueous glucose solution resulting in a clear
solution of 1.13 mg/ml docetaxel content (determined by HPLC).

The reconstituted solution was then stored at room tempera-
ture under normal conditions in a glass container. After 21
houfs'of storage 1.15 + 0.02 mg/ml docetaxéi concentration was
assayed using the HPLC method. Even after 72 hours of storage
therewas no visually observable opalescence or solild particle
formation 1in the solution.

Example I.8.: Preparation of paclitaxel /acetyl-y -

cyclodextrin /glucose co-lyophilisate
30 mg of paclitaxel was dissolved in 3 ml of ethanol zand

the solution was then added to 5.0 g of amorphised acetyl-Y-

cyclodextrin. To the wet powder an additional 2 ml of ethanol
was added and the powder was then dissolved 1in 50 ml of a 5%
agqueous glucose solution. This solution was frozen on dry-ice
and freeze-dried to give a white lyophilisate with 0.42 + 0.01 %

paclitaxel content.

This lyophilisate was readily reconstituted into the
original volume with the addition of 50 ml of distilled water.
The result was a clear solution with 0.6 mg/ml nominal

paclitaxel concentration.

The reconstituted solutions were then stored at room
temperature under normal conditions in closed glass contailners.
The paclitaxel concentration during storage was measured using

the HPLC method after filtration of the test solutions.

Paclitaxel content found:
immediately on preparation: 0.530 £ 0.08 mg/ml*
after 25 hours of storage 0.541 ' 0.05 mg/ml

(* The difference between nominal and measured paclitaxel

concentration is due to the volume expansion of the bulk ly-
ophilisate.)

Example I.9.: Preparation of docetaxel/acetyl-y -
cyclodextrin/glucose co-lyophilisate

8§ mg of docetaxel dissolved in 0.4 ml of ethanol was

added to 400 mg of amorphised acetyl-y =-cyclodextrin. The wet
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powder was then dissolved in 8 ml of a 5% w/v aqueous glucocse

solution. This resulted in a clear solution with 1 mg/ml nomi-

nal docetaxel concentration which was frozen on dry-ice and

freeze-dried, to give a white lyophilisate with 1% docetaxel
S5 content.

100 mg of ethanol free solid lyophilisate was readily

reconstituted in 1, 2 or 4 ml of distilled water producing clear
solutions of 1, 0.5 or 0.25 mg/ml nominal docetaxel concentra-
tions, respectively. In Table 6, the physical stability of do-

10 cetaxel solutions during 21 hours of storage at room tempera-
ture in closed glass containers are summarised. Determina-

tion of the dissolved docetaxel concentration at

different nominal concentrations was made by HPLC.

TABLE 6
15 ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
D1§sglved docetaxel mg/ml HPLC “ Nommal dissolved docetaxe[ concentration
1 0.5 . 0.25 mg/ml
N N7, SU S| S A
e dtpreparation 093 049 | 024
................. afier2ihours i 089 . ..048 .02 .
Example I.10.:
The formulation according to Example I. 10. was prepared
20 as step-wise described below:
1. 6.0 mg of crystalline Docetaxel (purity is 99.7%) was
dissolved at room temperature in 3 milliliters (ml) of 96%
ethyl alcohol.
25 2. This ethanolic docetaxel solution was dropped onto the

surface of 300 mg of amorphous 2-hydroxypropyl-R-cyclodextrin
(HPBCD) powder. The pre-mix was homogenised by a solid-state
grinder for 5 minutes to ensure homogeneocus distribution of

dissolved Docetaxel on the surface of powder HPBCD.
30
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3. The HPBCD powder previously wetted by the 3 ml of

ethanolic Docetaxel solution was thendissolved in 6 ml of
distilled water at room temperature by stirring with 300
r.p.m. using normal stirrer. (The resulting solution appears
a clear, colorless, transparent solution with no visible
solid undissolved particles. The dissolved Docetaxel drug

concentration is 1 mg/ml.)

4., The above agqueous Docetaxel solution is chilled to minus

50 °C using dry ice/ethanol mixture freezing media, and then
the solvent is removed by liophilisation. The freeze-dried
(liophilised) product is a white, fluffy amorphous powder

with a Doceteaxel content of 2% by weight.

This product is a water-soluble Docetaxel formulatilon:
50 mg of this formulation can be dissolved in 1 ml of water
or in 1 ml 5% isotonic glucose solution, resulting in a
clear, transparent Docetaxel solution with a Docetaxel
concentration of 0.97 mg/ml. Moreover, this solution remains
physically stable for over 21 hours without any Docetaxel
precipitation upon standing at room temperature on daylight

1s glass vials.
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Example I.11: Prolongation of the oversaturated dissclved
state of the paclitaxel by way of co-evaporation

30 mg of Paclitaxel was dissolved in 6 ml of ethanol and
the solution was mixed thoroughly with 5 g”of acets;l;y -
cyclodextrin. An additional 3 ml of ethanol was added and the
mixture was stirred for 5 minutes at room temperature. The
ethanol content of the mixture was then removed in a nitrogen
stream using a rotatory evaporator in vacuum. The resulting
white solid was then dissolved in 5 ml of deionised water re-
sulting in a slightly opalescent solution that was immediately
frozen on dry-ice and freeze-dried. The resulting lvophili-
sate was an instantly soluble amorphous powder. This was conven-
lently reconstituted to a clear solution by adding injectable
water or a 5% aqueous glucose solution. The reconstituted so-
lution with 0.3 - 0.6 mg/ml dissolved paclitaxel concentra-
tion remained stable for ‘at least 24 hours at room temperature.

Example I.12: Parenteral composition for intravenocus use

100 mg of paclitaxel dissolved in 10 ml of ethanol was
added to 15.0 g of amorphised large surface area acetyl-y-

cyclodextrin. To the wet powder an additional 10 ml of ethanol
was added and the powder was dissolved in 80 ml of distilled
water resulting in a clear solution with 1.25 mg/ml nominal
paclitaxel concentration. This solution was frozen quickly on
dry-ice and freeze-dried to yield a white lyophilisate with 0.7
+ 0.05 %w paclitaxel content.

This lyophilisate was readily reconstituted to 100 ml

using a 5% w/v aqueous dextrose solution. A clear solution
with 1.0 mg/ml paclitaxel concentration was obtained which

was ready to use for intravenous application.

1I. BIOLOGICAL STUDIES

The aim of these studies was to evaluate some specific

side effects of intravenous administration of paclitaxel.



CA 02309326 2007-06-06

18

Cardiovascular and respiratory effects of paclitaxel following
intravenous administration were examined on a total of 7 bea-
gle dogs maintained under a-chloralose/sodium pentcbarbitone
anaesthesia.
S IT.1. TEST SUBSTANCES

A. Paclitaxel 1 ml liguid (30 mg/ml in ethanol) supplied
in vials. Dissolved in the vehicle Cremophor ELP : ethanol 1:1
on the course of the test.

B. Paclitaxel/AcyCD white crystalline powder; prepared ac-

10  cording to the above-identified Example I. 1.6. Dissolved in

vehicle 2.5% w/v aqueous dextrose on the course of the test.

II.2. METHODS

The following parameters were recorded or derived and served

15 as indicators of the functional status. cf the various elements
within the cardiovascular and respiratory systems. The units
of measurement are stated in parenthesis.

RNt RN NP RRIRISARBNANTR GNP S SGRUE P ROP 002810000 PP P SRR ONQ S PR U PRSI GA R RRC 00N OG B VA 0 0l O RQE YNGR E A AERRE SO g RI RO B e eI rR RYTORIR R R LR FOOPRTIC IR 0L ¢S A0 OGP aba iR P IPtea sl OO RSP INPRAS 44BN OPIESrRbasUDRQroRYRa g

. (mmbKHg)
. Heart rate (beats/minute)

- -
v dsnewn ShRere rPReSAeSy QWMM“.m.mn.—-m.‘mm“..".-.m“wn..n..““-.-.’..“Q.“."I...“.“"ﬂ"M....“'.““.“.'“..‘.m.““mm.“mm.“m..."“QQO‘
[ ]

: Left ventricular systolic pressure (mmHg) | Contracule status of the myocardium

4
P e nd R INe v R sttt asea sttt enetone I TN 0800 r e tniIntEIres st tadlaeertterniteet Ve 0ee it ndrecacdurdntePeesss cslttagrieces srit iR trrnoset ittt uaatet fUsevsenesa i tidanose st d iRl aiviuc s sl g Paesesasaciuonitotnnry
’

Electrodiagram (leadH) i Electrical status of the myocardium

s n oyl N9 Beesgadeitae - R OhSensantodee Ao ad el dNaRNeTLT SRR ASERe b aveay SSaett AVt Asd hanl Gt ¢ OW 04 Syt MSmavadt \avecsvasanitase
-

: Femoral flow (ml/minute) - Status and resistance of the peripheral
Femoral resistance (mmHe/ml/minute)  tvasculature o
. Respiration rate (breaths/minute) : General respiratory status

: Respiration minute volume (ml)

50 Anaesthesia was initiated by i.v. injection of sodium

thiopentone and maintained through an i.v. with a mixture of
a-chloralose and sodium pentobarbitone given as required. Body

temperature was maintained at a constant level.

The trachea was cannulated and the canule connected to a
25 pneumotach screen to allow measurement of tidal volume (ml)
and the derived parameters of respiration rate (br/min) and
minute vclume (ml). Catheters were introduced into the rigat
femoral artery and & cephalic vein to facilitate measurements
of blood pressure and the administration of vehicle, test sub-
30 stances and anaesthetic respectively. The femoral artery weas
connected to a heparin/saline filled pressure transducer, cou-
pled to a Grass 7E polygraph. Heart rate was derived elec-
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tronically from the blood pressure signal.

An ultrasonic flow probe was positioned around the left
femoral artery and connected to & blood flow meter coupled to
the Grass polygraph to record femoral blood flow (ml/min).

A catheter was introduced into the left carotid artery and
advanced into the left ventricle to faclilitate the measurement
of the left ventricular systolic pressure (LVSP). The catheter
was connected to a heparin/saline-filled pressure transducer
and the LVSP signal was displayed on the Grass polygraph.

Subcutaneous needle electrodes were inserted in the appro-
priate limbs in order to monitor the electrocardiogram which
was displayed on the Grass polygraph. Various signals were
transferrec from the Grass polvgraph to a computer and the
captured data was analysed and displayed.

Following a 30 minute stabilization period, the vehicle
was administered through an i.v. at a dose volume of 7.0 ml/kg
over a period of 15 minutes. Forty-five minutes later and a
minimum of 45 minutes intervals thereafter doses of the drugs
were administered through an i.v. at a dose volume of 7.0 ml/kg
again over 15 minutes each. The parameters were monitored for at

least 45 minutes from the start of infusion. All doses were

administered using a KdS model 200 infusion pump.

Following samples were tested:

N° Animal  Vehicle1.v. Drug Drug Dose

7 mVkG, 15 min. mg/m"
1. Cremophor ELP : ethanol paclitaxel 6; 60
2. Cremophor ELP : ethanol paclitaxel 6; 60
3. 2901AK Cremophor ELP : ethanol none -
4. 2841AK Cremophor ELP : ethanol none -
5. D2515 2 5% dextrose/ in water paclitaxel/AcyCD* 10: 20; 40; 60
6. D2937 2.5% dextrose/ in water  paclitaxel/AcyCD™ 40, 10, 60, 90
7. DS 2.5% dextrose/ in water  paclitaxel/AcyCD"™  90; 120; 240
"= prepared according to Example 1.6.

All parameters including high resoclution (50 mm/sec) re-
cordings of the EZG were measured at 5 minute intervals during
the stabilizaticn period and at 0.5, 1, 2 and 5 minute inter-
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vals post-dose following vehicle and drug administration. At
the end of the full observation period the animals were sacri-

ficed with an overdose of sodium pentobarbitone through the 1i.v.

II.3. RESULTS
Animals

1 and 2 Administration of 6 and €60 mg/m’ paclitaxel in Cremo-

Results

phor ELP : ethanol 1:1 was discontinued because of

premature death of the animals.

3 and 4 Intravenous administration of Cremophor ELP : ethanol

S, 6,

I

7

.4 .

at both dose levels (corresponding to the doses used
with 6 and 60 mg/m’ paclitaxel respectively) induced an
anaphvlactic type response: immedlate decrease 1n ar-
terial blood pressure, heart rate, left ventricular
systolic pressure and left ventricular dp/dt maximum
of similar magnitude in both animals. Little or no re-
covery 1in any cardiovascular parameter was observed
o0st—-dose. Both doses levels induced ventricular ec-
topic beats, reduced the overall amplitude of the ECG
wave-form, caused notching of the T-wave and reduction
in T-wave amplitude. In animal 2841AX the vehicle also
induced elevation of the S-T segment.

As a result of these finding 1t may be concluded that
the solvent-mixture per se 1is toxic and should be
avoided as an i.v. administration.

Administration of 2.5% w/v of dextrose at a dose vol-
ume of 7 ml/kg induced no overall overt effects on any
of the cardiovascular or respilratory parameters 1in thne
3 animals tested. Addition of the paclitaxel/AcyCD
doses up to 240 mg/m2 in general caused only small
changes in the measured cardiovascular and respiratory
parameters. These small changes included slight

increases in arterial blood pressure and left
ventricular systolic pressure, accompanied by decreases
in heart rate and left ventricular dp/dt maximum. Other
inconsistent changes included increases in femoral
flow, tidal volume and respiration rate. These findings

were reversible.

FIGURES



CA 02309326 2007-06-06

- -— eV an.an Wt g0 Yt N W W - =

21

To illustrate an important parameter of the results the
effect on arterial blood pressure fecllowing i.v. admini-
stration 1in the anaesthetised beagle dog 1s shown 1n Fig-
ures 1 to 6:

5 Arterial blood pressure (mmHg) versus time (minutes):

-0—0—0— gsystolic —A—A—Aa— dilastolic.

Graph animal  vehicle drug
mg/m*

Figure 1 2901AK Cremophor : ethanol none

Figure 2 2841AK Cremophor : ethanol none

Figure 3 D2515  2.5% dextrose in water paclitaxel/AcyCD Ex. L. 6.
10, 20, 40, 60

Figure 4 D5 2.5% dextrose in water paclitaxel/AcyCD Ex. 1. 6.
120, 90, 240

Figure 5 D2937  2.5% dextrose 1n water paclitaxel/AcyCD Ex. 1.6
10, 90: 40; 60

Figure 6 DS 2.5% dextrose in water paclitaxel/AcyCD Ex. 1. 6

mean 120; 90; 240

pressure

II.5. SUMMARY:

10 Intravenous administration of the Cremophor ELP : ethanol
1:1 vehicle as well as paclitaxel along with this vehicle

caused an anaphylactic type reaction and is thus inadeguate to
be administered. Administration'of paclitaxel/acetyl-y-CD
(from 20 mg up to 240 mg/m°) in aqueocus dextrose as vehicle

15 failed to produce marked and persistent cardiovascular overt

effects on any of the parameters in any of the animals tested.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for the preparation of rapidly water-
soluble products for pharmaceutical use comprising
the steps of:

a) forming a solution by dissolving in ethanol a
taxoid selected from the group consisting of
paclitaxel, docetaxel, a salt thereof, a hydrate
thereof, and a solvate thereof,

b) adding to the solution a lyophilized solid
cyclodextrin derivative selected from the group
consisting of acetyl-y-cyclodextrin and hydroxy-
propyl-B~cyclodextrin, and

c) evaporating the ethanol and drying to obtain a
solid comprising:

A. the taxoid as the active ingredient, and

B. the cyclodextrin derivative,

whereby the weight ratio of taxoid:cyclodextrin
derivative ranges between 1:25 and 1:400, and
whereby when hydroxy-propyl-pf-cyclodextrin is
used, the taxoid can be only docetaxel in a 1:25

to 1:100 taxoid :cyclodextrin weight ratio.

2. A process for the preparation of a solution in water
of rapidly water-soluble solid products for
pharmaceutical use comprising the steps of:

a) forming the solution by dissolving in ethanol a
taxoid selected from the group consisting of
paclitaxel, docetaxel, a salt thereof, a hydrate
thereof, and a solvate thereof, and thereafter

performing any one of the following steps:
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i) adding to the solution a so0lid cyclodextrin
derivative selected from the group
congisting of acetyl-y-cyclodextrin and
hydroxy-propyl-B-cyclodextrin, dissolving
the mixture in an aqueous solvent, and
lyophilizing the resulting solution to
obtain a rapidly soluble solid; or

ii) adding to the solution a lyophilized solid
cyclodextrin derivative selected from the
group consisting of acetyl-y-cyclodextrin
and hydroxy-propyl-f-cyclodextrin,
evaporating the ethanol and drying to
obtain the rapidly soluble solid; and

b) dissolving the rapidly soluble solid in water
thus obtaining the solution for direct medical
treatment comprising:

A. the taxoid as the active ingredient, and

B. the cyclodextrin derivative,

wherein the weight ratio of taxoid:cyclodextrin

ranges between 1:25 and 1:400, and whereby when

hydroxy-propyl-f-cyclodextrin is used, the

taxoid can be only docetaxel in a 1:25 to 1:100

taxoid :cyclodextrin weight ratio.

A process for the preparation of rapidly water-
goluble solid products for pharmaceutical parenteral
use comprising the steps of:

a) dissolving in ethanol a taxoid selected from
the group consisting of paclitaxel, docetaxel, a
salt thereof, a hydrate thereof and a solvate
thereof to form a solution,

b) adding to the solution a lyophilized solid

cyclodextrin derivative gelected from the group
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consisting of acetyl-y-cyclodextrin and hydroxy-
propyl-B-cyclodextrin,

evaporating the ethanol and drying to obtain an
rapidly soluble solid,

dissolving said sélid in an agqueous solvent thus
obtaining an aqueous solution, and

freezing this solution and lyophilizing it to

obtain an rapidly soluble lyophilizate

comprising:
A. the taxoid as the active ingredient, and
B. the cyclodextrin derivative,

wherein the weight ratio of taxoid:cyclodextrin
ranges between 1:25 and 1:400, and whereby when
hydroxy-propyl-p-cyclodextrin is used, the

taxoid can be only docetaxel in a 1:25 to 1:100

taxoid :cyclodextrin weight ratio.

A process for the preparation of a solution in water

of rapidly water-soluble solid products for

pharmaceutical parenteral use comprising the steps

of:

a)

b)

d)

dissolving in ethanol a taxoid selected from the
group consisting of paclitaxel, docetaxel, a
salt thereof, a hydrate thereof, and a solvate
thereof to form the solution,

adding to the solution a lyophilized solid
cyclodextrin derivative selected from the group
consisting of acetyl-y-cyclodextrin and hydroxy-
propyl-B-cyclodextrin,

evaporating the solvent and drying to obtain an
rapidly soluble solid,

dissolving said solid in an agueous solvent thus

obtaining an agueous solution,
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e) freezing the aqueous solution and lyophilizing
it to obtain a rapidly soluble solid
lyophilizate, and

£) re-dissolving the lyophilizate in water thus
obtaining the solution comprising:

A. the taxoid as the active ingredient, and
B. the cyclodextrin derivative,

wherein the weight ratio of taxoid:cyclodextrin
derivative ranges between 1:25 and 1:400, and
whereby when hydroxy-propyl-f-cyclodextrin is
used, the taxoid can be only docetaxel in a 1:25

to 1:100 taxoid :cyclodextrin weight ratio.

The process for the preparation of solutions
according to claim 2 or 4, wherein the aqueous
solvent comprises: injectable quality water or a
water solution, the solution comprising an
isotonizing additive, wherein the isotonizing
additive is sodium chloride, glucose or dextrose in
an amount capable of isotonizing the aqueous

solution.

The process for the preparation of solid products
according to claim 1 or 3, wherein the cyclodextrin
derivative comprises: acetyl-Y-cyclodextrin having a
degree of acetylation between 2 to 12 acetyl groups
per cyclodextrin ring, or hydroxy-propyl-f-
cyclodextrin having a degree of substitution between

2 to 10 hydroxypropyl groups per cyclodextrin ring.

The process for the preparation of solid products
according to claim 1 or 3, wherein the cyclodextrin

derivative comprises: acetyl-Y-cyclodextrin having a



10.

11.

12.

13.

14.
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degree of acetylation of 8 acetyl groups per

cyclodextrin ring.

The process for the preparation of solutions
according to claim 2 or 4, wherein the cyclodextrin
derivative comprises: hydroxy-propyl-p-cyclodextrin
having a degree of substitution between 4 to 6

hydroxypropyl groups per cyclodextrin ring.

The process for the preparation of solid products
according to claim 1 or 3, wherein the paclitaxel 1s
used in its hydrated form or in its ethanol solvate

form.

Rapidly soluble solid products for pharmaceutical use
prepared by the process according to any one of

claims 1, 3, 6, 7, and 9.

Solutions of a solid product prepared according to

claim 1 or 3 in agueous solvents.

Pharmaceutical compositions comprising a solid
product prepared by the process according to any one

of claims 1, 3, 6, 7, and 9.

Use of the solid product prepared by the process
according to any one of claims 1, 3, 6, 7, and 9 for

the treatment of cancer.

Pharmaceutical compositions comprising a solution

prepared by the process according to any one of

claims 2, 4, 5, and 8.
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15. Use of the solution prepared by the process according
to any one of claims 2, 4, 5, and 8 for the treatment

of cancer.
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