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10 ANEXOS

Comprobante de pago de la tasa de presentacion de la solicitud.  $422.000

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona juridica.

Poderes, sifuere ¢l caso. Fotocopia Autenticada Anexa

Documento de cesion del inventor al solicitante o a su causante.

Declaraciones

Copia de la solicitud intemacional. (Resumen, descripcion, reivindicaciones, dibujos)

Traduccién de la solicitud intemacional al castellano. (Resumen, descripeion, refvindicaciones, dibujos)

Copia del examen preliminar efectuado por la IPEA.

Traduccion del examen preliminar efectuado por la IPEA.

De ser el caso, copia del contrato de acceso.

D De ser el caso, documento que acredite la licencia o autorizacion de uso de conocimientos tradicionales de las comuni-
dades indigenas.

[ ] Deserel caso, certiicado de depésito del material biologico.

[ Atefinal 12¢12. _

[:I De ser el caso, informacion sobre ofras solicitudes de patente o titulos obtenidos en el exiranjero por el mismo fitular o su
causante, relacionadas parcial o totalmente con la invencion de esta solicitud.

Otros Tarjeta de Propietarios

11 FAIGURA CARACTERISTICA:

Instrucciones para la presentacion de los anexos, ver reverso de esta pagina.
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(54) Title: PHARMACEUTICAL FORMULATION FOR THE INTRAMUSCULAR ADMINISTRATION OF FULVESTRANT

{57) Abstract: The invention relates to a sostained release pharmaceulical formulation adapted for administration by injection con-
taining the compound fulvestrant, 7 a-[9-(4,4,5,5,5-pentafluoropentylsulphiny )nony1joestra-1,3,5(10)-tdene-3,17 B-diol, at con-
centration of at Jeast 100mg/ml in solution in a ricinoleate vehicle which additionally comprises at least one alcohol and a non-aque-

ous ester solvent which is miscible in the ricinoleate vehicle.
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The invention relates to a sustained release pharmaceutical formulation adapted for
administration by injection containing the compound fulvestrant, 7a-[9-(4,4,5,5,5-
pentafluoropentylsulphinyl)nonyljoestra-1,3,5(10)-triene-3,17B-diol, at concentration of at
least 100mg/ml in solution in a ricinoleate vehicle which additionally comprises at least one
alcohol and a non-aqueous ester solvent which is miscible in the ricinoleate vehicle.

Oestrogen deprivation is fundamental to the treatment of many benign and malignant
diseases of the breast and reproductive tract. In premenopausal women, this is achieved by
the ablation of ovarian function through surgical, radiotherapeutic, or medical means, and, in
postmenopausal women, by the use of aromatase inhibitors.

An alternative approach to oestrogen withdrawal is to antagonise oestrogens with
antioestrogens. These are drugs that bind to and compete for oestrogen receptors (ER) present
in the nuclei of oestrogen-responsive tissue. Conventional nonsteroidal antioestrogens, such
as tamoxifen, compete efficiently for ER binding but their effectiveness is often limited by the
partial agonism they display, which results in an incomplete blockade of oestrogen-mediated
activity (Furr and Jordan, Pharmacology & Therapeutics, 25:127-206, 1984; May and
Westley, J Biol Chem 262:15894-15899, 1987).

The potential for nonsteroidal antioestrogens to display agonistic properties prompted
the search for novel compounds that would bind ER with high affinity without activating any
of the normal transcriptional hormone responses and consequent manifestations of oestrogens.
Such molecules would be “pure™ antioestrogens, clearly distinguished from tamoxifen-like
ligands and capable of eliciting complete ablation of the trophic effects of oestrogens. Such
compounds are referred to as Estrogen Receptor-Downregulators (E.R.D.). The rationale for
the design and testing of novel, pure antioestrogens has been described in: Bowler et al 1989,
Wakeling 1990a, 1990b, 1990c. Wakeling and Bowler 1987, 1988.

Steroidal analogues of oestradiol, with an alkylsulphinyl side chain in the 7a; position,
provided the first examples of compounds devoid of oestrogenic activity (Bowler et al 1989).
One of these, 7a-[9-(4,4,5,5,5-pentafluoropentyl sulphinyl)nonyl]oestra-1,3,5-(10)triene-
3,17B-diol was selected for intensive study on the basis of its pure oestrogen antagonist
activity and significantly increased antioestrogenic potency over other available

antioestrogens. [n vitro findings and early clinical experience with

WO 03/006064 PCT/GB02103092 7{
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70-[9-(4,4,5,5,5-pentafluoropentylsulphinyhnony}joestra-1,3-5(10)-triene-3,17p-diol hav

promoted interest in the development of the drug

a therapeutic agent for oestrogen-
dependent indications such as breast cancer and ¢ rtain benign gynaecological conditions.
- To-{9-(4,4,5,5,5-Pentafluoropentylsulphinyi)nonyljoestra-1,3-5(10)-triene-3,17B-djol,
or ICI 182,780, has been allocated the international non-proprietary name fulvestrant, which is
used hereinafier. When referring to fulvestrant we Ea include pharmaceutically-acceptable salts
thereof and any possible solvates of either thereof.
Fulvestrant binds to ER with an affinity simjlar to that of oestradiol and completely

blocks the growth stimulatory action of oestradiol oh human breast cancer cells in vitro; it i

more potent and more effective than tamoxifen in this respect. Fulvestrant blocks completely
the uterotrophic action of oestradiol in rats, mice am";l monkeys, and also blocks the
uterotrophic activity of tamoxifen.

Because fulvestrant has none of the oestrogej—like stimulatory activity that is

characteristic of clinically available antioestrogens such as tamoxifen or toremifene, it may
offer improved therapeutic activity characterised by more rapid, complete, or longer-lasting
tumour regression; a lower incidence or rate of develg pment of resistance to treatment; and a
reduction of tumour invasiveness. ,i

In intact adult rats, fulvestrant achieves maximum regression of the uterus at a dose

which does not adversely affect bone density or lead tp increased gonadotrophin secretion. If
also true in humans, these findings could be of extreme importance clinically. Reduced bone
density limits the duration of oestrogen-ablative trea ‘ent for endometriosis. Fulvestrant does
not block hypothalamic ER. Oestrogen ablation also cguses or exacerbates hot flushes and
other menopausal symptoms; fulvestrant will not cause such effects because it does not cross
the blood-brain barrier.
European Patent Application No. 0138 504 diLcloses that certain steroid derivatives

are effective antioestrogenic agents. The disclosure includes information relating to the

preparation of the steroid derivatives. In particular ther¢ is the disclosure within Example 35
of the compound 7c.-{9-(4,4,5,5,5-pentafluoropentyisulphinyl)nonyl]oestra- |
1,3,5(10)-triene-3,17B-diol, which compound is specifically named in Claim 4. It is also
disclosed that the compounds of that invention may be provided for use in the form of a

pharmaceutical composition comprising a steroid derivative of the invention together with a
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pharmaceutically-acceptable diluent or carrier. It is stated therein that the composition can be
in a form suitable for oral or parenteral administration. ‘ |

Fulvestrant shows, along with other steroidal based compounds certain physwal
properties which make formulation of these compounds difficult. Fulvestrantisa partxcularly
lipophilic molecule, even when compared with other steroidal compounds, and its aqueous
solubility is extremely low at around 10 ngml (this is an estimate from a water/solvent
mixture solute since measurements this low could not be achieved in a water only solute).

Currently there are a number of sustained release injectable steroidal formulations
which have been commercialised. Commonly these formulations use oil as a solvent and
wherein additional excipients may be present.

In US 5,183,814 Example 3 an oil based injection formulation of fulvestrant is
described which comprises 50mg of fulvestrant, 400mg of benzyl alcohol and sufficient castor
oil to bring the solution to a volume of 1 ml. Manufacture at a commercial scale of a
formulation as described in US 5,183,814 will be complicated by the high alcohol
concentration. Therefore, there is a need to lower the alcohol concentration in fulvestrant
formulations whilst preventing precipitation of fulvestrant from the formulation.

The Table below shows the solubility of fulvestrant in a number of different solvents.

SOLUBILITY OF FULVESTRANT
SOLVENT SOLUBILITY
(mgml”’ at 25°C)
Water 0.001
Arachis oil 0.45
Sesame oil 0.58
Castor oil 20
Miglyol 810 3.06
Miglyol 812 2.72
Ethyl oleate 1.25
Benzyl benzoate 6.15
Isopropyl myristate 0.80

Span 85 (surfactant) 3.79
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Ethanol 5500
Benzy! Alcohol " >200

As can be seen fulvestrant is significantly more soluble in castor oil than any of th

“other oils tested. The greater solvating ability of c&stor oil for steroidal compounds is kno

and 15 attributed to the high number of hydroxy grc ups of ricinoleic acid, which is the major

constituent of the fatty acids within the triglyceridelis present in castor oil - see (Riffkin et.al. J.

Pharm. Sci., (1964), 53, 891).

Our earlier application PCT/GB01/00049, WO 01/51056, describes certain fulves

formulations at a most preferred concentration of 5

formulation with a solubility up to 102 mg/ml - seg

Dmg/ml. This application disclosed ong

the last formulation in Table 3 thereof

with 15 % weight of ethanol per volume of formujtion, 15 % weight of benzyl alcohol pexl

volume of formulation, 15 % weight of benzyl ben?

ricinoleate vehicle. However there is a need for fur

contain high concentrations of fulvestrant to faciliuT&e administration thereof at higher dose%

or less frequent intervals.

According to another aspect of the inventior
formulation adapted for intramuscular injection comprising 100 mg/ml or more of fulvestr
10 % or more weight of a pharmaceutically acceptalrle alcohol per volume of formulation
vehicle, 5 % or more weight of a pharmaceutically Tceptable non-aqueous ester solvent pef

bf

formulation vehicle provided the formulation vehiclg comprises at least 5 % weight of ethanol

volume of formulation vehicle and 5 % or more wcﬁght of ricinoleate excipient per volume

per volume of formulation vehicle and provided tha
fulvestrant up to 102 mg/ml, 15 % weight of ethanol
weight of benzy! alcohol per volume of formulation

per volume of formulation vehicle and 30 % or more

volume of formulation vehicle.

oate per volume of formulation in a

ther formulations of fulvestrant that

there is provided a phannaceutical

the following formulation is excluded:
per volume of formulation vehicle, 15
vehicle, 15 % weight of benzyl benzoat

weight of ricinoleate excipient per

A preferred pharmaceutical formulation adapted for intramuscular injection is one
comprising 105 mg/ml or more of fulvestrant, 10 % ¢r more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehiclg, 5 % or more weight of a

pharmaceutically acceptable non-aqueous ester solvept per volume of formulation vehicle and

5 % or more weight of ricinoleate excipient per vol

formulation comprises at least 5 % weight of ethanolper volume of formulation vehicle.

ne of formulation vehicle provided the

t

W

K

. @
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A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 110 mg/m! or more of fulvestrant, 10 % or more weight of a phanﬁécéutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a -
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation
vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 115 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume bf formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation
vehicle,

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 120 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation
vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 130 mg/ml or more of fulvestrant, 15 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipieht per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation
vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 140 mg/ml or more of fulvestrant, 15 % or more weight of a pharmacentically
acceptable alcohol per volume of formulation vehicle, 12.5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and

5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
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formulation vehicle comprises at least 10 % weiéht of ethanol per volume of formulatio}

vehicle.

A more preferred pharmaceutical formuldtion adapted for intramuscular injection
one comprising 150 mg/ml or more of fulvestrant, 15 % or more weight of a pharmaceut
acceptable alcohol per volume of formulation vehicle, 17.5 % or more weight of a

pharmaceutically acceptable non-aqueous ester s‘t"rlvent per volume of formulation vehicle and

5 % or more weight of ricinoleate excipient per !
formulation vehicle comprises at least 10 % weig

vehicle.

Another aspect of the invention provides pny of the formulations described hereis

stated as having any minimum ethanol content re
described in the paragraph immediately above be
for intramuscular injection is one comprising 15(
weight of a pharmaceutically acceptable alcohol
more weight of a pharmaceutically acceptable no
formulation vehicle and 5 % or more weight of ri
formulation vehicle.
According to another aspect of the inventi
formulation having a solubility for fulvestrant of
injection comprising; |

100 mg/ml or more of fulvestrant;

moved. For example, the formulation
comes: a pharmaceutical formulation aq
mg/ml or more of fulvestrant, 15 % or
ver volume of formulation vehicle, 17.5
n-aqueous ester solvent per volume of

cinoleate excipient per volume of

on there is provided a pharmaceutical

at least Y mg/ml adapted for intramuscy

5% (w/v) or more castor oil per volume of form

and at least the following amounts (% weight/vol)
(ETOH), benzyl alcohol (BA), benzyl benzoate (BB) determined by the algorithm:
Y =-29.77+5.44 x ETOH + 2.38 x BA + 1.57 x/BB

wherein x is at least 100, ETOH is at least 5, BA
A preferred pharmaceutical formulation i
consisting of 105,110, 115, 120, 125, 130, 135,
200.
A more preferred pharmaceutical formula
group consisting of 120, 125, 130, 135, 140, 145
A more preferred pharmaceutical formula
group consisting of 150, 155, 160, 170, 180, 190

ation vehicle;

e of formulation vehicle) of ethanol

is at least 5 and BB is at least 5.
one wherein Y is selected from the grg
140, 145, 150, 155, 160, 170, 180, 190,

tion is one wherein Y is selected from t
, 150, 155, 160, 170, 180, 190, and 200
tion is one wherein Y is selected from t
and 200.

"PCT/GB02/03092

ht of ethanol per volume of formulation

=

) iS

ically

olume of formulation vehicle provided ithe

lapted

more

% or

up
and

he

he
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A more preferred pharmaceutical formulation is one wherein Y is selected frpm 150,

A\
yasu

} 155, 160, 170, 180, 190 and 200 and the formulation comprises at least 150mg/ml of
fulvestrant. _ :
A more preferred pharmaceutical formulation is one wherein Y is 200 and the
5 formulation comprises at least 200mg/m! of fulvestrant.
*[ According to another aspect of the present invention there is provided a pharmaceutical
| formulation having a solubility for fulvestrant of at least 100 mg/ml adapted for intramuscular
‘ injection comprising;
100 mg/ml or more of fulvestrant;
} 10 5% (w/v) or more castor oil per volume of formulation vehicle;
and at least the following amounts (% weight/volume of formulation vehicle) of ethanol
| (EtOH), benzyl alcohol (BA), benzyl benzoate (BB) determined by the algorithm:
| 100 = -29.77 + 5.44 x ETOH + 2.38 x BA + 1.57 x BB; and
p provided that the following formulation is excluded: fulvestrant up to 102 mg/ml, 15 %
' 15 weight of ethanol per volume of formulation vehicle, 15 % weight of benzyl alcohol per
volume of formulation vehicle, 15 % weight of benzyl benzoate per volume of formulation
vehicle and 30 % or more weight of castor oil per volume of formulation vehicle.
According to another aspect of the invention there is provided a pharmaceutical
formulation comprising fulvestrant at a concentration of at least 100 mg/ml in which the
| 20 formulation is adapted for intra-muscular injection into a human and which is capable after
injection of attaining a therapeutically significant blood plasma fulvestrant concentration in a
| human for at least 2 months and provided that the following formulation is excluded:
[’ fulvestrant up to 102 mg/ml, 15 % weight of ethanol per volume of formulation vehicle, 15 %
‘ . weight of benzyl alcohol per volume of formulation vehicle, 15 % weight of benzyl benzoate
25 per volume of formulation vehicle and 30 % or more weight of ricinoleate excipient per
volume of formulation vehicle.
According to another aspect of the invention there is provided a pharmaceutical

formulation comprising fulvestrant in which the formulation is adapted for intra-muscular

N injection into a human and which is capable after injection of attaining a therapeutically

30 significant blood plasma fulvestrant concentration in a human for at least 2 months.
According to another aspect of the invention there is provided a pharmaceutical

|
| formulation comprising fulvestrant at a concentration of at least 100 mg/ml in which the

B formulation is adapted for intra-muscular injection into a human and which is capable after
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injection of attaining a therapeutically significant hlood plasma fulvestrant concentration jna

human for at least 2 months.

According to another aspect of the invehtiTn there is provided a pharmaceutical
formulation comprising fulvestrant at a concentratijon of at least 150 mg/ml in which the
formulation is adapted for intra-muscular injection into a human and which is capable after
injection of attaining a therapeutically significant Elood plasma fulvestrant concentration in a
human for at least 2 months. |

According to another aspect of the inventioih there is provided a pharmaceutical
formulation comprising fulvestrant at a concentration of at least 200 mg/ml in which the
formulation is adapted for intra-muscular injection jinto a human and which is capablev after]
injection of attaining a therapeutically significant b){‘ood plasma fulvestrant concentration in a
human for at least 2 months.

According to another aspect of the invention there is provided a pharmaceutical

formulation comprising fulvestrant at a concentration of at least 300 mg/m] in which the

i .
formulation is adapted for intra-muscular injection into a human and which is capable after

=

injection of attaining a therapeutically significant blgod plasma fulvestrant concentration in

human for at least 2 months.

According to one aspect of the invention there is provided any one of the following

pharmaceutical formulations comprising about:
i)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

15% weight per volume of benzyl benzoate
500-555mg of fulvestrant for each Sml of finished fow mulation
and the remaining amount as castor oil;

i1)

10% weight per volume of ethanol

20% weight per volume of benzy! alcohol
30% weight per volume of benzyl benzoate
500-700mg of fulvestrant for each Sml of finished fonwLulation
and the remaining amount as castor oil;
iii)

10% weight per volume of ethanol
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- 20% weight per volume of benzyl alcohol

50% weight per volume of benzyl benzoate - |
500~750mg of fulvestrant for each Sml of finished formulation -
and the remaining amount as castor oil; |

iv)

20% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate

500-1175mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;

V) .

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol

50% weight per volume of benzyl benzoate

500-810 mg of fulvestrant for cach Sml of finished formulation
and ihe_ remaining amount as castor oil;

vi)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol

50% weight per volume of benzyl benzoate

500 mg of fulvestrant for each 5ml of finished formulation

~ and the remaining amourit as castor oil;

25

30

vii)

15% weight per volume of ethanol

20% weight per volume of benzy! alcohol
30% weight per volume of benzyl benzoate

500-630mg of fulvestrant for each Sml of finished formulation

and the remaining amount as castor oil;
viii) -

10% weight per volume of ethanol

“20% weight per volume of benzyl alcohol

) 50%'weight per volume of benzyl benzoate
* 750mg of fulvestrant for each Sml of finished formulation

; N

|o
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|
and the remaining amount as castor oil; |
ix)

20% weight per volume of ethanol

20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sml of finished forri
and the remaining amount as castor oil;

X)

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sml of finished forn
and the remaining amount as castor oil;
xi)

9% weight per volume of ethanol

nulation

aulation

19% weight per volume of benzyl alcohol
47% weight per volume of benzyl benzoate

;‘

700mg of fulvestrant for each 5m] of finished fomlulation

and the remaining amount as castor oil;
xii)

14% weight per volume of ethanol

19% weight per volume of benzyl alcohol
48% weight per volume of benzyl benzoate

700mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil;
xiii)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol
45% weight per volume of benzyl benzoate

750mg of fulvestrant for each Sml of finished formlﬂation

and the remaining amount as castor oil;
Xiv)

9% weight per volume of ethanol

PCT/GB02/0309

Lo g
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19% weight per volume of benzyl alcohol
47% weight per volume of benzyl benzoate

750mg of fulvestrant for each Sm! of finished fonnulatioq. .

and the remaining amount as castor oil;
XV)
19% weight per volume of ethanol

- 19% weight per volume of benzyl alcohol

28% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;

xvi)

14% weight per volume of ethanol

9% weight per volume of benzyl alcohol

47% weight per volurne of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;

xXvii)

14% weight per volume of ethanol

19% weight per volume of benzyl alcohol

47% weight per volume of benzy! benzoate

750mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil;

xviii)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

45% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5m! of finished formulation
and the remaining amount as castor oil;

xix)

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol

45% weight per volume of benzyl benzoate

750mg of fulvestrant for each Sml of finished formulation

PCT/GB02/03092
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and the remaining amount as castor oil;
XX)
20% weight per volume of ethanol -
20% weight per volume of benzyl alcohol
5 25% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sml of finished forthulation
and the remaining amount as castor oil;
Xxi)
10% weight per volume of ethanol
10 30% weight per volume of benzyl alcohdl
25% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;
xxii)

25% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished form Jlation

and the remaining amount as castor oil;

10% weight per volume of ethanol
30% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5m of finished formylation
25 and the remaining amount as castor oil;
15% weight per volume of ethanol
* 25% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
30 -750mg of fulvestrant for each 5m! of finished formulation
and the remaining amount as castor oil; |

XXV)

15% weight per volume of ethanol

‘PCT/GB02/0309




10

15

20

25

WO 03/006064 PCT/GB02/03092

25% weight per volume of benzyl alcohol -

25% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation. . .

and the remaining amount as castor oil; and

xxvi)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate

750mg of fulvestrant for each S5ml of finished formulation

and the remaining amount as castor oil. A ‘

The term “comprising about” in this context means that the numerical value assigned
to each component of the formulation may be varied independently to accommodate
manufacturing specifications encountered by a skilled person when making up the
formulations. Typically this means plus or minus 5%, more preferably plus or minus 4%,
more preferably plus or minus 3%, more preferably plus or minus 2%, moreAprefembly plus or
minus 1%. In a preferred embodiment, more variation in drug leve! is allowed compared with

other components. For example:

Drug (+/- %) Other components (+/- %)
5 _ 4,3,20r1l
4 13,2 or1
3 2orl
2 1

The individual formulations described herein may comprise further excipients

-commonly used in the formulation field including, for example, an antioxidant preservative, a

colorant or a surfactant,

According to another aspect of the invention there is provided any one of the following:
pharmaceutical formulations:
i)
10% weight per volume of ethanol
20% weight per volume of benzy! alcohol
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15% weight per volume of benzyl benzoate
500-555mg of fulvestrant for each 5ml of finished
and the remaining amount as castor oil
ii)
5 10% weight per volume of ethanol
20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
500-700mg of fulvestrant for each 5ml of finished
and the remaining amount as castor oil
10 iii)
'10% weight per volume of ethanol
20% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate

,13

'!!
|

N " PCT/GB02/0309
B

formulation

k’onnﬁlati'ion
|
|
.

i

500-750mg of fulvestrant for each Sml of finished Pnnulati%n

15 and the remaining amount as castor oil
iv)
20% weight per volume of ethanol
20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate

20 500-1175mg of fulvestrant for each 5Sml of finished fi

and the remaining amount as castor oil

v) |

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol
25 50% weight per volume of benzyl benzoate

500-810 mg of fulvestrant for each Sml of finished fﬁlnnulagiop

and the remaining amount as castor oil
Vi)
15% weight per volume of ethanol
30 20% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
500 mg of fulvestrant for each 5ml of finished form

and the remaining amount as castor oil

tion
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- vii)

15% weight per volume of ethanol
20% weight per volume of benzy! alcohol
30% weight per volume of benzy] benzoate
500-630mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil
viii)
10% weight per volume of ethanol
20% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil
x)
20% weight per volume of ethanol
20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil
X)
15% weight per volume of ethanol
IO% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoéte
750mg of fulvestrant for each 5ml of finished formulation
and the refnaining amount as castor oil.
A preferred pharmaceutical formulation described herein is one wherein the
pharmaceutically-acceptable alcohol is a mixture of ethanol and benzyl a.lcohoi.

A preferred pharmaceutical formulation described herein is one wherein the

pharmaceutically-acceptable non-aqueous ester solvent is selected from benzyl benzoate, ethyl

oleate, isopropyl myristate, isopropyl palmitate or a mixture of any thereof.
A preferred pharmaceutical formulation described herein is one wherein the
pharmaceutically-acceptable non-aqueous ester solvent is benzyl benzoate.

A preferred pharmaceutical formulation described herein is one wherein the ricinoleate

excipient is castor oil.

2
.
*1
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According to one aspect of the present invention there is provided a pharmaceutic

PCT/GB02/03092

formulation adapted for intramuscular injection comprising 100 mg/ml or more of fulvestrant,

10 % or more weight of a pharmaceutically accept

formulation, 5 % or more weight of a pharmaceutigally acceptable non-aqueous ester solvent

- per volume of pharmaceutical formaulation and 5 % or more weight of ricinoleate excipient

volume of pharmaceutical formulation provided:

a) ‘the pharmaceutical formulation comprises Lt least 5 % weight of ethanol per volumpe

of pharmaceutlcal formulation; i

b) if the pharmaceutically acceptable alcohol is less than or equal to 13%, then the
i
pharmaceutical formulation must comprise at least 50 % non-aqueous ester solvent; and

©) if the pharmaceutically acceptable alcohol ig greater than 20 % but less than or eq

25 %, then the pharmaceutical formulation must co
solvent;

and also provided that the following pharmaceutical

ble alcohol per volume of pharmaceutical

per

fto .

prise at least 30 % non-aqueous ester

formulation is excluded: fulvestrant up to

102 mg/ml, 15 % weight of ethanol per volume of f‘{»rmulaﬁon vehicle, 15 % weight of benzyl

alcohol per volume of formulation vehicle, 15 % weight of benzyl benzoate per volume of

formulation vehicle and 30 % or more weight of ricf}holeate excipient per volume of

formulation vehicle.

A preferred pharmaceutical formulation adapted for intramuscular injection is one

comprising 100 mg/m!l or more of fulvestrant, 20 %

acceptable alcohol per volume of pharmaceutical for]

pharmaceutically acceptable non-aqueous ester solvent per volume of pharmaceutical

formulation and 5 % or more weight of ricinoleate e)Jcnplent per volume of pharmaceutical

formulation provided:
a) the pharmaceutical formulation comprises at

of pharmaceutical formulation;

b) if the pharmaceutically acceptable alcohol is 20%, then the pharmaceutical
formulation must comprise at least 22.5 % non-aqueoys ester solvent; and
c) if the pharmaceutically acceptable alcohol is greater than 20 % but less than or equal tp

25 %, then the pharmaceutical formulation must comgrise at least 15 % non-aqueous ester

solvent;

and also provided that the following pharmaceutical fgrmulation is excluded: fulvestrant up to

102 mg/ml, 15 % weight of ethanol per volume of fo

or more weight of a pharmaceutically

mulation, 5 % or more weight of a

east 10 % weight of ethanol per volum

——

n%mlation vehicle, 15 % weight of benzyl
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alcohol per volume of formulation vehicle, 15 % weight of benzyl benzoate per volume of

formulation vehicle and 30 % or more weight of ricinoleate excipient per volume of
formulation vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 150 mg/ml or more of fulvestrant, 25 % or more weight of a pharmaceutically
acceptable alcohol per volume of pharmaceutical formulation, 30 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of pharmaceutical
formulation and 5 % or more weight of ricinoleate excipient per volume of pharmaceutical
formulation provided:

a)' the pharmaceutical formulation comprises at least 10 % weight of ethanol per volume
of pharmaceutical formulation;

b) if the pharmaceutically acceptable alcohol is less than 30 %, then the pharmaceutical
formulation must comprise at least 35 % non-aqueous ester solvent.

A particularly preferred pharmaceutical formulation is one which comprises 15% w/v
or less of ethanol and in which the solubility of fulvestrant is at least 155mg/ml.

According to another aspect of the invention there is provided a unit dose of a
pharmaceutical formulation as described herein wherein the total volume of the formulation is
6ml or less.

According to another aspect of the invention there is provided a pharmaceutical
formulation adapted for intramuscular injection, as defined in any preceding claim for use in
medical therapy.

According to another aspect of the invention there is provided use of fulvestrant in the
preparation of a pharmaceutical formulation, as defined herein for the treatment of a benign or
malignant disease of the breast or reproductive tract.

According to another aspect of the invention there is provided use of fulvestrant in the
preparation of 2 pharmaceutical formulation, as defined in any preceding claim for the
treatment of a benign or malignant disease of the breast or reproductive tract in a human with
dosage intervals of at least 8 weeks.

According to another aspect of the invention there is provided a sterile syringe or vial
comprising a pharmaceutical formulation as defined in any preceding claim.

The term “pharmaceutical formulation™ as used herein means the combination of drug
plus formulation vehicle. The terms “finished formulation” and “finished pharmaceutical

formulation” mean the same as “pharmaceutical formulation™.
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-¢ = 7 The term “formulation vehicle” as used hetein means the combination of all excipkents:

J

used in the pharmaceutical formulation (and therefore excludes drug per se).

The distinction between pharmaceutical formulation and formulation vehicle is
" important for the following reason. For example, If the concentration (y % w/v) of an
excipient “A” is measured by its concentration in formulation vehicle and then drug is ached,
the addition of drug will result in a concentration gf excipient A that is lower than

concentration y in the finished pharmaceutical formulation. To convert a concentration

B,

expressed in terms of “formulation vehicle” into a concentration of “finished pharmaceuti
formulation™ it is necessary to use a displacement value.
10 The “displacement value” is defined as the lnumber of parts by weight of compound
that displaces one part by weight of the formulatiod vehicle. The displacement value allows

determination of the amount of formulation vehicld displaced by the compound. The

=

displacement value is used to calculate the actual cpmposition of the finished formulation i
terms of proportions of excipients. The density of the compound affects the amount of
formulation vehicle required to make the pharmaceutical formulation to the correct

!
concentration. One part by weight of the compoung';l with a density equal to the formulation

20

25

vehicle will displace an equivalent volume of the fd

rmulation vehicle. A compound with

twice the density of the formulation vehicle will dis

necessary to make allowance for the compound in t

place half the volume. It is therefore

srms of the particular formulation vehic

&

using the displacement value.

For the avoidance of any doubt when using the term % weight per volume of
formulation for the constituents of the formulation we mean that within a unit volume of thﬂL

formulation a certain percentage of the constituent by weight will be present, for example a

1% weight per volume formulation will contain within a 100ml volume of formulation 1g of

the constituent. By way of further illustration
% of x by weight per volume of formulation weight of x in 1ml of formulation
30% 300mg |
20% 200mg
10% 100mg
5% 50mg
1% 10mg
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Where whole numbers are used for % weight per volume of formulation, these refer to/ /
rounded numbers where appropriate. For example, 4.6% would be rounded to 5%.

It is appreciated that in the formulation an excess of formulation may be included to
allow the attendant physician or care giver to be able to deliver the required dose. Therefore,
when a 5ml dose is required it would be appreciated that an excess of up to 0.25ml, preferably
up to 0.15ml will also be present in the formulation. Typically the formulation will be
presented in a vial or a prefilled syringe, preferably a prefilled syringe, containing a unit
dosage of the formulation as described herein, these being further features of the invention.,

The pharmaceutically-acceptable alcohol may consist of one alcohol or a mixture of
two or more alcohols, preferably a mixture of two alcohols. Preferred pharmaceutically-
acceptable alcohols for parenteral administration are ethanol, benzyl alcohol or a mixture of
both ethanol and benzyl alcohol.

The pharmaceutically-acceptable non-aqueous ester solvent may consist of one or a
mixture of two or more pharmaceutically-acceptable non-aqueous ester solvents, preferably
just one. A preferred pharmaceutically-acceptable non-aqueous ester solvent for parenteral
administration is selected from benzyl benzoate, ethyl oleate, isopropyl myristate,isopropyl
palmitate or a mixture of any thereof.

It will be understood by the skilled person that the pharmaceutically-acceptable
alcohol will be of a quality such that it will meet pharmacopoeial standards (such as are
described in the US, British, European and Japanese pharmacopoeias) and as such will contain
some water and possibly other organic solvents, for example ethanol in the US Pharmacopeia
contains not less than 94.9% by volume and not more than 96.0% by volume of ethanol when
measured at 15.56°C. Dehydrated alcohol in the US Pharmacopeia contains not less than
99.5% ethanol by volume when measured at 15.56°C.

It will be understood by the skilled person that the pharmaceutically-acceptable non-
aqueous ester solvent will be of a quality that it will meet pharmacopoeial standards (such as
described in the US, British, European and Japanese pharmacopoeias).

Preferred combinations of pharmaceutically-acceptable alcohol and pharmaceutically-
acceptable non-aqueous ester solvent in the formulation are set out below:

By the use of the term ricinoleate excipient we mean an oil which has as a proportion

(at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% w/v) of its composition as
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triglycerides of ricinoleic acid. The ricinoleate vehicle may be a synthetic oil or convenierLtl_y

is castor oil, ideally of pharmacopoeial standards, 415 described above.

We have surprisingly found that the above formulations of the invention provide, after
intra-muscular injection, satisfactory release of fulyestrant over an extended period of time.
We have found that despite the rapid elimination of the additional solubilising
excipients, i.e. the alcohol and pharmaceutically-acceptable non-aqueous ester solvent, from
the formulation vehicle and the site of injection aftgr injection of the formulation, extended
release at therapeutically significant levels of fulvegtrant over an extended period can still
achieved by the formulation of the invention.
By use of the term “extended release” we lban at least 4 weeks, at least 5 weeks, and,
preferably at least 8 weeks of continuous release of:: fulvestrant is achieved. In a preferred
feature extended release is achieved for at least 8 w}eeks or 2 months, more preferably for at

least 12 weeks or 3 months.
@

It will be understood that the attendant physician may wish to administer the

| =7

intramuscular injection as a divided dose, i.e. a 5Smljformulation is sequentially administere
in two separate injections of 2.5ml, this is a further feature of the invention

Simply solubilising fulvestrant in an oil bas?d liquid formulation is not predictive of a
good release profile.

Preferably S5ml of the intramuscular injectio%: is administered.

(4]
~

Additional excipients commonly used in the|formulation field including, for exampl
an antioxidant preservative, a colorant or a surfactart may be used. A preferred optional
excipient is a surfactant, more preferably an antioxidant.

As described above fulvestrant is useful in tHe treatment of oestrogen-dependent
indications such as breast cancer and gynaecologicall conditions, such as endometriosis. .

In addition to fulvestrant another similar'typ4 of molecule is currently under clinical
investigation. SH-646 (11p-fluoro- 7a-(14,14,15,15)15-pentafluoro-6-
methyl-10-thia-6-azapentadecyl)estra-1,3,5(10)-triene-3,17p-diol) is also putatively a

compound with the same mode of action as fulvestrant and has a very similar chemical
structure. It is believed that the compound will also share with fulvestrant similar physical
properties and therefore the current invention will al§o have application with this compound
Further features of the invention are those as {described above but in which SH-646 is
substituted for fulvestrant.
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15 The invention will now be illustrated by the following non-limiting Examples in

which:

Figure 1 shows plasma profiles obtained following IM injection (data normalised for
rabbit weight, based on 3.2 kg rabbit) in which the y-axis is conc (ng/ml) and the x-axis is
time (days);

20 Figure 2 shows comparison of plasma profiles in which:

Figure 2A shows plasma profiles from group A in which the y-axis is conc (ng/ml) and

the x-axis is time (days); and

Figure 2B shows plasma profiles from group B in which the y-axis is conc (ng/ml) and

the x-axis is time (days);

25 Figure 3 shows plasma profiles from formulations 1, 5 and Control (normalised for
rabbit weight, based on 3.2 kg rabbit in which the y-axis is conc (ng/ml) and the x-axis
is time (days);

Figure 4 shows muscle residue data from 3 month PK study in which the y-axis is %

| fulvestrant remaining per injection site and the x-axis is formulation number. Each bar

: 30 represents one injection site (2 sites per animal).

‘ Figure 5 shows predicted versus actual solubility

Figure 6 shows a confidence interval for predicted solubility
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v s is time (days).
Abbreviations

M- - intramuscular
PK- pharmacokinetic
AUC area under curve

‘Acetonitrile (ACN) Far UV HPLC Grade

20 - 200 uL pipette with appropriate plastic tips

w22 -

Figure 7 shows plasma profiles obtained ft llow‘ixig IM injection (data normalised

rabbit weight, based on 3.2 kg rabblt) inw

SD - standard deviation

Reference Example 1
Measurement of Solubility of Fulvestrant in For

1. Materials and Apparatus
Balance

2 mL glass vials with screw caps -

Magnetic stirrer bars

Positive displacement pipette (PDP) 20 - 25 uL wi
Polycarbonate ultracentrifuge tubes

Pipette 0.5 - 200 pL PDP with appropnate mxcrosquxge l

Pipette 200 uL - 1 ml with appropnaxe plastic tips
2 mL amber Snap Top glassHPLC vials
1 mm Snap Caps for HPLC vials
HPLC kit with diode array detector
Methanol (MeOH) HPLC Grade

Ultrapure de-ionised water

25 cm HS5 ODS 5y 4.6 mm i.d. HPLC column
Vortex mixer

Ultrasonic bath

Aluminium weigh pans 5 mL glass volumetric flasks

ich the y-axis is conc (ng/ml) and the

o

mulaﬁo+s ‘

H
i

" Temperature control reaction block with magnetic s 1mng facnllty

appropmate microsyringe tips

!

PETIGBO2/0309] | '
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2. Experimental procedure _ _
2.1 Iml formulation vehicles were made up in triplicate by adding the appropriate volumes of

alcohols and benzyl benzoate, and then adding castor oil by weight

2.2 Fulvestrant was then added to excess, until no more drug was seen to visibly dissolve.

. The weight of fulvestrant added was noted.

2.3 A magnetic stirrer bar was placed in each vial.

2.4 All the samples were overlaid with nitrogen and the vials were capped placed in

the reaction block and stirred at a speed of 1000 at a temperature of 4°C

2.5 Using the PDP 20 - 200 pL pipettor, 200 pL aliquots were removed from each vial
after 6 days and transferred to ultracentrifuge tubes. These tubes were
centrifuged at a speed of 80,000 r.p.m. for 30 minutes at 25°C.

2.6 HPLC eluent was prepared by adding 1400 mL methanol, 450 mL water and 150 mL
acetonitrile to a 2 litre plastic-coated solvent bottle.

2.7 990 pLL HPLC eluent was added to 60 amber glass HPLC vials using a 1mL Pipette.

2.8 3 x 10 pL of supernatant were removed from each ultracentrifuge tube using the Pipette
PDP 0.5-25 uL pipette and added to the vials containing eluent.

2.9 The samples were diluted again 1 in 10. 100p] sample was added to 900u] HPLC eluent

2.10 The amber vials were capped, vortex mixed for 10 seconds, sonicated for 10 minutes and
then placed in the HPLC autosampler tray.

3. Calibration preparation

3.1 Approximately 10 mg fulvestrant was accurately weighed into an aluminium weigh pan on
the microbalance and placed in a 5 mL glass volumetric flask The actual weight was

recorded.

3.2 Approximately 4.5 mL HPLC eluent was added to the flask using a plastic pasteur pipette.
The flask was then sonicated for § minutes prior to making accurately to volume (to give a
spiking solution of approximately 2 mg.mL").

3.3 0-250 pL spiking solution was added to 2 mL amber HPLC vials using the appropriate
Pipette and the volume made to 1 mL with HPLC eluent using a 1 mL Pipette

as shown in the table below:

9
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Volume Spiking Volume HPLC  ||Theoretical
Solution eluent - fulvestrant
(nL) (uL) Concentration
(ng.mL~)

0 1000 0

5 995 10

25 975 50

50 950 100

100 900 ‘ 200

150 850 300

200 800 400

250 750 500

10

15

3.4 The HPLC vials were capped, vortexed for 10 seconds and placed on the HPLC

autosampler tray.

3.5 A calibration was prepared (as per 3.1 - 3.4) for poth batches of 1CI 182780.

4. HPL.C Conditions
Eluent :

Column :

Detection wavelength :

Flow rate :
Temperature :
Injection volume :

Retention time ;

Example 1

Pharmaceutical Formulations
Fulvestrant is mixed with ethanol and benzyl %lcohol, stirring until completely
dissolved. Benzyl benzoate is added and the solution|is made to final weight with castor oil

20 and stirred, (for convenience weight is used rather thin volume by using the weight to volume

70% MeOH / 22.5% \Later /7.5% ACN

25 cm 5p Hypersil ODS 4.6 mm i.d. with guard column
280 nm

1.2 mL.min"
Ambient

S50 pL

12 minutes approximately
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ratio). The bulk solution is overlaid with nitrogen. The solution is sterilised by filtration usin

one or two filters of 0.2um porosity. The sterile filtrate is kept under a nitrogen overlay as it
is filled under aseptic conditions into washed and depyrogemsed stenle primary containers,
for example vials or pre-filled syringes. An overage is included in the primary pack to
facilitate removal of the dose volume. The primary packs are overlaid with sterile nitrogen,
before aseptically sealing. ' The process flow diagram below depicts the manufacturing
process.

Quantities of each component of the formulation is chésen according to the required
formulation specification, examples are described above. For example quanfities are added of
each component to prepare the following formulations:

a)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

15% weight per volume of benzyl benzoate

500mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil

b)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate

500mg of fulvestrant for each 5mi of finished formulation
and the remaining amount as castor oil

c)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

50% weight per volume of benzyl benzoate

500mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil |

d)

20% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate
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500mg of fulvestrant for each 5ml of finished formu‘lation

and the remaining amount as castor oil

€)

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate

500mg of fulvestrant for each Sml of finished formuhation

and the remaining amount as castor oil

f)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
500mg of fulvestrant for each 5ml of finished formu

and the remaining amount as castor oil

ation

"PCT/GB02/03092
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FLOW DIAGRAM OF MANUFACTURING

Ingredients/Components

Fulvestrant
Alcohol
Benzyl Alcohol

Benzyl Benzaate

Castor Oil

_......._»

Process

STAGE 1: DISSOLUTION OF
ACTIVE AGENT

v

STAGE 2: MIX

v

STAGE 3: MAKE TO
WEIGHT

v

STAGE 4: STERILE FILTRATION
(0.2um)
INTQ BULK RECEIVING VESSEL

v

STAGE 5: STERILE (0.2um)
IN-LINE FILTRATION

STAG*& ASEPTIC FILLING,
AND STOPPERING

STAG*% VISUAL
INSPECTION

PCT/GB02/03092
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‘Example2
" 'Stability studies to 4 months for selection of stable 100mg/ml Pharmaceutical
formulations
[Formulation No. [Fulvestrant 96% Benzyl Benzyl  [Castor oillObservations
EtOH Alcobol Benzoate ~ {visual)
(mg/mD) | % wiv % wiv % wiv % w/v | 4 months
Sample 1 100 -5 10 15 to 100% | Precipitated
Sample 2 100 5 10 30 to 100% | Precipitated
Sample 3 100 7.5 10 15 to 100% [ Precipitated
Sample 4 100 7.5 10 30 to 100% | Precipitated
Sample 5 100 10 10 15 to 100% | Precipitated
Sample 6 100 10 10 17.5 to 100% | Precipitated
Sample 7 100 10 10 20 to 100% | Precipitated
Sample § 100 10 10 22.5 to 100%]| Solution
Sample 9 100 10 10 25 to 100% ] Solution
Sample 10 100 10 10 27.5 to 100%| Solution
Sample 11 100 10 10 30 to 100%| Solution .
Sample 12 100 10 10 40 to 100% | Solution ‘
Sample 13 100 10 10 50 to 100%| Solution
Sample 14 100 10 15 15 to 100%| Solution
Sample 15 100 10 15 30 to 100% | Solution
Sample 16 100 10 15 40 to 100%| Solution
Sample 17 100 10 15 50 t0 100%| Solution
Sample 18 100 10 20 15 to 100%| Solution
Sample 19 100 10 20 30 to 100%| Solution
Sample 20 100 10 20 40 to 100%| - Solution
Sample 21 100 10 20 50 to 100% | Solution
Sample 22 100 15 10 15 to 100% | Solution
Sample 23 100 15 10 30 to 100%| Solution
Sample 24 100 15 10 40 10 100%| Solution
Sample 25 100 15 10 50 to 100%| Solution
Sample 26 100 20 5 15 to 100%| Solution .
Sample 27 100 20 5 30 to 100% | Solution
Sample 28 100 20 10 15 to 100% | Solution
Sample 29 100 20 10 30 t0 100% ) Solution
Sample 30 100 20 10 40 to 100% | Solution
Sample 31 100 20 10 50 t0 100%| Solution
Sample 32 100 15 15 15 to 100%| Solution
Sample 33 100 15 15 30 to 100% | Solution
Sample 34 100 15 15 40 to 100%| Solution
Sample 35 100 15 15 50 to 100%| Solution
Sample 36 100 15 20 15 to 100% | Solution
Sample 37 100 15 20 30 to 100%| Solution
Sample 38 100 15 20 50 to 100% ] Solution
Sample 39 100 20 20 15 to 100%{ Solution

I B
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Sample 40 100 20 20 30 to 100% | Solution

ontrol Sample| 52.16 10 10 15 60 Solution

The Control Sample refers to the following Pharmaceutical formulation: fulvestrant 50mg/ml,

ethanol 10% w/v, benzylalcohol 10% w/v, benzyl benzoate 15% w/v and made to volume

with castor oil.
Example 3
Pharmaceutical formulations selected for in vivo deposition and in vifro precipitation
studies
The pharmaceutical formulations below were selected from Example 2 for further study.
Formulation |Fulvestrant|95% ETOH | Benzyl Alcohol | Benzyl Benzoate |  Castor oil
% wiv Yow/v Yow/v Y%w/v % wiv
Sample 1 10 10 10 30 to 100%
Sample 2 10 10 10 50 to 100%
Sample 3 10 10 20 15 to 100%
Sample 4 10 10 20 30 to 100%
Sample 5 10 10 20 50 to 100%
Sample 6 10 20 5 15 to 100%
Sample 7 10 20 5 30 to 100%
Sample 8 10 20 20 15 to 100%
Sample 9 10 20 20 30 to 100%
Sample 10 10 15 10 15 to 100%
Sample 11 10 15 10 30 to 100%
Sample 12 10 15 10 50 to 100%
Sample 13 10 15 20 15 to 100%
Sample 14 10 15 20 50 to 100%
Sample 15 10 15 20 30 to 100%
Sample 16 5 10 10 15 to 100%

A matrix of 7 pharmaceutical formulations (samples 3, 4, 5, 9, 12, 14 and 16 — see Example 3

below) was identified for further evaluation from in vitro precipitation and deposition studies.
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Sample 16 was a control. The precipitation experiment involved visual inspection of each

sample under conditions where evaporation of alcoﬁlols led to precipitation of drug.

Example 4
In vivo Studies

Pharmaceutical formulations identified for furtljmer in vivo evaluation
Excipients (% w/v)

PCT/GB02/03092

No. _ Fulvestrant (%w/v) Ethanol Benzyl Benzyl Castor
96% alcohal benzoate oil

F1 10 10 20 15 45

F2 10 10 20 30 30

F3 10 10 .20 50 10

F4 10 20 20 30 20

F5 10 15 10 50 15

F6 10 15 20 50 5

F7 10 15 20 30 25

Control 5 10 10 15 60

(2) An in vivo pharmacokinetic (PK) study on these 7 pharmaceutical formulations was

performed over 3 months duration; results arg¢ shown in Figures 1, 2 and 3.

Analysis of PK results

Plasma levels were more variable than Contgol over the first 30 days; variability was
similar to control thereafter. After 2 months, drug l¢vels were equivalent to Control at |
month indicating a prolonged period of action over {Control. This release profile was

surprising because, compared with Control which cJ;es not precipitate drug locally, local

precipitation at the site of injection of the tested fo

release profile.

Some differences in profiles were noted over the first 30 days such that they were

divided into 2 groups (with Formulation F7 showing intermediate behaviour).

Group A, rapid release early time points (50% Benz
see figure 2A

Group B, lower release, flatter profile (< 30% Beanl benzoate and higher castor oil 2 20%)

see figure 2B

ulations was expected to impair their

/1 benzoate and low castor oil £ 15%) -
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(b) Histopathology

Local tolerance was assessed to IM injection of the 7 pharmaceutical formulations and
Contral. Lesions were observed over a 51 day period. All pharmaceutical formulations

caused tissue reactions greater than Control.

(c) Plasma levels for 100mg dose at critical time points (ng/ml)

Form. Dose Time point (days)

(mg) 28 56 84
1 100 8.7 4.6 3.5
2 100 8.0 36 2.6
3 100 94 35 2.0
4 100 7.7 5.0 34
5 100 9.1 4.5 2.6
6 100 9.9 33 1.9
7 100 9.9 55 3.2
Control 50 33 1.7
Summary

Duration for 100mg dose = min 2 months.
Duration for 150mg dose = min 3 months,
(d) Measurement of Fulvestrant solubility in 7 pharmaceutical formulations after 6 days

Formulation Solubility (mg/ml)

6days
F1 111
F2 140
F3 175
F4 235
F5 162
Fé6 212
F7 126
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Example 5
Model for Fulvestrant Solubility

Formulation vehicles for Fulvestrant - solubility

Measured
Fulvestrant Predicted

PCT/GB02/03092

Formulation 96%  Benzyl Alcohol Benzyl Berizoate Castor oil Solubility solubility
ETOH
No. % wiv % wiv Y% wiy Yowlv__ (mg/ml)  (mg/ml) |
Sample 1 5 5 0! to 100% 27 9.4
Sample 2 5 5 15 to 100% 36 32.8
Sample 3 10 5 0 to 100% 46 48.5
Sample 4 10 5 15 to 100% 54 36.6
Sample 5 10 10 0 to 100% 45 60.1
Sample 6 10 10 15 to 100% 65 72
Sample 7 15 15 0 to 100% 76 87.6
Sample 8 15 15 15 to 100% 102 111.1
Sample 9 11 22 17 to 100% 111 109.8
Sample 10 11 22 33 to 100% 140 166.1
Sample 11 11 22 56 to 100% 175 135.8
Sample 12 22 22 33|  t0100% 235 174.4
Sample 13 17 11 56 to 100% 162 170.6
Sample 14 17 22 56 to 100% 212 200.9
Sample 15 17 22 33 to 100% 126 196.3

A linear regression model was fitted to solubility dat}: from 15 samples using as independent

variables the % ethanol, benzyl alcohol and benzyl b‘] nzoate levels in the formulations. The

following mode] was obtained which had an R-Squated value of 93.2%:
SOLUBILITY = -29.77 + 5.44 x ETOH + 2.38 x BA + 1.57 x BB
Benzyl alcohol = BA, benzyl benzoate = BB, Ethangl = ETOH.

Solubility measured as mg/ml
See Figures 5 and 6 based on the following data
measured lower predicted upper

C.L. C.L.
27 0 9.4 311
36 10 32.8 55.7

45 31.6 48.5 65.4
46 17.1 36.6 56.1
54 409 60.1 79.2
65 59 72 85
76 64.7 87.6 110.6
102 95.6 111.1 126.7
111 854 1098 134.1
126 149  166.1 183.1
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175
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142.5
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179.6
168.7
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170.6
200.9
196.3
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157.5
206.3
197.9
222.2
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The table below shows predicted solubilities for a matrix of pharmaceutical formulations

tested for stability. A good correlation was obtained with visual observations.

Formulation of Fulvestrant - stability

Predicted
Formulation Fulvestrant 95%  Benzyl Alcohol Benzyl Benzoate Castor oil Observations solubility
ETOH

No. (mg/ml) % wlv % wiv Y% wiv %wiv 4months (mg/ml)
Sample 1 100 5 10 15 60  Precipitated  53.1
Sample 2 100 3 10 30 45  Precipitated 79.2
Sample 3 100 7.5 10 15 57.5 Precipitated  68.2
Sample 4 100 7.5 10 30 42.5 Precipitated 94.3
Sample § 100 i0 10 15 55  Precipitated  83.3
Sample 6 100 10 10 175 52.5 Precipitated 87.6
Sample 7 100 10 10 20 50  Precipitated 92.0
Sample 8 100 10 10 225 475 Solution 06.4
Sample 9 100 10 10 25 45 Solution 100.7
Sample 10 100 10 10 27.5 42.5 Solution 105.1
Sample 11 100 10 10 30 40 Solution 109.5
Sample 12 100 10 10 40 30 Solution 126.9
Sample 13 100 10 10 50 20 Solution 144.3
Sample 14 100 10 15 15 50 Solution 96.5
Sample 15 100 10 15 30 35 Solution 122.7
Sample 16 100 10 15 40 25 Solution 140.1
Sampie 17 100 10 15 50 15 Solution 157.6
Sample 18 100 10 20 15 45 Solution 109.7
Sample 19 100 10 20 30 30 Solution 135.9
Sample 20 100 10 20 40 20 Solution 153.3
Sample 21 100 10 20 50 10 Solution 170.8
Sample 22 100 15 10 15 50 Solution 113.5
Sample 23 100 15 10 30 35 Solution 139.7
Sample 24 100 15 10 40 25 Solution 157.1
Sample 25 100 15 10 50 15 Solution 174.6
Sample 26 100 20 5 15 50 Solution 130.5
Sample 27 100 20 5 30 35 Solution 156.7
Sample 28 100 20 10 15 45 Solution 143.7
Sample 29 100 20 10 30 30 Solution 169.9
Sample 30 100 20 10 40 20 Solution 187.3
Sample 31 100 20 10 50 10 Solution  204.8
Sample 32 100 15 15 15 45 Solution 126.7
Sample 33 100 15 15 30 30 Solution 152.9
Sample 34 100 135 15 40 20 Solution 170.3
Sample 35 100 15 15 50 10 Solution 187.8
Sample 36 100 15 20 15 40 Solution 140.0
Sample 37 100 15 20 30 25 Solution 166.1
Sample 38 100 15 20 50 5 Solution  201.0

"t
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Sample 39 100 20 20 |15 35  Solution  170.2
Sample 40 100 20 20 30 20 Solution 196.3
Control Sample 52,16 10 10 15 L 60 Solution 72.0
|Faslodex] :

The Tables below show predicted formulations for yarious solubilities of fulvestrant; whers
an “X” means in solution. Note that the Tables incliide some impractical formulations where
the sum of components becomes greater than 100%. The principal purpose is to illustrate ﬂJPe
wide combinaﬁons of ethanol/ benzyl alcohol / beni yl benzoate taught by the invention to

achieve different solubilities of fulvestrant.
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Example 6 '
In-vivo Pharmacokinetic study using compositions at 140mg/ml of fulvestrant ~)

Formulations F3 and F6 as described in Example 4 were modified to contain an
increased level of fulvestrant to 140mg/ml. The modified formulations were named F8 and
F9 as described below.

Formulation Composition

The compositions of the formulations dosed in the PK study are shown in the table

below.

Formulation | Fulvestrant Ethanol 96% | Benzyl Benzyl Castor Oil

No. (%ow/v) (Yow/v) alcohol Benzoate (%w/v)
(%wlv) (%ow/v)

F8 14 9 19 47 To 100%

F9 14 14 19 48 To 100%

PK Profile

The results are set out in Figure 7. The composition of the Control is the same as
described in Example 4. Compositions F8 and F9 gave similar profiles with improved

performance in terms of extended release of higher levels fulvestrant compared with Control.

Example 7
Compositions at 150mg/ml fulvestrant

Compositions analogous or similar to F3, F4, F5 and F6 (see Example 4) but

comprising 150mg/ml of fulvestrant are prepared as follows.

Formulation | Fulvestrant Ethanol 96% | Benzyl Benzyl Castor Qil
No. (%ow/v) (%w/v) alcohol Benzoate (%ow/v)
(%ow/v) (%w/v)

F10 15 10 20 50 To 100%
F11 15 20 20 30 To 100%
F12 15 15 10 50 To 100%
F13 15 15 20 45 To 100%
Fl4 15 9 19 47 To 100%
F15 15 19 19 28 To 100%
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F16 15 14 9 47 To 100%
F17 15 14 19 47 To 100%

| F18 15 10 20 45 To 100%

[Fio- 15 15 10 a5 To 100%
F20 15 20 20 25 To 100%
F21 1.5 10 301-‘ 25 To 100%
F22 115 10 25 30 To 100%
F23 15 10 30 30 To 100%
F24 15 . 15 25 30 To 100%
F25 15 15 25 25 To 100%
F26 15 15 20 30 To 100%
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Claims
1. A pharmaceutical formulation adapted for intramuscular injection comprising 100

mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically acceptable alcohol
per volume of formulation vehicle, 5 % or more weight of a pharmaceutically acceptable non-
aqueous ester solvent per volume of formulation vehicle and 5 % or more weight of
ricinoleate excipient per volume of formulation vehicle provided the formulation vehicle
comprises at least 5 % weight of ethanol per volume of formulation vehicle and provided that
the following formulation is excluded: fulvestrant up to 102 mg/ml, 15% wcight of ethanol
per volume of formulation vehicle, 15 % weight of benzyl alcohol per volume of formulation
vehicle, 15 % weight of benzyl benzoate per volume of formulation véhicle and 30 % or more

weight of ricinoleate excipient per volume of formulation vehicle.

2. A pharmaceutical formulation adapted for intramuscular injection according to claim 2
comprising 105 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the

formulation comprises at least 5 % weight of ethanol per volume of formulation vehicle.

3. A pharmaceutical formulation adapted for intramuscular injection according to claim 1
comprising 110 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation

vehicle.

4, A pharmaceutical formulation adapted for intramuscular injection according to claim 1
comprising 115 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and

5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
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formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation

vehicle.

5. A pharmaceutical formulation adapted for ir
comprising 120 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically

acceptable alcohol per volume of formulation vehici e, 5 % or more weight of a

pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle qlnd

5 % or more weight of ricinoleate excipient per volime of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation

vehicle.

6. A pharmaceutical formulation adapted for iniramuscular injection according to claim 1

comprising 130 mg/ml or more of fulvestrant, 15 % or more weight of a pharmaceutically

acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a

pharmaceutically acceptable non-aqueous ester solv int per volume of formulation vehicle a¢d

5 % or more weight of ricinoleate excipient per volumne of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of| ethanol per volume of formulation

vehicle.

7. A pharmaceutical formulation adapted for inttamuscular injection according to claim

comprising 140 mg/ml or more of fulvestrant, 15 % jr more weight of a pharmaceutically

acceptable alcohol per volume of formulation vehicle, 12.5 % or more weight of a

tramuscular injection according to claim 1

—

pharmaceutically acceptable non-aqueous ester solvept per volume of formulation vehicle an}d

5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 10 % weight ol‘ ethanol per volume of formulation

vehicle.

8. A pharmaceutical formulation adapted for intramuscular injection according to claim |1

comprising 150 mg/ml or more of fulvestrant, 15 % of more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehiclel 17.5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvert per volume of formulation vehicle ang

5 % or more weight of ricinoleate excipient per volunie of formulation vehicle provided the

i
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formulation vehicle comprises at least 10 % weight of ethanol per volume of formulation

vehicle.

9. A pharmaceutical formulation having a solubility for fulvestrant of at least Y mg/ml
adapted for intramuscular injection comprising;

100 mg/ml or more of fulvestrant;

5% (W/v) or more castor oil per volume of formulation vehicle;

and at least the following amounts (% weight/volume of formulation vehicle) of ethanol
(ETOH), benzyl alcohol (BA), benzyl benzoate (BB) determined by the algorithm:

Y =-29.77 + 5.44ETOH + 2.38BA + 1.57BB

wherein Y is at least 100, ETOH is at least 5, BA is at least 5 and BB is at least 5.

10. A pharmaceutical formulation according to claim 9 wherein Y is selected from the
group consisting of 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 170, 180,
190, and 200.

11. A pharmaceutical formulation according to claim 9 wherein Y is selected from the
group consisting of 120, 125, 130, 135, 140, 145, 150, 155, 160, 170, 180, 190, and 200.

12. A pharmaceutical formulation according to claim 9 wherein Y is selected from the
group consisting of 150, 155, 160, 170, 180, 190 and 200.

13. A pbarmaceutical formulation according to claim 9 wherein Y is selected from 150,
155, 160, 170, 180, 190 and 200 and the formulation comprises at least 150mg/ml of
fulvestrant.

14. A pharmaceutical formulation according to claim 9 wherein Y is 200 and the

formulation comprises at least 200mg/ml of fulvestrant.

15. A pharmaceutical formulation comprising fulvestrant at a concentration of at least 100
mg/ml in which the formulation is adapted for intra-muscular injection into a human and
which is capable after injection of attaining a therapeutically significant blood plasma

fulvestrant concentration in a human for at Jeast 2 months and provided that the following
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formulation is excluded: fulvestrant up to 102 mg/ml, 15 % weight of ethanol per volume ¢

weight of benzyl benzoate per volume of formulatip

ricinoleate excipient per volume of formulation veljicle.

16. A pharmaceutical formulation comprising

mg/ml in which the formulation is adap;(ed for intra-muscular injection into a human and

which is capable after injection of attaining a therapeutically significant blood plasma

fulvestrant concentration in a human for at least 2

i)
10% weight per volume of ethanol

20% weight per volume of benzyl alcohol
15% weight per volume of benzyl benzoate

500-555mg of fulvestrant for each Sml of finished formulation

and the remaining amount as castor oil;
it)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate

500-700mg of fulvestrant for each 5ml of finished f&)rmulation

and the remaining amount as castor oil;

iii)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
500-750mg of fulvestrant for each Sml of finished f¢
and the remaining amount as castor oil;

iv)

20% weight per volume of ethanol

20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate

ulvestrant at a concentration of at least 1

17.  Any one of the following pharmaceutical fowulations comprising about:

PCT/GB02/03092

n vehicle and 30 % or more weight of

onths.

rmulation

of

formulation vehicle, 15 % weight of benzyl alcoho) per volume of formulation vehicle, 15 %

50
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500-1175mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil;
9 ,. ,
15% weight per volume of ethanol
10% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate |
500-810 mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;
vi)
15% weight per volume of ethanol
20% weight per volume of benzyl alcohol
'50% weight per volume of benzyl benzoate
500 mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil; |
vii)
15% weight per volume of ethanol
20% weight per volume of benzy! alcohol
30% weight per volume of benzyl benzoate
500-630mg of fulvestrant for each 5mi of finished formulation
and the remaining amount as castor oil; |
viii)
10% weight per volume of ethanol .
20% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;
ix)
20% weight per volume of ethanol
20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil;
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' 15% weight per volume of ethanol

- and the remaining amount as castor oil;

9% weight per volume of ethanol

" 750mg of fulvestrant for each 5ml of finished form

19% weight per volume of benzyl alcohol
~ 47% weight per volume of benzyl benzoate
700mg of fulvestrant for each Sml of finished formulatxon

_xn)
'14% weight per volume of ethanol

45% weight per volume of benzyl benzoate ‘
750mg of fulvestrant for each 5ml of finished foxmulauon

WO 03/006064

X)

10% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5mi of finished formeJat_ion; i

and the remalmng amount as castor oil;
xi)
9% weight per volume of ethanol°

and the remaining amount as castor oil;

19% weight per volume of benzyl alcohol
48% weight per volume of benzyl benzoate

700mg of fulvestrant for each Sml of finished fcn'm\«hation§ |

and the remaining amount as castor oil;
xiii) ' . “
15% weight per volume of ethanol .
20% weight per-y volume of benzyl alcohol

Xiv)

19% weight per volume-of benzyl alcohol
47% weight per volume of benzyl benzoate

and the remaining amount as castor oil;
<) | -
19% weight per volume of ethanol

19% weight per volume of benzyl alcohol

lation' |
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28% weight per volume of benzyl benzoate .
750mg of fulvestrant for each 5ml of finished formulation
and the remalmng amount as castor oil;
xvi)

14% weight per volume of ethanol
9% weight pef volume of benzyl alcohol
. 47% weight per volume of benzyl benzoate-

‘750mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil; '
xvii)

14% weight per volume of ethanol

19% weight per volume of benzyl alcohol

47% weight per volume of benzyl benzoate

750mg of fulvesuant for each -5ml of finished formulation
and the remaining amount as castor oi-i;

xviii)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

45% weight per vol_ume of benzyl benzoate

750mg of fulvestrant for each Sml of finished formulation
and the remaining amout as castor oil;

Xix)

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol

45% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil; "
XX)

20% weight per volume of ethanol

20% weight per volume of benzy! alcohol
25% weight per volume of benzyl benzoate

750mg of fulvestrant for each Sml of finished formulation

- and the remaining amount as castor oil;

PCT/GB02/03092
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~ 25% weight per volume of benzyl alcohol

- 48 -
xxi)
10% weight per volume of ethanol
30% weight per volume of benzyl alcohol
25% weight per volume of benzyl benzoate

750mg of fulvestrant for each Sml of finished formulation -

and the remaining amount as castor oil;
Xxii)

10% weight per volume of ethanol

25% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil;
xxiii) '

10% weight per volume of ethanol

30% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sml of finished formyl
and the remaining amount as castor oil; '
XXiv) h

15% weight per volume of ethanol -

30% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formu
and the remaining amount as castor oil; |
XXxV)

15% weight per volume of ethanol

25% weight per volume of benzyl alcohol
25% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil; and
“XXvi)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol

ation -

lation .
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30% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil.

18. A pharmaceutical formulation as claimed in any preceding claim wherein the
pharmaceutically-acceptable alcohol is a mixture of ethanol and benzyl alcohol.

19. A pharmaceutical formulation as claimed in any preceding claim wherein the
pharmaceutically-acceptable non-aqueous ester solvent is selected from benzyl benzoate,
ethyl oleate, isopropyl myristate, isopropyl palmitate or a mixture of any thereof.

20. A pharmaceutical formulation as claimed in any preceding claim wherein the

pharmaceutically-acceptable non-aqueous ester solvent is benzyl benzoate.

21. A pharmaceutical formulation as claimed in any preceding claim wherein the

ricinoleate excipient is castor oil.

22. A unit dose of a pharmaceutical formulation as claimed in any preceding claim

wherein the total volume of the formulation is 6ml or less.

23, A pharmaceutical formulation adapted for intramuscular injection, as defined in any

preceding claim for use in medical therapy.

24.  Useof fulvestrant in the preparation of a pharmaceutical formulation, as defined in
any preceding claim for the treatment of a benign or malignant disease of the breast or
reproductive tract.

25.  Use of fulvestrant in the preparation of a pharmaceutical formulation, as deﬁnéd in
any preceding claim for the treatment of a benign or malignant disease of the breast or

reproductive tract in a human with dosage intervals of at least 8 weeks.

26. A sterile syringe or vial comprising a pharmaceutical formulation as defined in any

preceding claim.

30
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FORMULACION FARMACEUTICA PARA ADMINISTRACION INTRAMUSCULAR
DE FULVESTRANT

La invencién se relaciona con la liberacion sostenida de una formulacién
farmacéutica adaptada para administracion por inyeccion que contiene el
compuesto  fulvestrant,  70-{9-(4,4,5,5,5-pentafluoropentilsulfinil)noniljoestra-
1,3,5(10)-trien-3,17p-diol, en concentracion de al menos 100 mg/ml en solucion
en un vehiculo de ricinoleato el cual adicionalmente comprende al menos un
alcohol y un éster solvente no acuoso el cual es miscible en el vehiculo de

ricinoleato.

La privacion de estrégeno es fundamental al tratamiento de muchas enfermedades
benignas y malignas del seno y el ftracto reproductivo. En mujeres
premenopausicas, esto se logra por ablacién de la funcidén ovérica por medios
quirargicos, redioterapéuticos, u ofros medios médicos, y, en mujeres.

posmenopausicas, por el uso de inhibidores de aromatasa.

Una aproximacion alternativa a la remocion de estrégeno es antagonizar el
estrégeno con antiestrogenos. Estas son drogas que se unen a y compiten por los
receptores de estrégeno (ER) presentes en el nicleo del tejido que responde al
estrogeno. Los antiestrégenos no esteroidales convencionales, tal como el
tamoxifeno, compiten eficientemente para unirse a los ER pero su efectividad es a
veces limitada por el agonismo que exhiben, lo cual resulta en un bloqueo
incompleto de la actividad mediada por el estrégeno (Furr & Jordan, Farmacologia
y Terapéutica, 25: 127-206, 1984; May y Westley, J Biol Chem 262: 15894-15899,

1987).
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El potencial de los antiestrogenos no esteroidales para exhibir propiedades
agonisticas impulsaron la busqueda de compuestos novedosos que se unieran a
los ER con elevada afinidad sin activar ninguna de las respuestas normales de
trascripcién de la hormona y la consecuente manifestacion de estrégenos. Tales
moléculas serian antiestrégenos “puros’, claramente diferenciados de los ligandos
del tipo tamoxifeno y capaces de producir como respuesta la ablacion total de los
efectos troficos del estrogeno. Tales compuestos son denominados como
Reguladores Depresivos de los Receptores de Estrégeno (E. R. D.). El
fundamento para el disefio y la prueba de antiestrégenos puros novedosos ha sido
descrita en: Bowler y colaboradores 1989, Wakeling 1990a, 1990b, 1990c.

Wakeling y Bowler 1987, 1988.

Los andlogos esteroidales del estradiol, con una cadena lateral de alquilsulfinil en
la posicion 7a, proporcionaron los primeros ejemplos de compuestos desprovistos
de actividad estrogénica (Bowler y colaboradores 1989). Uno de estos, 7a-{9-
(4.4,5,5,5-pentafluoropentilsulfinil)nonilloestra-1,3,5(10)-trien-3,17p-diol fue
seleccionado para un estudio intensivo sobre la base de su actividad de
antagonista puro del estrégeno y su potencia antiestrogénica aumentada por sobre
otros antiestrégenos disponibles. Los hallazgos in vitro y la experiencia clinica
temprana con 7a-{9-(4,4,5,5,5-pentafluoropentilsulfinil)nonilloestra-1,3,5(10)-trien-
3,17p-diol han fomentado el interés en el desarrollo de la droga como agente
terapéutico para indicaciones dependientes del estrégeno tales como el cancer de

seno y ciertas condiciones ginecoldgicas benignas.

Al 7a-[9-(4,4,5,5,5-pentafluoropentilsulfinil)noniljoestra-1,3,5(10)-trien-3,178-diol ©
ICI 182,780 le ha sido asignado el nombre no propietario internacional de

fulvestrant, el cual serd usado de aqui en adelante. Cuando nos referimos al
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fulvestrant incluimos sales farmacéuticamente aceptables del mismo y cualquier

solvato de cualquiera de ellos.

El fulvestrant se une a los ER con una afinidad similar a la del estradiol y bloquea
completamente el crecimiento de la accién estimulante del estradiol en las células
de cancer de seno humanas in vifro; es mas potente y mas efectivo que el
tamoxifeno a éste respecto. El Fulvestrant bloguea completamente la accion
uterotréfica del estradiol en ratas, ratones y monos, y también bloquea la actividad

uterotrofica del tamoxifeno.

Debido a que el fulvestrant no tiene ninguna actividad estimulante del tipo de
estrégeno que es caracteristica de los antiestrogenos clinicamente disponibles
tales como el tamoxifeno o el toremifeno, puede ofrecer una actividad terapéutica
mejorada caracterizada por una regresion del tumor mas rapida, completa y de
larga duracion; una menor incidencia o tasa de desarrollo de resistencia al

tratamiento; y una reduccion de la invasividad del tumor.

En ratas adultas intactas, el fulvestrant logra una regresion maxima del Gtero a una
dosis que no afecta adversamente la densidad 0sea o lleva a una secreciéon
aumentada de gonadotropina. De ser también cierto en humanos, estos hallazgos
podrian ser de una importancia clinica extrema. La densidad 6sea reducida limita
la duracién del tratamiento ablativo de estrégeno para la endometriosis. El
fulvestrant no bloquea los ER del hipotdlamo. La ablacién del estrégeno también
ocasiona o exacerba las olas de calor y otros sintomas de la menopausia; el
fulvestrant no causara tales efectos ya que no cruza la barrera de sangre en el

cerebro.
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La solicitud de Patente Europea No. 0 138 504 divulga que ciertos derivados de
los esteroides son agentes antiestrogeno eficaces. La divulgacion incluye
informacion relacionada con la preparacién de los derivados de los esteroides. En
particular hay una divulgacion dentro del ejemplo 35 del compuesto o-[9-
(4,4,5,5,5-pentafluoropentilsulfinil)nonilloestra-1,3,5(10)-trien-3,17-diol, dicho
compuesto es nombrado especificamente en la reivindicacion 4. También se
divulga que los compuestos de esa invencion pueden ser proporcionados para su
uso en forma de una composicién farmacéutica que comprende un derivado de los
esteroides de la invencion junto con un diluyente o portador farmacéuticamente
aceptable. Se afirma alli mismo que la composicion puede estar en una forma

apropiada para la administracién oral o parenteral.

El fulvestrant muestra, junto con otros compuestos basados en los esteroides,
ciertas propiedades fisicas que hacen dificil la formulacién de estos compuestos.
El fulvestrant es una molécula particularmente lipofilica, incluso cuando se
compara con otros compuestos de esteroides, y su solubilidad acuosa es
extremadamente baja en cerca de 10 ng.mlI” ( esto es un estimativo de una
mezcla de soluto agua/solvente ya que mediciones tan bajas no se pueden lograr

en un soluto de solo agua).

Actualmente hay un numero de formulaciones de esteroides de liberacion
sostenida que han sido comercializadas. Comunmente estas formulaciones usan

un aceite como solvente y en ellas puede haber excipientes adicionales presentes.

En US 5,183,418 ejemplo 3 se describe una formulacion de una inyeccién basada
en aceite de fulvestrant que comprende 50mg de fulvestrant, 400mg de bencil
alcohol y suficiente aceite de castor para llevar la solucién a un volumen de 1 ml.

La manufactura a escala comercial de una formulacién como la descrita en U,S.
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5,183,814 seria complicada debido a la elevada concentracion de alcohol. Por lo \ . ‘

tanto, hay una necesidad de reducir la concentracion de alcohol en formulaciones
de fulvestrant mientras se previene la precipitacion del fulvestrant de la

formulacion.

La Tabla a continuacion muestra la solubilidad del fulvestrant en un nuimero de

diferentes solventes.
SOLUBILIDAD DEL FULVESTRANT

SOLVENTE SOLUBILIDAD
(mgml™* a 25°C)

Agua 0.001
Aceite de Araquis 0.45
Aceite de Sésamo 0.58
Aceite de Castor 20
Migloyl 810 3.06
Migloyl 812 272
Etiloleato 1.25
Bencilbenzoato 6.15
Isopropilmiristato 0.80
Span 85 (tensoactivo) 3.79
Etanol >200
Bencilalcohol >200

Como se puede ver el fulvestrant es significativamente mas soluble en aceite de

castor que en cualquiera de los demas aceites probados. La mayor habilidad de
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solvatacién del aceite de castor para compuestos de esteroides es sabida y
atribuida al elevado nimero de grupos hidroxilo del acido ricinoléico, el cual es un
constituyente principal de los acidos grasos dentro de los triglicéridos presentes en

el aceite de castor- ver (Riffkin y colaboradores, J. Pharm. Sci., (1964), 53, 891).

Nuestra solicitud anterior PCT/GB01/00049, WO 01/561056, describe ciertas
formulaciones de fulvestrant a la concentracion mas preferida de 50mg/ml. Esta
solicitud divulgé una formulaciéon con una solubilidad de hasta 102 mg/ml — ver la
ultima formulacion en la Tabla 3 de la misma con 15% en peso de etanol por
volumen de formulacién, 15% en peso de bencilalcohol por volumen de
formulacion, 15% en peso de bencilbenzoato por volumen de formulacion en un
vehiculo de ricinoleato. Aun asi hay una necesidad para mas formulaciones con
fulvestrant que contengan elevadas concentraciones de fulvestrant para facilitar la
administracién posterior del mismo a dosis mas elevadas o intervalos menos

frecuentes.

De acuerdo con otro aspecto de la invencién se ha proporcionado una formulacion
farmacéutica adaptada para inyeccidn intramuscular que comprende 100 mg/ml o
mas de fulvestrant, 10% o mas en peso de un alcohol farmacéuticamente
aceptable por volumen de vehiculo de formulacién, 5% o mas en peso de un éster
solvente no acuoso por volumen de vehiculo de formulacién siempre que el
vehiculo de formulaciéon comprenda al menos 5% en peso de etanol por volumen
de vehiculo de formulacién y siempre que se excluya la siguiente formulacion:
fulvestrant hasta 102 mg/ml, 15% en peso de etanol por volumen de vehiculo de
formulacién, 15% en peso de bencilalcohol por volumen de vehiculo de
formulacion, 15% en peso de bencilbenzoato por volumen de vehiculo de
formulacién y 30% o mas en peso de excipiente ricinoleato por volumen de

formulacion.
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Una formulacién farmacéutica preferida adaptada para inyeccién intramuscular es
una que comprende 105 mg/ml 0 més de fulvestrant, 10% o mas en peso de un
alcohol farmacéuticamente aceptable por volumen de vehiculo de formulacién, 5%
0 mas en peso de un éster solvente no acuoso farmaceéuticamente aceptable por
volumen de vehiculo de formulacion y 5% o mas en peso de excipiente ricinoleato
por volumen de vehiculo de formulaciéon siempre que la formulacion comprenda al

menos 5% en peso de etanol por volumen de vehiculo de formulacion.

Una formulacién farmacéutica mas preferida adaptada para inyeccion
inframuscular es una que comprende 110 mg/ml o mas de fulvestrant, 10% o mas
en peso de un alcohol farmacéuticamente aceptable por volumen de vehiculo de
formulacion, 5% o0 mas en peso de un éster solvente no acuoso
farmacéuticamente aceptable por volumen de vehiculo de formulacion y 5% o mas
en peso de excipiente ricinoleato por volumen de vehiculo de formulacién siempre
que el vehiculo de formulacién comprenda al menos 5% en peso de etanol por

volumen de vehiculo de formulacion.

Una formulacion farmacéutica mas preferida adaptada para inyeccion
intramuscular es la que comprende 115 mg/ml o mas de fulvestrant, 10% o mas en
peso de un alcohol farmacéuticamente aceptable por volumen de vehiculo de
formulacién, 5% o mas en peso de un éster solvente no acuoso
farmacéuticamente aceptable por volumen de vehiculo de formulacién y 5% o mas
en peso de excipiente ricinoleato por volumen de vehiculo de formulacién siempre
que el vehiculo de formulacion comprenda al menos 5% en peso de etanol por

volumen de vehiculo de formulacion.
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Una formulacién farmacéutica mas preferida adaptada para inyeccion
intramuscular es la que comprende 120 mg/mi o mas de fulvestrant, 10% o mas en
peso de un alcohol farmacéuticamente aceptable por volumen de vehiculo de
formulacién, 5% 0 mas en peso de un éster solvente no acuoso
farmacéuticamente aceptable por volumen de vehiculo de formulacién y 5% o mas
en peso de excipiente ricinoleato por volumen de vehiculo de formulacion siempre
que el vehiculo de formulacién comprenda al menos 5% en peso de etanol por

volumen de vehiculo de formulacién.

Una formulacion farmacéutica més preferida adaptada para inyeccion
intramuscular es la que comprende 130 mg/mi o mas de fulvestrant, 10% o mas en
peso de un alcohol farmacéuticamente aceptable por volumen de vehiculo de
formulacién, 5% ©0 mas en peso de un éster solvente no acuoso
farmacéuticamente aceptable por volumen de vehiculo de formulacion y 5% o mas
en peso de excipiente ricinoleato por volumen de vehiculo de formulacion siempre
que el vehiculo de formulacion comprenda al menos 5% en peso de etanol por

volumen de vehiculo de formulacion.

Una formulacion farmacéutica mas preferida adaptada para inyeccion

intramuscular es la que comprende 140 mg/ml o mas de fulvestrant, 15% o més en

peso de un alcohol farmacéuticamente aceptable por volumen de vehiculo de -

formulacién, 125% o més en peso de un éster solvente no acuoso
farmacéuticamente aceptable por volumen de vehiculo de formulacién y 5% o mas
en peso de excipiente ricinoleato por volumen de vehiculo de formulacién siempre
que el vehiculo de formulacion comprenda al menos 10% en peso de etanol por

volumen de vehiculo de formulacion.

8






Una formulacion farmacéutica mas preferida adaptada para inyeccion
intramuscular es la que comprende 150 mg/ml 0 mas de fulvestrant, 15% o mas en
peso de un alcohol farmacéuticamente aceptable por volumen de vehiculo de
formulacién, 17.5% o mas en peso de un éster solvente no acuoso
farmacéuticamente aceptable por volumen de vehiculo de formulacién y 5% o mas
en peso de excipiente ricinoleato por volumen de vehiculo de formulacién siempre
que el vehiculo de formulacion comprenda al menos 10% en peso de etanol por

volumen de vehiculo de formulacion.

Otro aspecto de la invencion proporciona cualquiera de las formulaciones aqui
descritas donde se afirma que se remueve cualquier contenido minimo de etanol.
Por ejemplo, La formulacion descrita en el parrafo inmediatamente sobre éste se
vuelve: una formulacion farmacéutica adaptada para inyeccion intramuscular que
comprende 150 mg/ml o mas de fulvestrant, 15% o mas en peso de un aicohol
farmacéuticamente aceptable por volumen de vehiculo de formulacién, 17.5% o
mas en peso de un éster solvente no acuoso farmacéuticamente aceptable por
volumen de vehiculo de formulacion y 5% o mas en peso de excipiente ricinoleato

por volumen de vehiculo de formulacion.

De acuerdo con otro aspecto de la invencién se proporciona una formulacion
farmacéutica adaptada para inyeccién intramuscular que tiene una solubilidad de
fulvestrant de al menos Y mg/ml y comprende:

100 mg/ml 0 mas de fulvestrant;

5% (p/v) o mas de aceite de castor por volumen de vehiculo de formulacion;

y al menos una de las siguientes cantidades (% en peso/volumen de vehiculo de
formulacién) de etanol (ETOH), bencilalcohol (BA), bencilbenzoato (BB)
determinadas por el algoritmo:

Y =-29.77 + 5.44xETOH + 2.38xBA + 1.57xBB






10

En dénde x es al menos 100, ETOH es al menos 5, BA es al menos 5y BB es al

menos 5.

Una formulacién farmacéutica preferida es una en donde Y se selecciona de un
grupo consistente en 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160,

170, 180, 190 y 200.

Una formulacién farmacéutica mas preferida es una en doénde Y se selecciona de
un grupo consistente en 120, 125, 130, 135, 140, 145, 150, 155, 160, 170, 180,

190 y 200.

Una formulacion farmacéutica mas preferida es una en donde Y se selecciona de

un grupo consistente en 150, 155, 160, 170, 180, 190 y 200.

Una formulacién farmacéutica mas preferida es una en dénde Y se selecciona de
un grupo consistente en 150, 155, 160, 170, 180, 190 y 200 y la formulacién

comprende al menos 150 mg/ml de fulvestrant.

Una formulacion farmacéutica mas preferida es una en donde Y es 200 y la

formulacién comprende al menos 200mg/mi de fulvestrant.

De acuerdo con otro aspecto de la presente invencidn se proporciona una
formulacion farmacéutica adaptada para inyeccién intramuscular que tiene una
solubilidad para el fulvestrant de al menos 100 mg/ml y que comprende:

100 mg/ml o mas de fulvestrant;

5% (p/v) o mas de aceite de castor por volumen de vehiculo de formulacion;
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The invention relates to a sustained release pharmaceutical formulation adapted for
administration by injection containing the compound fulvestrant, 7a-[9-(4,4,5,5,5-
pentafluoropentylsulphinyl)nonyl]oestra-1,3,5(10)-triene-3,17p-diol, at concentration of at
least 100mg/ml in solution in a ricinoleate vehicle which additionally comprises at least one
alcohol and a non-aqueous ester solvent which is miscible in the ricinoleate vehicle.

Oestrogen deprivation is fundamental to the treatment of many benign and malignant
diseases of the breast and reproductive tract. In premenopausal women, this is achieved by
the ablation of ovarian function through surgical, radiotherapeutic, or medical means, and, in
postmenopausal women, by the use of aromatase inhibitors.

An alternative approach to oestrogen withdrawal is to antagonise oestrogens with
antioestrogens. These are drugs that bind to and compete for oestrogen receptors (ER) present
in the nuclei of oestrogen-responsive tissue. Conventional nonsteroidal antioestrogens, such
as tamoxifen, compete efficiently for ER binding but their effectiveness is often limited by the
partial agonism they display, which results in an incomplete blockade of oestrogen-mediated
activity (Furr and Jordan, Pharmacology & Therapeutics, 25:127-206, 1984; May and
Westley, J Biol Chem 262:15894-15899, 1987).

The potential for nonsteroidal antioestrogens to display agonistic properties prompted

the search for novel compounds that would bind ER with high affinity without activating any

of the normal transcriptional hormone resporises and consequent manifestations of oestrogens.
Such molecules would be “pure™ antioestrogens, clearly distinguished from tamoxifen-like
ligaxicls and capable of eliciting complete ablation of the trophic effects of oestrogens. Such
compounds are referred to as Estrogen Receptor-Downregulators (E.R.D.). The rationale for
the design and testing of novel, pure antioestrogens has been described in: Bowler et al 1989,
Wakeling 1990a, 1990b, 1990c. Wakeling and Bowler 1987, 1988.

Steroidal analogues of oestradiol, with an alkylsulphinyl side chain in the 7a position,
provided the first examples of compounds devoid of oestrogenic activity (Bowler et al 1989).
One of these, 7a-[9-(4.4,5,5,5-pentafluoropentyl sulphinyl)nonyl]oestra-1,3,5-(10)triene-
3,17B-diol was selected for intensive study on the basis of its pure oestrogen antagonist
activity and significantly increased antioestrogenic potency over other available

antioestrogens. In vitro findings and early clinical experience with

Y )
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promoted interest in the development of the drug as
dependent indications such as breast cancer and ce

" 70-[9-(4,4,5,5,5-Pentafluoropentylsulphinyl)
or ICI 182,780, has been allocated the international n

thereof and any possible solvates of either thereof.

Fulvestrant binds to ER with an affinity sumlﬁr to that of oestradiol and completely

blocks the growth stimulatory action of oestradiol on|

more potent and more effective than tamoxifen in th]y[» respe’ct.f Fulvestrant blocks completely

the uterotrophic action of oestradiol in rats, mice and
uterotrophic activity of tamoxifen.

Because fulvestrant has none of the oestrogen

PCT/GB02/03092

stra-1,3-5(10)-triene-3,17p-diol have
therapeutic agent for oestrogen-

n benign gynaecological conditions.
onyl]oestra-1,3-5(10)-triene-3,17p-diol

n-proprietary name fulvestrant, which is
used hereinafter. When referring to fulvestrant we include phannaceutxcally—acceptable salts

human breast cancer cells in virro; it is

<

monkeys, and also blocks the

like stimulatory activity that is

characteristic of clinically available antioestrogens s
offer improved therapeutic activity characterised by
tumour regression; a lower incidencg or rate of devel
reduction of tumour invasiveness.

In intact adult rats, fulvestrant achieves maxir

which does not adversely affect bone density or lead

ch as tamoxifen or toremifene, it may
ore rapid, complete, or longer-lasting
ppment of resistance to treatment; and 3

num regression of the uterus at a dose

o increased gonadotrophin secretion. If

also true in humans, these findings could be of extre

density limits the duration of oestrogen-ablative treament forj’endometriosis. Fulvestrant dogs

not block hypothalamic ER. Oestrogen ablation also causes o exacerbates hot flushes and

other menopausal symptoms; fulvestrant will not ca
the blood-brain barrier.
European Patent Application No. 0 138 504

are effective antioestrogenic agents. The disclosure

¢ importance clinically. Reduced bone

e such éffects because it does not cross

discloses that certain steroid derivatives

preparation of the steroid derivatives. In particular tﬂ:ere is the disclosure within Example 33

of the compound 7a-[9-(4,4,5,5,5-pentafluoropentyl
1,3,5(10)-triene-3,17p-diol, which compound is spec
disclosed that the compounds of that invention may

pharmaceutical composition comprising a steroid de:

ncludes information relating to the

ulphinyl)nonyljoestra-
ifically named in Claim 4. It is also
rc provided for use in the form of a

rivative of the invention together with a
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pharmaceutically-acceptable diluent or carrier. It is stated therein that the composition can be
in a form suitable for oral or parenteral admmxstranon ) | o _
Fulvestrant shows, along with other steroidal based compounds, certam physxcal
properties which make formulation of these compounds difficult. Fulvestrant is a particularly
lipophilic molecule, even when compared with other steroidal compounds, and its aqueous
solubility is extremely low at around 10 ngml" (this is an estimate from a water/solvent
mixture solute since measurements this low could not be achieved in a water only solute).

Currently there are a number of sustained release injectable steroidal formulations
which have been commercialised. Commonly these formulations use oil as a solvent and
wherein additional excipients may be present. , _

In US 5,183,814 Example 3 an oil based injection formulation of fulvestrant is
described which comprises 50mg of fulvestrant, 400mg of benzyl alcohol and sufficient castor
oil to bring the solution to a volume of 1 ml. Manufacture at a commercial scale of a
formulation as described in US 5,183,814 will be complicated by the high alcohol
concentration. Therefore, there is a need to lower the élcohol concentration in fulvestrant
formulations whilst preventing precipitation of fulvestrant from the formulation.

The Table below shows the solubility of fulvestrant in a number of different solvents.

SOLUBILITY OF FULVESTRANT

SOLVENT SOLUBILITY
(mgml* at 25°C)

Water 0.001

Arachis oil 0.45

Sesame oil 0.58

Castor oil 20

Miglyol 810 3.06

Miglyol 812 2.72

Ethyl oleate 1.25

Benzyl benzoate 6.15

Isopropyl myristate | 0.80

Span 85 (surfactant) 3.79
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Ethanol >200
Benzyl Alcohol - 2200

As can be seen fulvestrant is significantly more soluble in castor oil than any of the

“other oils tested. The greater solvating ability of castor oil for steroidal compounds is known

and is attributed to the high number of hydroxy groups of riéinoleic acid, which is the major
constituent of the fatty acids within the triglycerides present in castor oil -~ see (Riffkin et.al.
Pharm. Sci., (1964), 53, 891). :

Our earlier application PCT/GB01/00049, W() 01/51056, describes certain ﬁllvestraqt

formulations at a most preferred concentration of 50mg/ml. This application disclosed one
formulation with a solubility up to 102 mg/ml - see iIe last formulation in Table 3 thereof
with 15 % weight of ethanol per volume of formulatipn, 15 % weight of benzyl alcohol per
te per volume of formulation in a

r formulations of fulvestrant that

volume of formulation, 15 % weight of benzyl benzo,
ricinoleate vehicle. However there is a need for
contain high concentrations of fulvestrant to facilitatd administration thereof at higher doses
or less frequent intervals.

According to another aspect of the invention there is provided a phannaceutical

formulation adapted for intramuscular injection comprising 100 mg/ml or more of &IvestranL,

10 % or more weight of a pharmaceutically acceptable alcohol per volume of formulation
vehicle, 5 % or more weight of a pharmaceutically adceptable non-aqueous ester solvent per

volume of formulation vehicle and 5 % or more wei

formulation vehicle provided the formulation vehicl compriées at least 5 % weight of ethanopl

per volume of formulation vehicle and provided that the following formulation is excluded:
fulvestrant up to 102 mg/ml, 15 % weight of ethanol
weight of benzyl alcohol per volume of formulation Vehicle, 15 % weight of benzyl benzoat
per volume of formulation vehicle and 30 % or more| weight of ricinoleate excipient per

volume of formulation vehicle.

A preferred pharmaceutical formulation adapted for intramuscular injection is one
comprising 105 mg/ml or more of fulvestrant, 10 % pr more weight of a pharmaceutically

acceptable alcohol per volume of formulation vehiclg, 5 % or more weight of a

pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle aljﬂd

5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the

formulation comprises at least 5 % weight of ethano} per volume of formulation vehicle.

t of ricinoleate excipient per volume of

er volume of formulation vehicle, 15 %

:—-‘
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A more preferred pharmaceutical formulation adapted for intramuscular injection is |
one comprising 110 mg/ml or more of fulvestrant, 10 % or more weight of a phanﬁécépﬁcally
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation
vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 115 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more wexght ofa
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehmle and
5 % or more weight of ricinoleate exc1p1ent_ per volume of formulation vehicle provided the
formulation vehicle comprises at least 5§ % weight of ethanol per volume of formulation
vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 120 mg/m] or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a |
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation
vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 130 mg/mi or more of fulvestrant, 15 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipieht per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation
vehicle.

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 140 mg/ml or more of fulvestrant, 15 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 12.5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and

5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
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vehicle.

A more preferred pharmaceutical formul

one 'compﬁsin’g 150 mg/mil or more of fulvestrant, 15 % or more weight of a pharmaceuti
acceptable alcohol per volume of formulation velicle, 17.5 % or more weight of a

pharmaceutically acceptable non-aqueous ester sdlvent per volume of formulation vehick

5 % or more weight of ricinoleate excipient per v

formulation vehicle comprises at least 10 % weight of ethanol per volume of formulation

vehicle.

Another aspect of the invention provides
stated as having any minimum ethanol content rer|
described in the paragraph immediately above bec

for intramuscular injection is one comprising 150

more weight of a pharmaceutically acceptable non
formulation vehicle and 5 % or more weight of ric
formulation vehicle.

According to another aspect of the inventi
formulation having a solubility for fulvestrant of a
injection comprising;

100 mg/ml or more of fulvestrant;

L

"PCT/GB02/0309

ion adapted for intramuscular injection) is |
cally
|

y of the formulations described herein

noved. For example, the formulation

~aqueous ester solvent per volume of

inoleate excipient per volume of

n there is provided a pharmaceutical

5% (w/v) or more castor oil per volume of formul

and at least the following amounts (% weight/volume of formulation vehicle) of ethanol
(ETOH), benzyl alcohol (BA), benzyl benzoate (BB) determined by the algorithm:
Y =-29.77+5.44 x ETOH +2.38 x BA + 1.57 x i "
wherein x is at least 100, ETOH is at least 5, BA is|at least 5 and BB is at least 5.

A preferred pharmaceutical formulation is gne wherém Y is selected from the group
consisting of 105, 110, 115, 120, 125, 130, 135, 1To, 145, iSO, 155, 160, 170, 180, 190, aj

200.
A more preferred pharmaceutical formulati

group consisting of 120, 125, 130, 135, 140, 145,

A more preferred phéumaceutical formulatign is one j’wherein Y is selected from the
group consisting of 150, 155, 160, 170, 180, 190 an 200.

&%n is one wherein Y is selected from the

ion vehicle;

150, 155, 160, 170, 180, 190, and 200.

omes: a pharmaceutical formulation ad%p

least Y mg/ml adapted for intramuscular

lume of formulation vehicle provided the

mg/ml oif more of fulvestrant, 15 % or more
weight of a pharmaceutically acceptable alcohol per volume of formulation vehicle, 17.5

nd

 ed
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A more preferred pharmaceutical formulation is one wherein Y is selected from 150,
155, 160, 170, 180, 190 and 200 and the formulation comprises at least 1 50mg/ml of
fulvestrant. . ‘

A more preferred pharmaceutical formulation is one wherein Y is 200 and the
formulation comprises at least 200mg/ml of fulvestrant.

According to another aspect of the present invention there is provided a pharmaceutical
formulation having a solubility for fulvestrant of at least 100 mg/ml adapted for intran__luscular
injection comprising;

100 mg/ml or more of fulvestrant;

5% (w/v) or more castor oil per volume of formulation vehicle; )

and at least the following amounts (% weight/volume of formulation vehicle) of ethanol
(EtOH), benzyl alcohol (BA), benzyl benzoate (BB) determined by the algorithm:
100=-29.77 + 544 x ETOH + 2.3§ x BA + 1.57 x BB; and

provided that the following formulation is excluded: fulvestrant up to 102 mg/ml, 15 %
weight of ethanol per volume of formulation vehicle, 15 % weight of benzyl alcohol per
volume of formulation vehicle, 15 % weight of benzyl benzoate per volume of formulation
vehicle and 30 % or more weight of castor oil per volume of formulation vehicle.

According to another aspect of the invention there is provided a pharmaceutical
formulation comprising fulvestrant at a concentration of at least 100 mg/ml in which the
formulation is adapted for intra-muscular injection into a human and which is capable after
injection of attaining a therapeutically significant blood plasma fulvestrant concentration in a
human for at least 2 months and provided that the following formulation is éxcluded:
fulvestrant up to 102 mg/ml, 15 % weight of ethanol per volume of formulation vehicle, 15 %
weight of benzyl alcohol per volume of formulation vehicle, 15 % weight of benzyl benzoate
per volume of formulation vehicle and 30 % or more weight of ricinoleate excipient per
volume of formulation vehicle.

According to another aspect of the invention there is provided a pharmaceutical
formulation comprising fulvestrant in which the formulation is adapted for intra-muscular
injection into a human and which is capable after injection of attaining a therapeutically
significant blood plasma fulvestrant concentration in a human for at least 2 months.

According to another aspect of the invention there is provided a pharmaceutical
formulation comprising fulvestrant at a concentration of at least 100 mg/ml in which the

formulation is adapted for intra-muscular injection into a human and which is capable after

Pa
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injection of attaining a therapeutically significant blopd plasma fulvestrant concentration in a

human for at least 2 months.

According to another aspect of the invention
formulation comprising fulvestrant at a concentratio
formulation is adapted for intra-muscular injection inj
injection of attaining a therapeutically significant blo

human for at least 2 months.

'According to another aspect of the invention there is provided a phannaceutica]

formulation comprising fulvestrant at a concentration

formulation is adapted for intra-muscular injection info a human and which is capable after

injection of attaining a therapeutically significant blogd plasma fulvestrant concentration in a

human for at least 2 months.

According to another aspect of the invention there is provided a pharmaceutical
formulation comprising fulvestrant at a concentration|of at least 300 mg/ml in which the

formulation is adapted for intra-muscular injection info a human and which is capable after

injection of attaining a therapeutically significant bl
human for at least 2 months.

According to one aspect of the invention there
phannéceutical formulations comprising about:
i)
10% weight per volume of ethanol
20% weight per volume of benzyl alcohol
15% weight per volume of benzyl benzoate
500-555mg of fulvestrant for each 5ml of finished for
and the remaining amount as castor oil;
ii)
10% weight per volume of ethanol
20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
500-700mg of fulvestrant for each Sml of finished for
and the remaining amount as castor oil;
iif)

10% weight per volume of ethanol

|of at least 150 mg/ml in which the

bd plasma fulvestrant concentration in a

PCTIGB02/03092

ere is provided a pharmaceutical

0 a human and which is capable after

of at least 200 mg/ml in which the

d plasma fulvestrant concentration in a

is provided any one of the following

mulation

mulation




o 20% welght per ol of etlwlol
o 20% wexght per volume of benzy] aleohol
o --‘}30% wexght per volume of henzyl benzaate

. ";_-;__.-.-..__"'30% weightpervolume of benzyl benzoate

15% wezghtpervolume of ethanol S
20% weight per volume of benzyl slatol

. 500-630mg of fulvestrant for each Sl ofﬁmshed fonnuiatxon
; and'the remammg amount as castor oxl "

'-"'- : 0% wmght per volume of ethanol :
: 20% we:ght per volume of benzyl alcohoi
: 50% we;ght per volume of benzyl benzoate i Y ot T L
50nig of ﬁzlvestrant for each Sl il of fnished formulaion o
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and the remaining amount as castor oil;

ix)

20% weight per volume of ethanol

20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate

750mg of fulvestrant for each Smi of finished formulation |

and the remaining amount as castor oil;

X)

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil;

xi)

9% weight per volume of ethanol

19% weight per volume of benzy! alcohol
47% weight per volume of benzyl benzoate

700mg of fulvestrant for each Sml of finished fomlulation

and the remaining amount as castor oil;
xii)

14% weight per volume of ethanol

19% weight per volume of benzyl alcohol
48% weight per volume of benzyl benzoate
700mg of fulvestrant for each Sml of finished fornfulation
and the remaining amount as castor oil;
xiii)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol
45% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;
Xiv)

9% weight per volume of ethanol

' PCT/GB02/03092




N } : o | 19% wexght per volume of benzyl alcohol
S 47% welght per. volume of benzyl benzoate L
750mg of fulvestrant for each S5mt of fimshed fonnulatlong" il y
o and the remaxmng ammmt as castor 011 : :
e 5 xv) ' _ . _
i 1 9% wexght per volume of ethaual A
- 19% weight per volume of benzyl aIcohcl |
28% welgbt per volume of benzyl benzaaxe ST L
 750mg of fulvestrant for each Sml of finished fonnulauon o

m and the remaxmng amount ascastor 011

4% wexght per volume ef ethanol
9% wexght per- velmne of bmzyl alcohol
_ 47%we1ghtpervelmneofbenzylbenzoate 7 Crenie
| ': 5 750mg of fulvestrant for each Sml of finishied formulatmn e

and the remammg amount as castor ml
- xvu) RIS
| 4% wexght per velume of e.thanol

L 19% wazghtpervolume ofbenzyl alcohgl
zo 47% welghtper volume of bcnzyl benzoate S el
" 150mg of fulvestrant for each Smi afﬁmshecfformulatmn S
i andtheremaxmng ameuntascastor o:l - R

o xvm) |

_ O%welghtpervolumeofethanol A

7,25, 20% weightper vohume of banzy dochol
45%welghtpervalumeofbenzyl benzoatg L o

_'i_:.'.;-:750mg of fulvestrantfor each Sml of ﬁmshed formnlauon . - o

andtheremmmng amountas castor Qﬂ e FREE

4 . - 30 15% Wenght per vo}ume of ethanol _
| | 10% weight per volume of benzyl ak:ohol
SR 45% we1ght per: voiume of benzyl benzoate T
: 750mg ef ﬁ:.lvestmm for each Sml of fimshed formulatxon"‘ e




Sl 29% wexght per volume of benzyl alcohol |
L 5 5% wexghtper volume ofbenzyi benzcate

:"""'andtheremmmng amaumascastor oxl e
“ o 10% weight per ve!ume of ethanol _
:{1&-_30% wezght per voluuxe of benzyl alcohol

""_2S°A welghtpervolume of 1','_ "_'l benzoate [ P O
750mg of fulvestrant for each Smi of finis ed rm" jom |
andtheremammgamuntaswstoroﬂ B et

L ”_“__T-_xxu)

K 15 10% we;ghtpervolmne of ethanol -
N 25% weight per -volune of benzyl alcohol o
N 30% welghtpervolume ofbenzyl benzoate - EUR L
- .».”:“jf-'_.';'_f;;':__"750mg of fulvestrant for each Sml ofﬁmshedformf.i ion ||
and the remammg amountascastorml | [

_ g 30%wexght per volume ofbenzyl alcoho_.:_;__:'
S 30% wexghtpervolume of benzyl benzoate ST
| o 750mg of flﬂvestrant for each SmI of ﬁmshed formuhatmn ’:;:-‘;:;

 :."lzgf.fandtheremmmngamountascastoroﬂ | : A

U "‘: 25% wexght per volume of benzyl alcohol
S . 30% welght per volumeof benzyl benzoate

| 5% wexght per volume of ethanol ¥
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25% weight per volume of benzyl alcohol o /Z
25% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation-

and the remaining amount as castor oil; and

Xxvi)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil. _

The term “comprising about” in this context means that the numerical value assigned
to each component of the formulation may be varied independently to accommodate
manufacturing specifications encountered by a skilled person when making up the
formulations. Typically this means plus or minus 5%, more preferably plus or minus 4%,
more preferably blus or minus 3%, more preferably plus or minus 2%, more preferably plus or
minus 1%. In a preferred embodiment, more variation in drug level is allowed compared with

other components. For example:

Drug (+/- %) Other components (+/- %)
5 4,3,20rl
4 3,20rl
3 20rl
2 1

The individual formulations described herein may comprise further excipients

- commonly used in the formulation field including, for example, an antioxidant preservative, a

colorant or a surfactant.

According to another aspect of the invention there is provided any one of the following
pharmaceutical formulations:
i)
10% weight per volume of ethanol
20% weight per volume of benzyl alcohol



o 15%we1ghtpervolumeofbenzylbenzoate S RN R
SOO-SSSmg of fulvestrant for each Sml of ﬁnished fqmnulauon_i e
e andtheremaxmngamomtascastoroxl : SR '
10% we;ght per volume of ethanol
' 20% weight per volume of benzyl aloobol
30°/owelghtpervolumeofbenzylbenzoate BB AR s i
% 500-700mg of fulvestrant for cach Sml ofﬁmshed fonmulaq mo
| '-"_".".:':;.j'andtheremmnmg amotmtascastoroxl FE 0 B S RS :
pr o -

30

s

1 5% werght per volume of eﬂlanol

- 720% weight per volume of benzyl alcohol
E 50% welght per volume of benzyl benzoaxe
e '...-A-_"if. 500 mg of fulvestmnt for each Smi-of" ﬁmshed formul
- and the remalmng amount as castor °ﬂ St

o IO% wexght per volume of ethanol

SR 20% weight per volume of henzyl alcohol
I ~ 50% weight per volume Of benzyl benzoate 1 N
‘_"\"7;'{};._’._500-750mg of’ fulvestrant for each Sml of ﬁmshed fofmulaﬁ' ' . ;_,._'-_-' R et

o ﬂ'zo%wexgmpervolumeofemanol o

. 20% weight per volume of benzyl a.lcohol
o 0%waghtpervolume ofbenzylbenzoate i RE
500-1175mg of fulvestrant for each Sml of ﬁmshed f?nnulaﬁgrgﬁ o
*_:_'%f‘;‘;;_andtherenmmmg amount ascastor oil S
__ E 5% we:ght per volume of ethanol S
__w%wexghtpervolumeofbenzyl alcohol o R A
50% weight per vohume of benzyl beszoate _' | S nE e T
-_-'lj'ﬁ'_500~810 mg of fulvestrant for each Sml of ﬁmshed fufmulatq&f; . L L
| and the remammgamountascastoroxl . |

‘ and the remammg amount as castor 011

n
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~vil)

15% weight per volume of ethanol

20% weight per volume of benzyl alcohot

30% weight per volume of benzyl benzoate

500-630mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil

viii)

- 10% weight per volume of ethanol

20% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sl of finished formulation

- and the remaining amount as castor ol

15
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ix)

20% weight per volume of ethanol

20% weight per volume of benzy! alcohol

30% weight per volume of benzyl benzoate

750mg of fulvestrant for each 5ml of finished formulation ~
and the remaining amount as castor oil

X)

15% weight per volume of ethanol

10% vfzeight per volume of benzy! alcohol

50% weight per volume of benzyl benzoate

750mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil.

A preferred pharmaceutical formulation described herein is one wherein the

' pharmaceutically-acceptable alcohol is a mixture of ethanol ‘and benzyl alcohol.

A preferréd pharmaceutical formulation described herein is one wherein the

pharmaceutically-acceptable non-aqueous ester solvent is selected from benzyl benzoate, ethyl

oleate, isopropyl myristate, isopropyl palmitate or a mixture of any thereof.
A preferred pharmaceutical formulation described herein is one wherein the

pharmaceutically-acceptable non—aquéous ester solvent is benzyl benzoate.

A preferred pharmaceutical formulation deseribed herein is one wherein the ricinoleate

excipient is castor oil.

>
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According to one aspect of the present inventjon there is provided a pharmaceutical |

formulation adapted for intramuscular injection comprising 100 mg/ml or more of fulvestrant,

10 % or more weight of a pharmaceutically acceptable alcohol per volume of pharmaceutical

formulation, 5 % or more weight of a pharmaceutically acceptable non-aqueous ester solvent

volume of pharmaceutical formulation provided:

a) ‘'the pharmaceutical formulation comprises at [least 5 % weight of ethanol per volume

ss than or equal to 13%, then the
% non-aqueous ester solvent; and
eater than 20 % but less than or equal

rise at least 30 % non-aqueous ester

b) if the pharmaceutically acceptable alcohol is ]

pharmaceutical formulation must comprise at least 5
c) if the pharmaceutically acceptable alcohol is
25 %, then the pharmaceutical formulation must com

solvent;

and also provided that the following pharmaceutical formulation is excluded: fulvestrant up to

102 mg/ml, 15 % weight of ethanol per volume of formulation vehicle, 15 % weight of benz
alcohol per volume of formulation vehicle, 15 % weight of benzyl benzoate per volume of
formulation vehicle and 30 % or more weight of ricinoleate excipient per volume of
formulation vehicle.
A preferred pharmaceutical formulation adapted for intramuscular injection is one
comprising 100 mg/ml or more of fulvestrant, 20 % dr more weight of a pharmaceutically
acceptable alcohol per volume of pharmaceutical formulation, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of pharmaceutical
formulation and 5 % or more weight of ricinoleate excipient per volume of pharmaceutical

formulation provided:

a) the pharmaceutical formulation comprises at [least 10 % weight of ethanol per volume

of pharmaceutical formulation;
b) if the pharmaceutically acceptable alcohol is 20%, then the pharmaceutical
formulation must comprise at least 22.5 % non-aquequs ester solvent; and

c) if the pharmaceutically acceptable alcohol is greater than 20 % but less than or equal

25 %, then the pharmaceutical formulation must comprise at least 15 % non-aqueous ester

solvent;

and also provided that the following pharmaceutical formulation is excluded: fulvestrant up fo

102 mg/ml, 15 % weight of ethanol per volume of fofmulation vehicle, 15 % weight of benz;

o

71

to
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alcohol per volume of formulation vehicle, 15 % weight of benzyl benzoate per volume of  /C__
formulation vehicle and 30 % or more weight of ricinoleate excipient per volume of
formulation vehicle. ‘ :

A more preferred pharmaceutical formulation adapted for intramuscular injection is
one comprising 150 mg/ml or more of fulvestrant, 25 % or more weight of a pharmaceutically
acceptable alcohol per volume of pharmaceutical formulation, 30 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of pharmaceutical
formulation and 5 % or more weight of ricinoleate excipient per volume of pharmaceutical
formulation provided:
aj the pharmaceutical formulation comprises at least 10 % weight of ethanol per volume
of pharmaceutical formulation;

b) if the pharmaceutically acceptable alcohol is less than 30 %, then the pharmaceutical
formulation must comprise at least 35 % non-aqueous ester solvent. ,

' A particularly preferred pharmaceutical formulation is one which comprises 15% w/v
or less of ethanol and in which the solubility of fulvestrant is at least 155mg/ml.

According to another aspect of the invention there is provided a unit dose of a
pharmaceutical formulation as described herein wherein the total volume of the formulation is
6ml or less.

According to another aspect of the invention there is provided a pharmaceutical
formulation adapted for intramuscular injection, as defined in any preceding claim for use in
medical therapy. ,

According to another aspect of the invention there is provided use of fulvestrant in the
preparation of a pharmaceutical formulation, as defined herein for the treatment of a benign or
malignant disease of the breast or reproductive tract.

According to another aspect of the invention there is provided use of fulvestrant in the
preparation of a pharmaceutical formulation, as defined in any preceding claim for the
treatment of a benign or malignant disease of the breast or reproductive tract in a human with
dosage intervals of at least 8 weeks.

According to another aspect of the invention there is provided a sterile syringe or vial
comprising a pharmaceutical formulation as defined in any preceding claim.

The term “pharmaceutical formulation” as used herein means the combination of drug
plus formulation vehicle. The terms “finished formulation™ and “finished pharmaceutical

formulation” mean the same as “pharmaceutical formulation”.
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-+ - = The term “formulation vehicle” as used hefein means the combination of all excipients |
used in the 'phannac'eutiéal formulation (and therefore excludes drug per se). |
- The distinction between pharmaceutical formulation and formulation vehicle is

" 'important for the following reason. For example, if the concentration (y % w/v) of an

excipient “A” is measured by its concentration in formulation vehicle and then drug is addFd,

the addition of drug will result in a concentration o excipieﬁt A that is lower than

|

expressed in terms of “formulation vehicle” into a goncentration of “finished pharmaceuti¢al

concentration y in the finished pharmaceutical formulation. To convert a concentration
formulation” it is necessary to use a displacement vJalue.

The “displacement value” is defined as the humber of parts by weight of compound
that displaces one part by weight of the formulation vehicle. The displacement value allov»Is

determination of the amount of formulation vehicle| displaced by the compound. The

displacement value is used to calculate the actual c mposition of the finished formulation in
terms of proportions of excipients. The density of the compound affects the amount of
formulation vehicle required to make the pharmacefitical formulation to the correct
. concentration. One part by weight of the compound with a density equal to the formuiation
vehicle will displace an equivalent volume of the fo ulation vehicle. A compound with
twice the density of the formulation vehicle will displace half the volume. It is therefore
necessary to make allowance for the compound in tgrms of the particular formulation vehicJe,
using the displacement value. |
For the avoidance of any doubt when using the term % weight per volume of
formulation for the constituents of the formulation We mean that within a unit volume of the
formulation a certain percentage of the constituent by weight will be present, for example a
1% weight per volume formulation will contain within a 100ml volume of formulation 1g of

the constituent. By way of further illustration

% of x by weight per volume of formulation 1]Weight of x in 1ml of formulation |
30% 300mg
20% 200mg
10% : 100mg
5% 50mg
1% 10mg
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Where whole numbers are used for % weight per volume of formulation, these refer to,/
rounded numbers where appropriate. For example, 4.6% would be rounded to 5%.

It is appreciated that in the formulation an excess of formulation may be included to
allow the attendant physician or care giver to be able to deliver the required dose. Therefore,
when a Sm! dose is required it would be appreciated that an excess of up to 0.25ml, preferably
up to 0.15ml will also be present in the formulation. Typically the formulation will be
presented in a vial or a prefilled syringe, preferably a prefilled syringe, containing a unit
dosage of the formulation as described herein, these being further features of the invention.

The pharmaceutically-acceptable alcohol may consist of one alcohol or a mixture of
two or more alcohols, preferably a mixture of two alcohols. Preferred pharmaceutically-
acceptable alcohols for parenteral administration are ethanol, benzyl alcohol or a mixture of
both ethanol and benzyl alcohol.

The pharmaceutically-acceptable non-aqueous ester solvent may consist of one or a
mixture of two or more pharmaceutically-acceptable non-aqueous ester solvents, preferably
just one. A preferred pharmaceutically-acceptable non-aqueous ester solvent for parenteral
administration is selected from benzyl benzoate, ethyl oleate, isopropyl myristate,isopropyl
palmitate or a mixture of any thereof.

It will be understood by the skilled person that the pharmaceutically-acceptable
alcohol will be of a quality such that it will meet pharmacopoeial standards (such as are
described in the US, British, European and Japanese pharmacopoeias) and as such will contain
some water and possibly other organic solvents, for example ethanol in the US Pharmacopeia
contains not less than 94.9% by volume and not more than 96.0% by volume of ethanol when
measured at 15.56°C. Dehydrated alcohol in the US Pharmacopeia contains not less than
99.5% ethanol by volume when measured at 15.56°C.

It will be understood by the skilled person that the pharmaceutically-acceptable non-
aqueous ester solvent will be of a quality that it will meet pharmacopoeial standards (such as
described in the US, British, European and Japanese pharmacopoeias).

Preferred combinations of pharmaceutically-acceptable alcohol and pharmaceutically-
acceptable non-aqueous ester solvent in the formulation are set out below:

By the use of the term ricinoleate excipient we mean an oil which has as a proportion
(at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% w/v) of its composition as
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triglycerides of ricinoleic acid. The ricinoleate vehic

is castor oil, ideally of pharmacopoeial standards, as escribed above.
We have surprisingly found that the above formulations of the invention provide, afte

intra-muscular injection, satisfactory release of fulve:
We have found that despite the rapid eliminat
excipients, i.e. the alcohol and pharmaceutically-acce

the formulation vehicle and the site of injection after

release at therapeutically significant levels of fulvestrant over an extended period can still

achieved by the formulation of the invention.

By use of fhe term “extended release” we mean at leasf 4 weeks, at least 5 weeks, and,

preferably at least 8 weeks of continuous release of fi

feature extended release is achieved for at least 8 weeks or 2 months, more preferably for at

least 12 weeks or 3 months.
It will be understood that the attendant physic

in two separate injections of 2.5ml, this is a further fe
Simply solubilising fulvestrant in an oil based
good release profile.
Preferably 5ml of the intramuscular injection
Additional excipients commonly used in the f

an antioxidant preservative, a colorant or a surfactant

excipient is a surfactant, more preferably an antioxidant.

As described above fulvestrant is useful in the
indications such as breast cancer and gynaecological

In addition to fulvestrant another similar type
investigation. SH-646 (11p-fluoro- 70~(14,14,15,15,]

e may be a synthetic oil or conveniently

k]

ant over an extended period of time.
on of the additional solubilising
ptable non-aqueous ester solvent, from

njection of the formulation, extended

lvestrant is achieved. In a preferred

an may wish to administer the
prmulation is sequentially administered
ature of the invention

liquid formulation is not predictive of 3

is administered.
erulati@n field including, for example

may be ﬁsed. A preferred optional

treatment of oestrogen-dependent
ronditions, such as endometriosis.
of molecule is currently under clinical

S-pentaﬂuoro-6-

methyl-10-thia-6-azapentadecyl)estra-1,3,5(10)-trieng

compound with the same mode of action as fulvestrz
structure. It is believed that the compound will also s

properties and therefore the current invention will als

Further features of the invention are those as ¢

substituted for fulvestrant.

-3,17p-diol) is also putatively a

t and has a very similar chemical

nare w1th fulvestrant similar physical

b have application with this compound.
lescribed above but in which SH-646 is
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The invention will now be illustrated by the following non-limiting Examples in
which:

Figure 1 shows plasma profiles obtained following IM injection (data normalised for
rabbit weight, based on 3.2 kg rabbit) in which the y-axis is conc (ng/ml) and the x-axis is
time (days);

Figure 2 shows comparison of plasma profiles in which:

Figure 2A shows plasma profiles from group A in which the y-axis is conc (ng/ml) and

the x-axis is time (days); and

Figure 2B shows plasma profiles from group B in which the y-axis is conc (ng/ml) and

the x-axis is time (days); _

Figure 3 shows plasma profiles from formulations 1, 5 and Control (normalised for

rabbit weight, based on 3.2 kg rabbit in which the y-axis is conc (ng/ml) and the x-axis

is time (days);
Figure 4 shows muscle residue data from 3 month PK study in which the y-axis is %
fulvestrant remaining per injection site and the x-axis is formulation number, Each bar
represents one injection site (2 sites per animal). '
Figure 5 shows predicted versus actual solubility
Figure 6 shows a confidence interval for predicted solubility




Flgure 7 shows plasma profiles ot obtained folljwing m injection (data normalised forl
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2. Experimental procedure _

2.1 1ml formulation vehicles were made up in triplicate by adding the appropriate volumes of

alcohols and benzyl benzoate, and then adding castor oil by weight

2.2 Fulvestrant was then added to excess, until no more drug was seen to visibly dissolve.

. The weight of fulvestrant added was noted.

2.3 A magnetic stirrer bar was placed in each vial.

2.4 All the samples were overlaid with nitrogen and the vials were capped placed in

the reaction block and stirred at a speed of 1000 at a temperature of 4°C

2.5 Using the PDP 20 - 200 pL pipettor, 200 pL aliquots were removeq from each vial
after 6 days and transferred to ultracentrifuge tubes. These tubes were
centrifuged at a speed of 80,000 r.p.m. for 30 minutes at 25°C.

2.6 HPLC eluent was prepared by adding 1400 mL methanol, 450 mL water and 150 mL
acetonitrile to a 2 litre plastic-coated solvent bottle.

2.7 990 pL HPLC eluent was added to 60 amber glass HPLC vials using a 1mL Pipette.

2.8 3 x 10 pL of supernatant were removed from each ultracentrifuge tube using the Pipette
PDP 0.5-25 pL pipette and added to the vials containing eluent.

2.9 The samples were diluted again 1 in 10. 100y sample was added to 900u! HPLC eluent

2.10 The amber vials were capped, vortex mixed for 10 seconds, sonicated for 10 minutes and
then placed in the HPLC autosampler tray.

3. Calibration preparation

3.1 Approximately 10 mg fulvestrant was accurately weighed into an aluminium weigh pan on
the microbalance and placed in a 5 mL glass volumetric flask The actual weight was

recorded.

3.2 Approximately 4.5 mL HPLC eluent was added to the flask using a plastic pasteur pipette.
The flask was then sonicated for 5 minutes prior to making accurately to volume (to give a
spiking solution of approximately 2 mg.mL").

3.3 0-250 pL spiking solution was added to 2 mL amber HPLC vials using the appropriate
Pipette and the volume made to 1 mL with HPLC eluent using a 1 mL Pipette

as shown in the table below:



u- |
" - Volume Spiking Volume HPLC | T edreﬁca:ﬂ
So‘l'ufibn ' o eluent - | f vestrant
(L) C (uL) C ncentratlon‘
(ng.mL") |
0 1000 T 0
| 995 ’ | | 1;0
25 % 50
50 950 fléo
00 500 200
150 | 850 300
200 800 400
250 750 500

3.4 The HPLC via_is were capped, vortexed for 10 sefonds and placed on the HPLC
autosampler tray.
5 3.5 A calibration was prepared (as per 3.1 - 3.4) for broth batches of ICI 182780.

4. HPLC Conditions '

Eluent : 70% MeOH /.22.5% Water / 7 5% ACN .

Column : 25 cm 5p Hypersil ODI 4.6 mm i.d. with guard column
10 Detection Wave_length : 280 nm - .

Flow rate : - 1.2 mL.min" | !{

Temperature : Ambient

Injection volume : 50 uL ) ’ ,

Retention time : : 12 minutes approximatle
15 ‘

Example 1

Pharmaceutical Formulations

Fulvestrant is mixed with ethanol and benzyl a?ﬂcohol , stirring until completely
dissolved. Benzyl benzoate is added and the solution js made ﬁo final wexght with castor oil -
20 and stirred, (for convenience weight is used rather thap volume by using the weight. fo volume

I

!

(

i

i

.- !
‘i
i
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ratio). The bulk solution is overlaid with nitrogen. The solution is sterilised by filtration usin

one or two filters of 0.2um porosity. The sterile filtrate is kept under a nitrogen overlay as it
is filled under aseptic conditions into washed and depyrogenised, sterile primary containers,
for example vials or pre-filled syringes. An overage is included in the primary pack to
facilitate removal of the dose volume. The primary packs are overlaid with sterile nitrogen,
before aseptically sealing. The process flow diagram below depicts the manufacturing
process.

Quantities of each component of the formulation is chosen according to the required
formulation specification, examples are described above. For example quantities are added of
each component to prepare the following formulations:

)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

15% weight per volume of benzyl benzoate

500mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil

b)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate

500mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil

c)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol

50% weight per volume of benzyl benzoate

500mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil

d)

20% weight per volume of ethanol

20% weight per volume of benzyl alcohol

30% weight per volume of benzyl benzoate
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500mg of fulvestrant for each 5ml of finished formulati

and the remaining amount as castor oil

€)

15% weight per volume of ethanol

10% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate

500mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil

H

15% weight per volume of ethanol

20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
500mg of fulvestrant for each 5ml of finished formula

and the remaining amount as castor oil

PCT/CB02/03092
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FLOW DIAGRAM OF MANUFACTURING

Ingredients/Components

Fulvestrant
Alcohol
Benzy! Alcohol

Benzyl Benzoate

Castor Oil

—

Process

STAGE 1: DISSOLUTION OF
ACTIVE AGENT

v

STAGE 2: MIX

v

STAGE 3: MAKE TO
WEIGHT

v

STAGE 4: STERILE FILTRATION
(0.2pm)
INTO BULK RECEIVING VESSEL

v

STAGE 5: STERILE (0.2um)
IN.-LINE FILTRATION

S’I‘AG&& ASEPTIC FILLING,
AND STOPPERING

STAG&?: VISUAL
INSPECTION

PCT/GB02/03092
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. "Example?2 .
" 'Stability studies to 4 months for selection of stable|100mg/ml Pharmaceutical
formulations
FFormulation No. [Fulvestrant  96% Benzyl Benzyl  [Castor oil|Observations
EtOH Alcohol Benzoate (visual)

‘ (mg/ml) | % wiv % wiv % wiv % w/v | 4 months
Sample 1 100 5 10 15 to 100% | Precipitated
Sample 2 100 5 10 30 to 100% | Precipitated
Sample 3 100 7.5 10 15 to 100% | Precipitated
Sample 4 100 7.5 10 30 to 100% | Precipitated
Sample § 100 10 10 15 to 100% | Precipitated
Sample 6 100 10 10 17.5 to 100% | Precipitated
Sample 7 100 10 10 20 to 100% | Precipitated
Sample 8 100 10 10 22.5 to 100%| Solution

ample 9 100 10 10 25 to 100%| Solution
Sample 10 100 10 10 27.5 to 100%| Solution
Sample 11 100 10 10 30 t0 100% | Solution
Sample 12 100 10 10 40 to 100% | _Solution
Sample 13 100 10 10 50 to 100%| Solution
Sample 14 100 10 15 15 to 100%| Solution
Sample 15 100 10 15 30 to 100%| Solution
Sample 16 100 10 15 | 40 to 100% | Solution
Sample 17 100 10 15 50 t0 100%{ Solution
Sample 18 100 10 20 15 to 100%| Solution
Sample 19 100 10 20 30 to 100%| Solution
Sample 20 100 10 20 40 to 100% - Solution
Sample 21 100 10 20 50 to 100%| Solution
Sample 22 100 15 10 15 to 100% | Solution
Sample 23 100 15 10 30 to 100% | Solution
Sample 24 100 15 10 40 10 100%| Solution
Sample 25 100 15 10 50 to 100% | Solution
Sample 26 100 20 5 15 to 100%|{ Solution
Sample 27 100 20 5 30 to 100%| Solution
Sample 28 100 20 10 15 to 100% | Solution
Sample 29 100 20 10 30 to 100%| Solution
Sample 30 100 20 10 40 to 100%| Solution
Sample 31 100 20 10 . 50 to 100%| Solution
Sample 32 100 15 15 15 to 100%| Solution
Sample 33 100 15 15 30, t0 100% | Solution
Sample 34 100 15 15 40 to 100%{ Solution
Sample 35 100 15 15 50 to 100%| Solution
Sample 36 100 15 20 15 to 100%| Solution
Sample 37 100 15 20 30 to 100%| Solution
Sample 38 100 15 20 50 to 100% | Solution
Sample 39 100 20 20 15 t0 100%] Solution
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Sample 40 100 20 20 30 to 100%| Solution

ontrol Sample] 52.16 | 10 10 15 60 | Solution

The Control Sample refers to the following Pharmaceutical formulation: fulvestrant 50mg/ml,

ethanol 10% w/v, benzylalcohol 10% w/v, benzyl benzoate 15% w/v and made to volume

with castor oil.

Example 3

Pharmaceutical formulations selected for in vivo deposition and in vitro precipitation

studies

The pharmaceutical formulations below were selected from Example 2 for further study.

[Formulation |Fulvestrant |95% ETOH | Benzyl Alcohol | Benzyl Benzoate | Castor oil
% wiv S%w/v %w/v %w/v - Y% wliv
Sample 1 10 10 10 30 to 100%
Sample 2 10 10 10 50 " to 100%
Sample 3 10 10 20 15 to 100%
Sample 4 10 10 20 30 to 100%
Sample 5 10 10 20 50 to 100%
Sample 6 10 20 5 15 to 100%
Sample 7 To 20 5 30 to 100%
Sample 8 10 20 20 15 to 100%
[Sample 9 10 20 20 30 to 100%
Sample 10 10 15 10 15 to 100%
Sample 11 10 15 10 30 to 100%
Sample 12 10 15 10 50 To 100%
Sample 13 10 15 20 15 to 100%
Sample 14 10 15 20 50 to 100%
Sample 15 10 15 20 30 to 100%
Sample 16 5 10 10 15 to 100%

A matrix of 7 pharmaceutical formulations (samples 3, 4, 5, 9, 12, 14 and 16 — see Example 3
below) was identified for further evaluation from in vitro precipitation and deposition studies.
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Sample 16 was a control. The precipitation experintnt invoived visual inspection of each

sample under conditions where evaporation of alcohbpls led to precipitation of drug.

Example 4
In vivo Studies

Pharmaceutical formulations identified for furth

“PCT/GB02/03092

r in vivo evaluation

Excipients (%) w/v)

No. _ Fulvestrant (%w/v) Ethanol Benzyl Benzyl Castor

96% alcohol __benzoate oil
Fl 10 10 20 15 45
F2 10 10 20 30 30
F3 10 10 20 50 10
F4 10 20 20 30 20
F5 10 15 10 50 15
F6 10 15 20 50 5
F7 10 15 20 30 25
Control 5 10 10 15 60

(a) An in vivo pharmacokinetic (PK) study on thnt;e 7 pharmaceutical formulations wa}s

performed over 3 months duration; results are

Analysis of PK results

Plasma levels were more variable than Contrgl over the first 30 days; variability was

similar to control thereafter. After 2 months, drugle

hown in Figures 1, 2 and 3.

vels were equivalent to Control at 1

month indicating a prolonged period of action over

surprising because, compared with Control which dogs not precipitate drug locally, local

precipitation at the site of injection of the tested fo
release profile.

Some differences in profiles were noted over
divided into 2 groups (with Formulation F7 showing
Group A, rapid release early time points (50% Benzy,
see figure 2A
Group B, lower release, flatter profile (< 30% Benzyl
see figure 2B

ontrol. This release profile was
ulations was expected to impair their
the first 30 days such that they were
intermediate behaviour).

benzoate and low castor oil £ 15%) -

benzoate and higher castor oil > 20%) -




10

15

20

25

30

35

"2l

WO 03/006064 PCT/GB02/03092

-.31-
(b) Histopathology

Local tolerance was assessed to IM injection of the 7 pharmaceutical formulations and
Control. Lesions were observed over a 51 day period. All pharmaceutical formulations

caused tissue reactions greater than Control.

(c) Plasma levels for 100mg dose at critical time points (ng/ml)

Form. Dose _ Time point (days)

(mg) 28 56 84
1 100 8.7 4.6 3.5
2 100 8.0 3.6 2.6
3 100 : 94 35 2.0
4 100 7.7 5.0 34
5 100 9.1 4.5 2.6
6 100 9.9 3.3 1.9
7 100 9.9 35 3.2
Control 50 3.3 1.7
Summary

Duration for 100mg dose = min 2 months.

Duration for 150mg dose = min 3 months.
(d) Measurement of Fulvestrant solubility in 7 pharmaceutical formulations after 6 days
Formulation Solubility (mg/ml)

6days
F1 111
F2 140
F3 175
F4 235
F5 162
Fé6 212
F7 126



10

~ WO 03/006064

-32.
Example 5
Model for Fulvestrant Solubility

Formulation vehicles for Fulvestrant - solubility

Formulation 96%  Benzyl Alcohol Benzyl Bewa& Castor oil Solubility solubility

ETOH

' PCTIGR02/03092

Measured
Fulvestrant Predicted

No. Yo wiv % wiv % wiv % wiv__ (mg/ml)  (mg/ml)
Sample 1 5 5 0 to 100% 27 9.4
Sample 2 5 5 15 to 100% 36 32.8
Sample 3 10 5 0 to 100% 46 48.5
Sample 4 10 5 15 to 100% 54 36.6
Sample 5 10 10 . 0 to 100% 45 60.1
Sample 6 10 10 15 to 100% 65 72
Sample 7 15 15 0 to 100% 76 87.6
Sample 8 15 15 15 to 100% 102 111.1
Sample 9 11 22 17 to 100% 111 109.8
Sample 10 11 22 33 to 100% 140 166.1
Sample 11 11 22 56 to 100% 175 135.8
Sample 12 22 22 33 to 100% 235 174.4
Sample 13 17 11 56 to 100% 162 170.6
Sample 14 17 22 56 to 100% 212 200.9
Sample 15 17 22 33 to 100% 126 196.3

A linear regression model was fitted to solubility datg from 15 samples using as independent

variables the % ethanol, benzyl alcohol and benzy! be
following mode! was obtained which had an R-Squar
SOLUBILITY =.29.77 +5.44 x ETOH +2.38x B

Benzyl alcohol =BA, benzyl benzoate = BB, Ethanol = ETOH.

Solubility measured as mg/ml
See Figures 5 and 6 based on the following data

measured  lower predicted upper

C.L. C.L.
27 0 9.4 31.1
36 10 32.8 55.7

45 31.6 48.5 65.4
46 17.1 36.6 56.1
54 40.9 60.1 79.2
65 59 72 85
76 64.7 87.6 110.6
102 95.6 111.1 126.7
111 854  109.8 134.1
126 149 166.1 183.1

nzoate levels in the formulations. The
ed value of 93.2%:
‘ +1.57x BB
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140 1142 135.8 1575
162 1425 1744 2063
175 1434 1706 1979
212 179.6 2009 2222
235 1687 1963 224

The table below shows predicted solubilities for a matrix of pharmaceutical formulations

tested for stability. A good correlation was obtained with visual observations.

Formulation of Fulvestrant - stability
Predicted

Formulation  Fulvestrant 95%  Benzyl AlcoholBenzy! BenzoateCastor oil Observations solubility

ETOH
No. (mg/ml) % wiv % wiv % wiv %w/v__ 4 months (mg/ml)
Sample 1 160 5 10 13 60  Precipitated  53.1
Sample 2 100 5 10 30 45  Precipitated = 79.2
Sample 3 100 7.5 10 15 57.5 Precipitated 68.2
Sample 4 100 7.5 10 30 42.5 Precipitated 94.3
Sample 5 100 10 10 15 55 Precipitated  83.3
Sample 6 100 10 10 175 52.5 Precipitated 87.6 -
Sample 7 100 10 10 20 50  Precipitated 92.0
Sample 8 100 10 10 22.5 415 Solution 96.4
Sample 9 100 10 10 25 45 Solution 100.7
Sample 10 100 10 10 275 42.5 Solution 105.1
Sample 11 100 10 10 30 40 Solution 109.5
Sample 12 100 10 10 40 30 Solution  126.9
Sample 13 100 10 10 50 20 Solution 1443
Sample 14 100 10 15 15 50 Solution 96.5
Sample 15 100 10 15 30 35 Solution 122.7
Sample 16 100 10 15 40 25 Solution 140.1
Sample 17 100 10 15 50 15 Solution 157.6
Sample 18 100 10 20 15 45 Solution 109.7
Sample 19 100 10 20 30 30 Solution 1359
Sample 20 100 10 20 40 20 Solution =~ 153.3
Sample 2] 100 10 20 50 10 Solution 170.8
Sample 22 100 15 10 15 50 Solution 113.5
Sample 23 100 15 10 30 35 Solution 139.7
Sample 24 100 15 10 40 25 Solution 157.1
Sample 25 100 15 10 : 50 15 Solution 174.6
Sample 26 100 20 5 15 50 Solution 130.5
Sample 27 100 20 5 30 35 Solution 156.7
Sample 28 100 20 10 15 45 Solution 143.7
Sample 29 100 20 10 30 30 Solution 169.9
Sample 30 100 20 10 40 20 Solution 187.3
Sample 31 100 20 10 50 10 Solution 204.8
Sample 32 100 15 15 15 45 Solution 126.7
Sample 33 100 15 I5 30 30 Solution 1529
Sample 34 100 15 15 40 20 Solution 170.3
Sample 35 100 15 15 50 10 Solution 187.8
Sample 36 100 15 20 15 40 Solution 140.0
Sample 37 100 15 20 30 25 Solution 166.1
Sample 38 100 15 20 50 5 Solution 2010
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Sample 39 100 20 20 15 35  Solution 1702

Sample 40 100 20 20 30 20 Solution 1963

Control Sample  52.16 10 10 15 | 60  Solution 72,0

[Faslodex]

The Tables below show predicted formulations for various solubilities of fulvestrant; where

an “X” means in solution. Note that the Tables include some impractical formulations whe*re
5 the sum of components becomes greater than 100%

wide combinations of ethanol/ benzyl alcohol / benz
achieve different solubilities of fulvestrant.

The principal purpose is to illustrate the
yl benzoate taught by the invention to
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Example 6
In-vivo Pharmacokinetic study using compositions at 140mg/ml of fulvestrant
Formulations F3 and F6 as described in Example 4 were modified to contain an
increased level of fulvestrant to 140mg/ml. The modified formulations were named F8 and
F9 as described below.

Formulation Composition B
The compositions of the formulations dosed in the PK study are shown in the table

below. _ _

Formulation | Fulvestrant Ethanol 96% | Benzyl Benzyl Castor Ol

No. (%w/v) (%wiv) alcohol Benzoate (%wiv)
(%w/v) (%ow/v)

Fg 14 9 19 147 To 100%

F9 14 14 19 48 To 100%

PK Profile

The results are set out in Figure 7. The composition of the Control is the same as
described in Example 4. Compositions F8 and F9 gave similar profiles with iniproved

performance in terms of extended release of higher levels fulvestrant compared with Control.

Example 7
Compositions at 150mg/ml fulvestrant

Compositions analogous or similar to F3, F4, F5 and F6 (see Example 4) but

comprising 150mg/ml of fulvestrant are prepared as follows.

Formulation | Fulvestrant Ethanol 96% | Benzyl Benzyl Castor Oil
No. (%w/v) (%owiv) alcohol Benzoate (Yow/v)
(%w/v) (%w/v)

F10 15 10 20 50 To 100%
F11 15 20 20 30 To 100%
F12 15 15 10 50 To 100%
F13 15 15 20 45 To 100%
F14 15 9 19 47 To 100%
F15 15 19 19 28 To 100%
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F16 15 12 9 T47 To 100%
F17 15 1 19 (47 To 100%

|FI8 15 10 20 [45 To 100%

F19 15 15 10 1% To 100%
720 15 30 30 [25 To 100%
a1 i5 10 30 %5 To 100%
22 115 10 %5 30 To 100%
F3 s 10 30 30 To 100%
724 15 5 25 30 To 100%
F25 15 3 35 35 To 100%
26 5 15 20 30 To 100%
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Claims
1. A pharmaceutical formulation adapted for intramuscular injection comprising 100

mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically acceptable alcohol
per volume of formulation vehicle, 5 % or more weight of a pharmaceutically acceptaBle non-
aqueous ester solvent per volume of formulation vehicle and § % or more weight of
ricinoleate excipient per volume of formulation vehicle provided the formulation vehicle
comprises at least 5 % weight of ethanol per volume of formulation vehicle and provided that
the following formulation is excluded: fulvestrant up to 102 mg/ml, 15_ % weight of ethanol
per volume of formulation vehicle, 15 % weight of benzyl alcohol per volume of formulzition
vehicle, 15 % weight of benzyl benzoate per volume of formulation ve;hicle and 30 % or more

weight of ricinoleate excipient per volume of formulation vehicle. |

2. A pharmaceutical formulation adapted for intramuscular injection according to claim 2
comprising 105 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the

formulation comprises at least 5 % weight of ethanol per volume of formulation vehicle.

3. A pharmaceutical formulation adapted for intramuscular injection according to claim 1
comprising 110 mg/m! or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and
5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation

vehicle.

4. A pharmaceutical formulation adapted for intramuscular injection according to claim 1
comprising 115 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically
acceptable alcohol per volume of formulation vehicle, 5 % or more weight of a
pharmaceutically acceptable non-aqixeous ester solvent per volume of formulation vehicle and

5 % or more weight of ricinoleate excipient per volume of formulation vehicle provided the
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formulation vehicle comprises at least 5 % weight of ethanol per volume of formulation

vehicle.

5. A pharmaceutical formulation adapted for intw amuscular injection according to claim
comprising 120 mg/ml or more of fulvestrant, 10 % or more weight of a pharmaceutically

acceptable alcohol per volume of formulation vehicle

pharmaceutically acceptable non-aqueous ester sol\;eltt per volume of formulation vehicle anli

5 % or more weight of ricinoleate excipient per vol

formulation vehicle comprises at least 5 % weight of gthanol per volume of formulation

vehicle.

6. A pharmaceutical formulation adapted for intr[unusculér injection according to claim

comprising 130 mg/ml or more of fulvestrant, 15 % o

acceptable alcohol per volume of formulation vehicle

pharmaceutically acceptable non-aqueous ester solve
5 % or more weight of ricinoleate excipient per vol
formulation vehicle comprises at least 5 % weight of

vehicle.

7. A pharmaceutical formulation adapted for intramuscular injection according to claim

comprising 140 mg/ml or more of fulvestrant, 15 % o

acceptable alcohol per volume of formulation vehicle,

PCT/GB02/03092

P

5 % or more weight of a

e of formulation vehicle provided the

—

more weight of a pharmaceutically
5 % or more weight of a
t per volume of formulation vehicle and
e of formulation vehicle provided the

thanol per volume of formulation

more weight of a pharmaceutically
12.5 % or more weight of a

. pharmaceutically acceptable non-aqueous ester solvent per volume of formulation vehicle and

5 % or more weight of ricinoleate excipient per vol
formulation vehicle comprises at least 10 % weight o

vehicle.

8. A pharmaceutical formulation adapted for intrimuscula: injection according to claim |

comprising 150 mg/ml or more of fulvestrant, 15 % or
acceptable alcohol per volume of formulation vehicle,

pharmaceutically acceptable non-aqueous ester solven

5 % or more weight of ricinoleate excipient per volurrwe of formulation vehicle provided the

e of formulation vehicle provided the

ethanol per volume of formulation

more weight of a pharmaceutically
17.5 % or more weight of a
t per volume of formulation vehicle and
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formulation vehicle comprises at least 10 % weight of ethanol per volume of formulation

vehicle.

9. A pharmaceutical formulation having a solubility for fulvestrant of at least Y mg/ml
adapted for intramuscular injection comprising;

100 mg/ml or more of fulvestrant;

5% (W/v) or more castor oil per volume of formulation vehicle;

and at least the following amounts (% weight/volume of formulation vehicle) of ethanol
(ETOH), benzyl alcohol (BA), benzyl benzoate (BB) determined by the algorithm:

Y =-29.77 + 5.44ETOH + 2.38BA + 1.57BB

wherein Y is at least 100, ETOH is at least 5, BA is at least 5 and BB is at least 5.

10. A pharmaceutical formulation according to claim 9 wherein'Y is selected from the
group consisting of 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 170, 180,
190, and 200.

11. A pharmaceutical formulation according to claim 9 wherein Y is selected from the
group consisting of 120, 125, 130, 135, 140, 145, 150, 155, 160, 170, 180, 190, and 200.

12. A pharmaceutical formulation according to claim 9 wherein Y is selected from the
group consisting of 150, 155, 160, 170, 180, 190 and 200.

13. A pharmaceutical formulation according to claim 9 wherein Y is selected from 150,
155, 160, 170, 180, 190 and 200 and the formulation comprises at least 150mg/ml of
fulvestrant.

14. A pharmaceutical formulation according to claim 9 wherein Y is 200 and the
formulation comprises at least 200mg/ml of fulvestrant.

15. A pharmaceutical formulation comprising fulvestrant at a concentration of at least 100
mg/ml in which the formulation is adapted for intra-muscular injection into a human and
which is capable after injection of attaining a therapeutically significant blood plasma

fulvestrant concentration in a human for at least 2 months and provided that the following
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formulation is excluded: fulvestrant up to 102 mg/;

, 15 % weight of ethanol per volume of

r volume of formulation vehicle, 15 %

formulation vehicle, 15 % weight of benzyl dlcohol
weight of benzyl benzoate per volume of formulatio vehicleland 30 % or more weight of

ricinoleate excipient per volume of formulation vehigle.

16. A pharmaceutical formulation comprising fulvestrant at a concentration of at least 130
mg/ml in which the formulation is adapted for intra- uscular injection into 2 human and
which is capable after injection of attaining a therapeutically significant blood plasma

fulvestrant concentration in a human for at least 2 mqnths.

17.  Any one of the following pharmaceutical formulations comprising about:
i)

10% weight per volume of ethanol

20% weight per volume of benzy!l alcohol
15% weight per volume of benzyl benzoate
500-555mg of fulvestrant for each Sml of finished foymulation
and the remaining amount as castor oil; |
ii)

10% weight per volume of ethanol

20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate
500-700mg of fulvestrant for each 5ml of finished fogmulation
and the remaining amount as castor oil;

iii)

10% weight per volume of ethanol

20% weight per volume of benzy] alcohol
50% weight per volume of benzy! benzoate
500-750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;

iv)

20% weight per volume of ethanol

20% weight per volume of benzyl alcohol
30% weight per volume of benzyl benzoate




- 5% wexght per wlume of ethanol
1 20% weight per volume of benzyl alcohol -
_ ;'550% weight pervolnme of benzyl benzoate PR O AT S
i | fj'-'SOG mg of ﬁxlvwrant for each 5mlof ﬁmshed formulatxon | o
| ‘__-and the remammg amaunt as castor ml R "

S 3@%§'we1ghtpervohnne ofbenzyl benzoate

R _f and the remaxmng amount as castor 011

L ‘vm)

. 50% weight per volume of b o
e .","750mg of fulvesn'ant for each Sml of fmished f ‘rmulatmn

i 20% we:ght per volume of ethanol

,0% weight per volume of benzyl benzoate
e 750mg of ﬁxlvestrant for each Sml of ﬁmshed fomulatmn
__\_and the remaunng a:munt as ‘castor. o:l S

per vokxme of

2090wt vl ofbenay ool 1;-. R W

f"““lbenzoate

"d the remmmng amoxmt as castar 011

20% weight per volume of benzyl alcohol
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X)
15% weight per volume of ethanol
10% weight per volume of benzyl alcohol
50% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;
Xi)
9% weight per volume of ethanol
19% weight per volume of benzyl alcohol
47% weight per volume of benzyl benzoate
700mg of fulvestrant for each 5ml of finished formulation
and the remaining amount as castor oil;
xii)
14% weight per volume of ethanol
19% weight per volume of benzyl alcohol
48% weight per volume of benzyl benzoate
700mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil;
xiii)
15% weight per volume of ethanol
20% weight per volume of benzyl alcohol
45% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil;
Xiv)
9% weight per volume of ethanol
19% weight per volume of benzyl alcohol
47% weight per volume of benzyl benzoate
750mg of fulvestrant for each Sml of finished formulation
and the remaining amount as castor oil;
xv)
19% weight per volume of ethanol
19% weight per volume of benzyl alcohol

PCT/GB02/03092
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Omg of flvestrant for each Szl ofﬁmshed fomuxauon T

-and'therema;mngm‘““as‘;m"’ 011’ B 5 |

% wmght per wlume of ethanol e
19% welght per; volume of benzyi alcohoi
- 47% weig "t'_per volume of benzyl benzoate O
7 750mg of ful i'estrant for each Sml of ﬁmshed fonnu!auon-_
and the remalmng amannt a5 castor o__' L |

| ?’l&"/_. we:ghtpar volume of ethanol

?_25% wexght per volume of t
:-750mg of ﬂﬂv&strant for eash Sml of ﬁmshed formulatwn ¥
-and the remannng amannt as castor 011,
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P xxu)

30% weight per volume of benzyl benzoate oA T
B 750mg of ﬂ:lvestrant for each Sml of ﬁmshed fullancm R
E and the remaxnmg amount 25 castor oxl . |

o 10% wexght per volmne of ethanol |
. 30% weight per volume of benzyl aleohol

| 30%wexghtpervolume of benzyl benzoate ERE L T b
. 750meg of fulvestrant for each 5l of finished fonn“lLuoﬁ'é‘; U
o "'.;'iandthe remaxmngamountascastoroxl T Se L

= S%wexghtpcrvolum of benzyl benZoate - R SRRCL
and the remammg amount ascastor oxl and i T N 7

N 30% we:ght per volmne of benzyl alcohnl
25% wmght per volume of benzyl benzoate

S 750mg of ﬂzlvesn'ant for each 5ml of fxmshed form : on T g :
s andtheremammgamountascastorml ‘ e

0% wetght per volume of ethanol _
s :._ 25% wexght per volume of benzyl alcohol

ﬂ% weight per volume of benzyl benzoate

- 750mg of falvestrant for each 5l of ﬁmshed formuiat:on SR

- and the remaxmng amount as castor oxl =

_»_'"-:,-'xxxv) A
- , ' " 15% weight per volume of ethanol
" 25% welght per volume ofbmzyl alcohol

1-;"15% Wezght per volume of ethanol e
25% Welghtpervolmm ofbenzyl alcohol

-' 15% wexght per volmne of ethanol

o '20% wexgbt per volume of benzyl alcohol o G e

EC ,Gnoz/osogz
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30% weight per volume of benzyl benzoate
750mg of fulvestrant for each 5ml of finished formulation

and the remaining amount as castor oil.

18. A pharmaceutical formulation as claimed in any preceding claim wherein the
pharmaceutically-acceptable alcohol is a mixture of ethanol and benzyl alcohol.

19. A pbarmaceutical formulation as claimed in any preceding claim wherein the
pharmaceutically-acceptable non-aqueous ester solvent is selected from benzyl benzoate,
ethyl oleate, isopropyl myristate, isopropyl palmitate or a mixture of any thereof.

20. A pharmaceutical formulation as claimed in any preceding claim wherein the

pharmaceutically-acceptable non-aqueous ester solvent is benzyl benzoate.

21. A pharmaceutical formulation as claimed in any preceding claim wherein the

ricinoleate excipient is castor oil.

22. A unit dose of a pharmaceutical formulation as claimed in any preceding claim

wherein the total volume of the formulation is 6ml or less.

23. A pharmaceutical formulation adapted for intramuscular injection, as defined in any

preceding claim for use in medical therapy.

24.  Use of fulvestrant in the preparation of a pharmaceutical formulation, as defined in
any preceding claim for the treatment of a benign or malignant disease of the breast or

reproductive tract,

25.  Use of fulvestrant in the preparation of a pharmaceutical formulation, as defined in
any preceding claim for the treatment of a benign or malignant disease of the breast or

reproductive tract in 2 human with dosage intervals of at least 8 weeks.

26. A sterile syringe or vial comprising a pharmaceutical formulation as defined in any

preceding claim.
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