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[] De ser at caso, documento qua acredite la Ucencia o autorización de uso de conocimientos tradicionales do las comuni-
dades indigenas. 

E Do ser at caso, certfllcado de depósito del material biotógico. 

[]Me final INV. 

[1] Do ser at caso, información sobre ohs solicitudes de patente o titulos obtenidas enet extranjero par at mismo titular a su 
causante, retacionadas parcial o totalmente con la invención de esta soticitud. 
Otros Tarjeta do Propietarios 

11 RGuRAcARAcTERs11cA 

IC.C.170.322deBogota 
I 

Insirucciones pare la presentacion de tos anexos, var reverso de esta pÆgina. 





NIT ; 00176089-2 

RECIBO OFICIAL DE CAJA 03 - 88!497 

FECHA DICIEflBRE 3 DE 2003 

$**** CONflGNACION ***1$ 

flEPOSITANTE TIPO PACO BANCO CUENTA No PACO FECHA PSU Vr. PA3O 

RI6ARB & CASTRO LTBA C3HSISNACON BAt4CU POPULAR 05-00110- 1373379 03/12/2003 334000000 

***t* C 0 N C E P 1 0 ***** 

CANT RENTISTICO CONCEPTO TOTAL CONCEPTU 

1 50005-01-01 SOLICITUDES 1 TRAMITES BE SQL BE PATENTE BE IN 400,000.00 

TOTAL $ 400000.00 

SON:. CUATROCIENTOS NIL PESOS 

1 

4, / RESPONSABLE 

RECIBO BE CAJA APLICABO AL EXPEDIENTE No  



’1 
SUPERINDUSTRIA Y COMERCW 

Radkaen, 4888761 80880880 Folios: 138 
AND}: 2004-01-07 17:03: 

PILl: 800176089-2 Iite :O1IPtT-PATEflr 379 Nd 411 PRESENIACJ 

CERTIFICACION DE EXCEDENTE : 04 -363 
FECHA ENERO 5 DE 2004 

***** CDNSI&NACION ****$ 

DEPOSITANTE ITJPO PAGO BANCO CLIENIA No. PASO FECHA P60 Yr. PABU 

BRI6ARD &CASTRO LTDA CONSI6NACION BANCO POPULAR 050-00110-6 12688054 05/01/2004 29,049,000.00 

*4*4* C 0 N C E P T 0 *4*4* 

CANT. RENTISTICO CONCEPTO TOTAL CONCEPTO 

1 50005-01-09 OTROS SERVICIOS DE PROPIEDAD I 99 OTROS SERYCIOS ADMINISTRATIVOS 22,000.00 
TOTAL $ 22,000.00 

50th VEINTIDOS Nil PESOS 

RESPONSAE: 

RECIBO BE CAJA APLICADO AL EXPEDIENTE No.____________________________ 

ESTA CERTIFICACION DE EXCEDENTE DE PASO SOLO PODRA SER UTILIZADA 
COMO PARTE DE LA CANCELACION DE UNA TARIFA VIGENTE V NO PODRA SER 
SUSTITIJIDA POR NINGUN RECIBO. 





(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property Organization 
iu 

11110 11111 1111 IIIIIllI liii 100 111111001111 111110 lII1I 1I International Bureau 

(43) International Publication Date (10) International Publication Number 
23 January 2003 (23.01.2003) PCT WO 03/006064 Al 

(51) International Patent Classification: A6IK 47114, (74) Agents GILES, Allen, Frank et a].; Astrazeneca, Global 
47144,47110,31/565 Intellectual Property, Mereside, Alderley Park, Macdes. 

field, Cheshire SKID 4TG (GB). 

(21) International Application Number: PCT/GB02/03092 

(22) International Filing Date: 3 July 2002 (03.07.2002) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 
0116619.8 7 July 200l(07.07.2001) GB 
60/315,711 30 August 2001 (30.08.2001) US 

(71) Applicant (for all designated States except MG, US): AS. 
TRAZENECA AR [SE/SE]; S-151 85 Sodertalje (SE). 

(71) Applicant (for MG only): ASTRAZENECA 15K LIM-
ITED [GB/GB]; 15 Stanhope Gate, London WIY 6LN 
(GB). 

(72) Inventors; and 
(75) Inventors/Applicants (for US only): CAHILL, Julie, 

Kay [GB/GB]; Alderley Park, Macclesfield, Cheshire 
SKID 413 (GB). GELLERT, Paul, Richard [GB/GB]; 
Alderley Park, Macclesfield, Cheshire SKID 41(3 (GB). 
IRVING, Also, Marshall [GB/GB]; Alderley Park, 
Macclesfield, Cheshire SKID 4TG (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, Cl-I, CN, CO, CR, CU, 
CZ, DE, DE, DM, DZ, BC, EE, ES, H, GB, OD, GE, OH, 
GM, HR, Nil, ID, IL, IN, IS, JP, KB, KG, KR KR, KZ, LC, 
LK LR, LS, LT, LU, LV, MA, MD, MG, MX, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SE, SL, TJ, TM, TN, TR, TI, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZV 

(84) Designated States (regional): ARIPO patent (OH, GM, 
KB, LS, MW, MZ, SD, SL, SZ, rz, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CV, CZ, DE, DK, BE, 
ES, Fl, FR, GB, OR, JE, IT, LU, MC, NL, PT, SE, SE, 
TR), OAPI patent (BF, BJ, CE, CG, CI, CM, GA, ON, GQ, 
OW, ML, MR, NE, SN, TD, TO). 

Published: 
- with international search report 

before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes andAbbreviations" appearing at the begin-
ning of each regular issue of the PC?’ Gazette. 

(54) Title: PHARMACEUTICAL FORMULATION FOR THE INTRAMUSCULAR ADMINISTRATION OF FULVESTRANT 

(57) Abstract: The invention relates to a sustained release pharmaceutical formulation adapted for administration by injection con-
taming the compound fulvestrant, 7 a-[9-(4,4,5,5,5-pentafluoropentylsulphinyi)nonyljoestra-1,3,5(10)-lriene-3,17 Il-diol, at con-
centration of at least 100mg/mi in solution in a ridnoleate vehicle which additionally comprises at least one alcohol and anon-aque-
ous ester solvent which is miscible in the ricinoleate vehicle. 



I 



WO 03/006064 PCT/GB02/03092 -,\< 

PHARMACEUTICAL FORMULATION FOR THE INTRAMUSCULAR ADMINISTRATION 
OF FULVESTRANT 

The invention relates to a sustained release pharmaceutical formulation adapted for 

administration by injection containing the compound fulvestrant, 7a-[9-(4,4,5,55-

5 pentafluoropentylsuiphinyl)nonyl]oestra-1 ,3,5(1 0)-triene-3, 1 7f3-diol, at concentration of at 

least 100mg/mi 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 

10 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 

15 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, :127-206, 1984; May and 

Westley, 3 Biol Chem 262:15894-15899,1987). 

The potential for nonsteroidal antioestrogens to display agonistic properties prompted 

20 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 

uganda 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 

25 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 alkylsuiphinyl side chain in the 7cx 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 sulpbinyl)nonyljoestra- 1,3,5-(l  0)triene-

30 3,17f-dio1 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 
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7a-j9-(4,4,5,5,5-pentafluoropentylsulphinyl)nony’ 

promoted interest in the development of the drug 

dependent indications such as breast cancer and ce 

7a-[9-(4,4,5,5,5-Pentaf1uoropentylsulphin 

5 or ICI 182,780, has been allocated the intemationa 

used hereinafter. When referring to fulvestrant we 

thereof and any possible solvates of either thereof. 

Fulvestrant binds to ER, with an affinity si 

blocks the growth stimulatory action of oestradiol 

10 more potent and more effective than tamoxifen in 

the uterotrophic action of oestradiol in rats, mice 

uterotropbic activity of tamoxifen. 

Because fulvestrant has none of the 

characteristic of clinically available antioestrogens 

15 offer improved therapeutic activity characterised by 

tumour regression; a lower incidence or rate of dev 

reduction of tumour invasiveness. 

In intact adult rats, fulvestrant achieves 

)estra- 1,3-5(1 0)-triene-3, I 73-dio1 bay 

a therapeutic agent for oestrogen-

Lain benign gynaecological conditions. 

)nonyljoestra- 1,3-5(1 0)-triene-3, I 7-c 

non-proprietary name fulvestrant, whi 

nclude pharmaceutically-acceptable si 

which does not adversely affect bone density or lead 

20 also true in humans, these findings could be of 

density limits the duration of oestrogen-ablative trea 

not block hypothalamic ER. Oestrogen ablation also 

other menopausal symptoms; fulvestrant will not ew 

the blood-brain barrier. 

25 European Patent Application No. 0 138 504 

tr to that of oestradiol and completely 

human breast cancer cells in vitro; it i 

respect. Fulvestrant blocks 

monkeys, and also blocks the 

are effective antioestrogenic agents. The disclosure mi 

preparation of the steroid derivatives. In particular the: 

of the compound 7a49-(4,4,5,5,5-pentafluoropenty1su 

1,3,5(10)-triene-3,17j3-diol, which compound is specif 

30 disclosed that the compounds of that invention may be 

stimulatory activity that is 

as tamoxifen or toremifene, it may 

rapid, complete, or longer-lasting 

nt of resistance to treatment; and a 

regression of the uterus at a dose 

is 

increased gonadotrophin secretion. If 

importance clinically. Reduced bone 

nt for endometriosis. Fulvestrant does 

or exacerbates hot flushes and 

such effects because it does not cross 

that certain steroid derivatives 

ides information relating to the 

is the disclosure within Example 35 

named in Claim 4. It is also 

for use in the form of a 

pharmaceutical composition comprising a steroid derivative of the invention together with a 

p 
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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 physical 

properties which make formulation of these compounds difficult. Fulvestrant is a particularly 

5 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 

io 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 

15 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. 

411 

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 > 

Benzyl Alcohàl > 

As can be seen flulvestrant is significantly 

other oils tested. The greater solvating ability of 

and is attributed to the high number of bydroxy g 

5 constituent of the fatty acids within the triglyceri( 

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

Our earlier application PCT/GBO 1/00049, 

formulations at a most preferred concentration of 

formulation with a solubility up to 102 mg/mI - Si 

10 with 15 % weight of ethanol per volume of formu 

volume of formulation, 15 % weight of benzyl F 

ricinoleate vehicle. However there is a need for 

contain high concentrations of fulvestrant to fac.: 

or less frequent intervals. 

15 According to another aspect of the inventi 

formulation adapted for intramuscular injection co 

to % or more weight of a pharmaceutically accept 

vehicle, 5 % or more weight of a pharmaceutically 

volume of formulation vehicle and 5 % or more w 

20 formulation vehicle provided the formulation vehicl 

per volume of formulation vehicle and provided tha 

fulvestrant up to 102 mg/nil, 15 % weight of ethano 

weight of benzyl alcohol per volume of formulation 

per volume of formulation vehicle and 30 % or mon 

25 volume of formulation vehicle. 

A preferred pharmaceutical formulation ada 

comprising 105 mg/mi or more of fulvestrant, 10 % 

acceptable alcohol per volume of formulation vebici 

pharmaceutically acceptable non-aqueous ester 

30 5 % or more weight of ricinoleate excipient per 

formulation comprises at least 5 % weight of et 

soluble in castor oil than any of th 

tor oil for steroidal compounds is knovn 

ps of ricinoleic acid, which is the majr 

present in castor oil - see (Riffkin et.a. J. 

ro 01/51056, describes certain fulves ant 

mg/mi. This application disclosed on 

the last formulation in Table 3 thereof 

ion, 15 % weight of benzyl alcohol pe 

)ate per volume of formulation in a 

her formulations of fulvestrant that 

:e administration thereof at higher dose 

there is provided a pharmaceutical 

prising 100 mg/ml or more of fuIv 

alcohol per volume of formulation 

non-aqueous ester solvent 

,ht of ricinoleate excipient per volume 

comprises at least 5 % weight of etha4ol 

the following formulation is excluded: 

per volume of formulation vehicle, 15 

15 % weight of benzyl 

weight of ricinoleate excipient per 

for intramuscular injection is one 

more weight of a pharmaceutically 

5 % or more weight of a 

per volume of formulation vehicle 

of formulation vehicle provided the 

11 

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

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

vehicle. 

A more preferred pharmaceutical formulation adapted for intramuscular injection is 

one comprising 115 mg/nil or more of fulvestrant, 10 % or more weight of a pharmaceutically 

10 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. 

15 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 

20 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 

25 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 

30 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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formulation vehicle comprises at least 10 % 

vehicle. 

A more preferred pharmaceutical formu 

one comprising 150 mg/nil or more of fulvestra 

5 acceptable alcohol per volume of formulation v 

pharmaceutically acceptable non-aqueous ester 

5 % or more weight of ricinoleate excipient per 

formulation vehicle comprises at least 10 % we 

vehicle. 

10 Another aspect of the invention provide 

stated as having any minimum ethanol content 

described in the paragraph immediately above b 

for intramuscular injection is one comprising I 

weight of a pharmaceutically acceptable alcohol 

15 more weight of a pharmaceutically acceptable n 

formulation vehicle and 5 % or more weight of 

of ethanol per volume of 

n adapted for intramuscular injectioJ 

15 % or more weight of a pharmaceu 

1e, 17.5 % or more weight of a 

vent per volume of formulation vehic 

,ume of formulation vehicle provided 

of ethanol per volume of forrnulatio: 

fly of the formulations described herei 

rioved. For example, the formulation 

omes: a pharmaceutical formulation a 

mg/ml or more of fulvestrant, 15 % 03 

er volume of formulation vehicle, 17. 

L-aqueous ester solvent per volume of 

inoleate excipient per volume of 

formulation vehicle. 

According to another aspect of the invent on there is provided a pharmaceutical 

formulation having a solubility for fulvestrant of at least Y mg/ml adapted for intramusc 

20 injection comprising; 

100 mg/ml or more of fulvestrant; 

5% (wlv) or more castor oil per volume of formu1 ation vehicle; 

and at least the following amounts (% weight/vo me of formulation vehicle) of ethanol 

(ETOH), benzyl alcohol (BA), benzyl benzoate (iB) determined by the algorithm: 

25 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, BAs at least 5 and BB is at least 5. 

A preferred pharmaceutical formulation i one wherein Y is selected from the grc 

consisting of 105,110,115,120, 125,130, 135, 40, 145,150, 155, 160, 170, 180, 190, 

200. 

30 A more preferred pharmaceutical formul 

group consisting of 120, 125, 130, 135, 140, 14 

A more preferred pharmaceutical formul 

group consisting of 150, 155, 160, 170,180,19 

ion is one wherein Y is selected from t 

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

ion is one wherein Y is selected from t 

and 200. 

is 

-ally 

and 

% o 

and 
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A more preferred pharmaceutical formulation is one wherein .Y is selected from 150, 

PCT/GB02103092 

155, 160, 170, 180, 190 and 200 and the formulation comprises at least 1 5 0mg/mI of 

fulvestrant. 

A more preferred pharmaceutical formulation is one wherein Y is 200 and the 

5 formulation comprises at least 200mg/mi 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 

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 

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 

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 

human for at least 2 months. 

According to another aspect of the inventi 

formulation comprising fulvestrant at a concentra 

5 formulation is adapted for intra-muscular injectio 

injection of attaining a therapeutically significant 

human for at least 2 months. 

According to another aspect of the inventio 

formulation comprising fulvestrant at a concentrati 

10 formulation is adapted for intra-muscular injection 

injection of attaining a therapeutically significant b 

human for at least 2 months. 

According to another aspect of the inventio 

formulation comprising fulvestrant at a concentrati 

15 formulation is adapted for intra-muscular injection 

injection of attaining a therapeutically significant b 

human for at least 2 months. 

According to one aspect of the invention tb 

pharmaceutical formulations comprising about: 

20 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 5m1 of finished 

25 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 

30 500-700mg of fulvestrant for each 5m1 of finished: 

and the remaining amount as castor oil; 

iii) 

10% weight per volume of ethanol 

plasma fulvestrant concentration n a 

ri there is provided a pharmaceutical 

Dfl of at least 150 mg/nil in which the 

into a human and which is capable aft 

lood plasma fulvestrant concentration i a 

there is provided a pharmaceutical 

of at least 200 mg/ml in which the 

ito a human and which is capable af 

od plasma fulvestrant concentration 

there is provided a pharmaceutical 

i of at least 300 mg/ml in which the 

ito a human and which is capable after 

od plasma fulvestrant concentration in 

is provided any one of the following 

a 

S 
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20% weight per volume of benzyl alcohol 

5001a weight per volume of benzyl benzoate 

500-750mg of fulvestrant for each. 5m1 of finished formulation, 

and the remaining amount as castbr oil; 

Sly) 

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 5m1 of frnisbàd formulation 

10 and the remaining amount as castor oil; 

V) 

15% weight per volume of ethanol 

10% weight per volume of benzyl alcohol 

501/6 weight per volume of benzyl benzoate 

15 500-810 mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil; 

vi) 

15% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

20 50% weight per volume of benzyl benzoale. 

500mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil; 

vii) 

15% weight per volume of ethanol 

25 20% weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

500-630mg of fulvestrant for each 5m1 Of finished formulation 

and the remaining amount as castor oil; 

viii) 

30. 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 Sinl of finished formulation 
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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 

5 30% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil; 

X) 

15% weight per volume of ethanol 

10 10% weight per volume of benzyl alcohol 

50% weight per volume of benzyl benzoate 

750mg of fulvestrant for each Sml of finished 

and the remaining amount as castor oil; 

xi) 

15 9% weight per volume of ethanol 

19% weight per volume of benzyl alcohol 

47% weight per volume of benzyl benzoate 

7 00mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil; 

20 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 5m1 of finished 

25 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 

30 750mg of fulvestrant for each 5m.l of finished 

and the remaining amount as castor oil; 

xiv) 

9% weight per volume of ethanol 
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19% weight per volume of benzyl alcohol 

47% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished fonnulation, 

and the remaining amount as castor oil; 

5 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 5m1 of finished formulation 

10 and the remaining amount as castor oil; 

xvi) 

1411/o weight per volume of ethanol 

9% weight per volume of benzyl alcohol 

47% weight per volume of benzyl benzoate 

15 750mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil; 

xvii) 

14% weight per volume of ethanol 

190/6 weight per volume of benzyl alcohol 

20 47% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5rnI of finished formulation 

and the remaining amount as castor oil; 

xviii) 

10% weight per volume of ethanol 

25 20% weight per volume of benzyl alcohol 

45516 weight per volume of benzyl benzoate 

750mg of fulvestrant for each Smi of finished formulation 

and the remaining amount as castor oil; 

xix) 

30 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 5m1 of finished formulation 

L1 
PCTIGB02/03092 

.rc 
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and the remaining amount as castor oil; H 

xx) 

2011/o 

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 5m1 of finished fo ulati 

and the remaining amount as castor oil; 

xxi) 

10% weight per volume of ethanol 

10 30% weight per volume of benzyl alcohol 

25% weight per volume of benzyl benzoate 

750mg of fulvestrant for each Sinl of finished fo ulation 

and the remaining amount as castor oil; 

xxii) 

15 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 5m1 of finished form ation 

and the remaining amount as castor oil; 

� 2OxXiii) 

� 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 5m1 of finished form lation 

25 and the remaining amount as castor oil; 

xxiv) 

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 5inl of finished formu ation 

� and the remaining amount as castor oil; 

xxv) 

15% weight per volume of ethanol 
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25% weight per volume of benzyl alcohol 

25% weight per volume of benzyl benzoate 

750mg of fulvestrant for each Sml of finished formulationn,. 

and the remaining amount as castor oil; and 

5 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 5m1 of finished formulation 

10 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%, 

15 more preferably plus 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 (+1- %) Other components (+1- %) 

5 4,3,2orl 

4 
- 3,2orl 

3 2orl - 

2 1 

1? 

20 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: 

25 1) 

10% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 



15% weight per volume of benzyl benzoate 
- _ .._t.. ...I uu-mg w iuivesiram for eawi .niu of irnisn zuruiuJi* 

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 5m1 of finished orniulati 

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 

500-750mg of fulvestrant for each Sml of finished rmulati 

15 and the remaining amount as castor oil 

iv) 

20% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

300/c weight per volume of benzyl benzoate 

20 500-1 175mg of fulvestrant for each 5m1 of finished ormula 

and the remaining amount as castor oil 

V) 

15% weight per volume of ethanol 

bob weight per volume of benzyl alcohol 

25 50% weight per volume of benzyl benzoate 

500-810 mg of fulvestrant for each 5mb of finished frmulat 

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 5m1 of finished form ion 

and the remaining amount as castor oil 
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vii) 

15% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

309/6 weight per volume of benzyl benzoate 

5 500-630mg of flulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

viii) 

10% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

10 50% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

ix) 

20% weight per volume of ethanol 

15 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) 

20 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 5m1 of finished formulation 

and the remaining amount as castor oil. 

25 A preferred pharmaceutical formulation described herein is one wherein the 

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

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 paimitate or a mixture of any thereof. 

30 A preferred pharmaceutical fonnulation described herein is one wherein the 

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

A preferred pharmaceutical formulation described herein is one wherein the ricinoleate 

excipient is castor oil. 
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According to one aspect of the present invntion there is provided a pharmaceut 

formulation adapted for intramuscular injection cdrnprising 100 mg/ml or more of fulve 

10 % or more weight of a pharmaceutically accept ble alcohol per volume of pharmacei 

formulation, 5 % or more weight of a pharrnaceuti ally acceptable non-aqueous ester so 

5 per volume of pharmaceutical formulation and 5 ° or more weight of ricinoleate excipi 

volume of pharmaceutical formulation provided: 

a) the pharmaceutical formulation comprises t least 5 % weight of ethanol per vo 

of pharmaceutical formulation; 

b) if the pharmaceutically acceptable alcohol i less than or equal to 13%, then the 

10 pharmaceutical formulation must comprise at least0 % non-aqueous ester solvent; and 

c) if the pharmaceutically acceptable alcohol i greater than 20 % but less than or equ 

25 %, then the pharmaceutical formulation must c4prise at least 30 /0 non-aqueous ester 

solvent; 

and also provided that the following pharmaceutical 

15 102 mg/nil, 15 % weight of ethanol per volume of f 

alcohol per volume of formulation vehicle, 15 % wc 

formulation vehicle and 30 % or more weight of rici 

formulation vehicle. 

A preferred pharmaceutical formulation adaj 

20 comprising 100 mg/nil or more of fulvestrant, 20 % 

acceptable alcohol per volume of pharmaceutical fo: 

pharmaceutically acceptable non-aqueous ester solv 

formulation and S % or more weight of ricinoleate e 

formulation is excluded: fulvestrant 

vehicle, 15 % weight of 

of benzyl benzoate per volume of 

ate excipient per volume of 

for intramuscular injection is one 

more weight of a pharmaceutically 

ulation, 5 % or more weight of a 

per volume of pharmaceutical 

ipient per volume of pharmaceutical 

formulation provided: 

25 a) the pharmaceutical formulation comprises at east 10 % weight of ethanol per 

of pharmaceutical formulation; 

b) if the pharmaceutically acceptable alcohol is 

formulation must comprise at least 22.5 % non-aquc 

c) if the pharmaceutically acceptable alcohol is 

30 25 %, then the pharmaceutical formulation must cot 

solvent; 

and also provided that the following pharmaceutical 

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

then the pharmaceutical 

per 

ester solvent; and 

Lter than 20 % but less than or equal 

at least 15 % non-aqueous ester 

is excluded: f’ulvestrant up 

to 

to 

ion vehicle, 15 % weight of 



141 
WO 03/006064 PCT/GB02/03092 

-17-

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 

5 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: 

10 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 

15 or less of ethanol and in which the solubility of fulvestrant is at least 155mg/mi. 

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 

6m1 or less. 

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

20 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. 

25 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 

30 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 he in means the combination of all excip 

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

The distinction between pharmaceutical fo rnulation and formulation vehicle is 

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

5 excipient "A" is measured by its concentration in iormulation vehicle and then drug is acic 

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

concentration y in the finished pharmaceutical for4iulation. To convert a concentration 

expressed in terms of "formulation vehicle" into a oncentration of "finished pharmaceuti 

formulation" it is necessary to use a displacement value. 

10 The "displacement value" is defined as the amber of parts by weight of compoum 

that displaces one part by weight of the formulatio vehicle. The displacement value allo 

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

displacement value is used to calculate the actual c mposition of the finished formulation i 

terms of proportions of excipients. The density of be compound affects the amount of 

15 formulation vehicle required to make the pharmace tical formulation to the correct 

concentration. One part by weight of the compoun with a density equal to the formulatior 

vehicle will displace an equivalent volume of the formulation vehicle. A compound with 

twice the density of the formulation vehicle will dis ,lace half the volume. It is therefore 

necessary to make allowance for the compound in t rms of the particular formulation vehic 

20 using the displacement value 

For the avoidance of any doubt when using he term % weight per volume of 

formulation for the constituents of the formulation ’e mean that within a unit volume of th 

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

1% weight per volume formulation will contain wifiin a lOOml volume of formulation I  c 

25 the constituent. By way of further illustration 

I % of x by weight per volume of formulation weight of x in imi of formulation 

30% 300mg 

20% 200mg 

10% 100mg 

5% 50mg 

1% 10mg 

C 



WO 03/006064 ;PCT/0B02/03092 

17 
-19-

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, 

5 when a 5m1 dose is required it would be appreciated that an excess of up to 0.25m1, preferably 

up to 0.1 5m1 will also be present in the formulation. Typically the formulation will be 

presented in a vial or a prefihled syringe, preferably a prefihled 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 

10 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 

15 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 

20 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. 

25 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 pharmacopoeia! 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: 

30 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 vei 

is castor oil, ideally of pharmacopoeial standards, 

We have surprisingly found that the above 

intra-muscular injection, satisfactory release of ful 

5 We have found that despite the rapid elimi 

excipients, i.e. the alcohol and pharmaceutically-a 

the formulation vehicle and the site of injection aft 

release at therapeutically significant levels of fulve 

achieved by the formulation of the invention. 

10 By use of the term "extended release" we 

preferably at least 8 weeks of continuous release of 

feature extended release is achieved for at least 8 w 

least 12 weeks or 3 months. 

It will be understood that the attendant phys 

Is intramuscular injection as a divided dose, i.e. a 5m1 

in two separate injections of 2.5m1, this is a further 

Simply solubilising fulvestrant in an oil bas 

good release profile. 

Preferably 5m1 of the intramuscular injectic 

20 Additional excipients commonly used in the 

an antioxidant preservative, a colorant or a surfacta 

excipient is a surfactant, more preferably an antioxi 

le may be a synthetic oil or convenie 

described above. 

rmulations of the invention provide, 

strant over an extended period of tim 

’ion of the additional solubilising 

ptab1e non-aqueous ester solvent, fr 

injection of the formulation, extendc 

rant over an extended period can still 

at least 4 weeks, at least 5 weeks, 

restrant is achieved. In a preferred 

or 2 months, more preferably for 

an may wish to administer the 

rmulation is sequentially administe 

ture of the invention 

liquid formulation is not predictive 

is administered. 

)rmulation field including, for exa 

may be used. A preferred optional 

As described above fulvestrant is useful in t e treatment of oestrogen-dependent 

indications such as breast cancer and gynaecological conditions, such as endometriosis. 

25 In addition to fulvestrant another similartyp of molecule is currently under clinical 

investigation. SH-646 (11 -fluoro- 7cx-( 14,14,15,151 5-pentafluoro-6 

methyl-i O-thia-6-azapentadecyl)estra- 1,3,5(1 O)-trile-3, 1 7-diol) is also putatively a 

compound with the same mode of action as fulvest and has a very similar chemical 

structure. It is believed that the compound will alsare with fulvestrant similar physical 

30 properties and therefore the current invention will  have application with this compound 

Further features of the invention are those escribed above but in which SH-646 i 

substituted for fulvestrant. 

a 

C 
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which: 

The invention will now be illustrated by the following non-limiting Examples in 

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 cone (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 cone (ng/ml) and the x-axis 

is time (days); 

Figure 4 shows muscle residue data from 3 month PlC 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 
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Figure 7 shows plasma profiles obtained f 

rabbit weight, based on 3.2 kg rabbit) in w 

’xis istime’(das)’ 

Abbreviations - 

5 1M’- - intramuscular 

PK1 pharmacoidnetic 

AUC area under curve 

SD standard deviation 

10 Reference Enmek 1 

Measurement of Solubility of Fulvestrant in Pa 

1. Materials and Apparatus 

Balance’ ’ 

2 rnL glass vials with screw caps 

15 Magnetic stirrer bars : 

Temperature control reaction block with magnetic s 

Positive displacement pipette (PDP) 20-25 i.tL wi 

Polycarbonate ultracentrifuge tubes 

Ultracentrifuge 

20 Pipette 0.5 - 200 xL PDP with appropriate micro 

Pipette 200 IiL - I nL with appropriate plastic tips 

2 mL amber Snap Top glass HPLC vials 

I mm Snap Caps for HPLC vials 

HPLC kit with diode array detector 

25 ’Methanol (MeOH) HPLC Grade 

’Acetoritrile (ACN) Far UV HPLC Grade 

Ultrapure de-ionised water 

25 cm H5 ODS 5i.t 4.6 mm id. HPLC column 

Vortex mixer 

30 Ultrasonic bath 

20 200 iL pipette with appropriate plastic tips 

Aluminium weigh pans 5 inL glass volumetric flasks 

lIowin 

ich the 

rring 

apprp 

ige 

M injection (data normalised I or 

,-axis is cone (ng/inl) and the x. 

ate microsyringe tips 
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2. Experimental procedure 

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

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

5 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 

10 2.5 Using the PDP 20 - 200 p.L pipettor, 200 J.LL 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. 

15 2.7 990 j.tL HPLC eluent was added to 60 amber glass HPLC vials using a I mL Pipette. 

2.8 3 x 10 .iL of supernatant were removed from each ultracentrifuge tube using the Pipette 

PDP 0.5-25 i.tL pipette and added to the vials containing eluent. 

2.9 The samples were diluted again 1 in 10. 1 OOi.jl sample was added to 900111 HPLC eluent 

2.10 The amber vials were capped, vortex mixed for 10 seconds, sonicated for 10 minutes and 
20 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. 

25 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-1). 

3.3 0 - 250 gL 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 I mL Pipette 

30 as shown in the table below: 
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Volume Spiking 

Solution 

(AL) 

Volume HPLC 

cluent 

(AL)Honceutration 

fulvestrant 

Theoretical 

jtg.mL-1) 

0 1000 0 

5 995 10 

25 975 50 

50 
- 950 

- 100 

100 

150 

900 

850 

200 

- 300 

200 800 400 

250 750 500 

3.4 The HPLC vials were capped, vortexed for 10 

autosampler tray. 

5 3.5 A calibration was prepared (as per 3.1 - 3.4) for 

4. HPLC Conditions 

Eluent: 

Column: 

10 Detection wavelength: 

Flow rate: 

Temperature: 

Injection volume: 

Retention time: 

15 

70% MeOH / 22.5% 

25 cm 5p Flypersil C 

280 mu 

1.2 mLmin’ 

Ambient 

50 i.tL 

12 minutes al,proxirr 

Example 1 

Pharmaceutical Formulations 

Fulvestrant is mixed with ethanol and benzyl 

dissolved. Benzyl benzoate is added and the solutio 

20 and stirred, (for convenience weight is used rather di 

and placed on the HPLC 

batches of ICI 182780. 

ater/7.5%ACN 

4.6 mm i.d. with guard column 

Icohol, stirring until completely 

is made to final weight with castor oil 

ri volume by using the weight to volur 

n 
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ratio). The bulk solution is overlaid with nitrogen. The solution is sterilised by filtration iisin 

one or two filters of 0.2prn 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 

5 facilitate removal of the dose volume The primary packs are overlaid with sterile nitrogen, 

before aseptióally 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 

10 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 

15 500mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

b) 

10% weight per volume of ethanol 

20% weight per volume of benzyl. alcohol 

20 30% weight per volume of benzyl benzoate 

500mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

C) 

10% weight per volume of ethanol 

25 20% weight per volume of benzyl alcohol 

50% weight per volume of benzyl benzoate 

500mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

d) 

30 200/6 weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 



1. 

 WO 03/066664 PCT/GB02I03092 

- 26-

500mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil 

e) 

15% weight per volume of ethanol 

5 10% weight per volume of benzyl alcohol 

50% weight per volume of benzyl benzoate 

500mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil 

f) 

10 15% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

5 00mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil 

15 
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FLOW DIAGRAM OF MANUFACTURING FLOW

Ingredients/Components Process 

PuIvestrant STAGE I: DISSOLUTION OF 
Alcohol �*� ACTIVE AGENT 
Beozyl Alcohol 

BenzylBenzaate STAGE 2: MIX 

STAGE 3: MAKE TO 
Castor Oil WEIGHT 

* 

STAGE 4: STERILE FILTRATION 
(O.2iim) 
INTO BULK RECEIVING VESSEL 

* 

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

STAG 6: ASEPTIC FILLING, 
AND STOPPERING 

STAG 7: VISUAL 
INSPECTION 
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Example 2. 

Stability ’studies to 4 months for selection of stab 

formulations 

PCT/GB02/03092 

e 100mg/mi Pharmaceutical 

Formulation No. Fulvestràn - 96% 
EtOH 

Benzyl 
Alcohol 

Benzyl 
Benzoate 

Castor oil Observatio: s 
 (visual) 

(g/n) % w/v 
- % 

w/v 
% 

w/v % w/v 4 months 
Sample 1 100 5 - 10 15 tol 00% Precipitate 
Sample 2 100 5 10 

. 30 to 100% Precipitatei 
Sample 3 100. 7.5 10 15 to 100% Precipitatei 
Sample 4 100 7.5 _10 30 to 100% Precipitate 
Sample 5- _100_ 10 iS to 100% Precipitatei 
Sample 6- 100 

_1_ 
10 10 17.5 to 100% Precipitate 

Sample 7_- 100- 10 20 to 100% Precipitate 
Sample8 100- 

_10_ 
10 10 22.5 to 100% .Solution 

Sample 9 100_ 10- 25- to 100% Solution 
Sample 10100 10- 

-_10 
10. 27.5 to 100% Solution 

S2nple11- 100 10 10 
- 

to 100% 
Sample12 100 10 10 

-30 
to 100% 

-Solution 
Solution 

Sample 13  100 -10 
-40 

50 to 100% Solution 
Sample 14 100 

_10  
15 15 to 100% Solution 

Sample15 100 
_1_ 

10 15 30- to 100% Solution 
Sample16 100 

- 

15 40_ to 100% Solution 
Sample 17 100 

_10  
15 50 to 100% Solution 

Sample 18 
_1_ - 

20 -15- to 100% Solution 
Sample 19 

_100 
100 

_10_ 
20- - 30 to100% Solution 

Sanple 20 100 
_19  

10 20- 40-- to 100% Solution 
Sample 21 100 10. 20 50 to 100% Solution 
Sample 22- 100 15 10 15- to100% Solution 
Sample 23 100_ 15 10 30, to100% Solution 
Sample 24 100 15 10 40 to100% 

- 

Solution 
Sample 25 

- 

100 15 10 50 to100% Solution 
Sample 26- 100 20 5 15_ to100% Solution 
Sample 27 20 5 30 to100% Solution 
Sample 28, 

_100 
100 20 10 15 to100% Solution 

ample 29 20 10- 30 to100% Solution 
ample 30- 

_100 
100 20 10 

- 

40 to100% Solution 
Sample 31 100 20 10 50 to100% Solution 
Sample 32 15 

- 

15 is to100% Solution 
ample 33 

_100 
100 15 15- 30- to100% ..Solution 

Sample 34 100 15 iS 40 to100% Solution 
Sample 35100 15, 15_ 50 to 100% Solution 
Samjle36 100 15 20- to 100% Solution 
Sample 37 100- - 15 20 

-15 
30 to 100% Solution 

Sample 38 100 15 20 50 to 100% Solution 
Sample 39 100 20 20 15- to 100% Solution 

S 
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Sample 40 
- 100 20 - 20 30 to 100% Solution 

ontrol Sample - 5216 10 10 15 60 Solution 

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

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

with castor oil. 

5 

Example 3 

Pharmaceutical formulations selected for in vivo deposition and in vitro precipitation 

studies 

The Dharmaceutical formulations below were selected from Examnle 2 for further stud’v. 
Formulation Fulvestrant 95% ETOH Benzyl Alcohol Benzyl Benzoate Castor oil 

% 

w/v 

- 

%w/v %w/v %w/v 
% 

wlv 

Sample 1 10 10 10 30 to 100% 

Sample 2 - 10 10 - - 10 50 to 100% 

Sample   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   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% 

10 
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 cx: 

sample under conditions where evaporation of 

Example 4 

5 In vivo Studies 

Pharmaceutical formulations identified for fu 
Excipients 

No. Fulvestrant. (%w/v) Ethanol Bet 

10 F1 10 10 20 
F2 10 10 20 
F’3 10 10 20 
F4 10 20 20 
F5 10 15 10 

15F6 10 15 20 
F7 10 15 20 
Control 5 10 10 

(a) An in vivo pharmacokinetic (PlC) study on 

20 performed over 3 months duration; results 

Analysis of PK results 

Plasma levels were more variable than Con 

similar to control thereafter. After 2 months, drug: 

25 month indicating a prolonged period of action over 

surprising because, compared with Control which c 

precipitation at the site of injection of the tested foi 

release profile. 

Some differences in profiles were noted ovc 

30 divided into 2 groups (with Formulation F7 showii, 

Group A, rapid release early time points (50% Ben 

see figure 2A 

Group B, lower release, flatter profile (5 30% 

see figure 2B 

35 

involved visual inspection of 

led to precipitation of drug. 

r in vivo evaluation 
wlv) 

Benzyl Castor 

15 
30 
50 
30 
50 
50 
30 
15 

45 
30 
10 
20 
15 
5 
25 
60 

ese 7 pharmaceutical formulations 

shown in Figures 1,2 and 3. 

over the first 30 days; variability w 

Js were equivalent to Control at I 

itrol. This release profile was 

not precipitate drug locally, local 

tations was expected to impair their 

the first 30 days such that they were 

intermediate behaviour). 

benzoate and low castor oil :5 15%) 

I benzoate and higher castor oil ?: 20%)I-
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(b) Histopathology 

Local tolerance was assessed to TM injection of the 7 pharmaceutical formulations and 

Control. Lesions were observed over a 51 day period. All pharmaceutical formulations 

5 caused tissue reactions greater than Control. 

(c) Plasma levels for 100mg dose at critical time points (ug/mi) 

Form. Dose - Time point (days 

10_ (rng) 28 - 56 84 
1 100 8.7 4.6 3.5 
2 100 8.0 3.6 2.6 
3 100 9.4 3.5 2.0 
4 100 7.7 5.0 3.4 

15 5 100 9.1 4.5 2.6 
6 100 9.9 3.3 1.9 
7 100 9.9 5.5 3.2 
Control 50 3.3 1.7 

20 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) 

25 6days 

Fl 111 

P2 140 

F3 175 

F4 235 

30 F5 162 

P6 212 

F7 126 

35 
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Example 5 

Model for Fulvestrant Solubility 

Formulation vehicles for Fulvestrant - 

Formulation 

No. 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample 6 
Sample 7 
Sample 8 
Sample 9 
Sample 10 
Sample 11 
Sample 12 
Sample 13 
Sample 14 
Sample 15 

5 

- 32 -

96% Beuzyl Alcohol Benzyl Be 
ETOIf 
%w/v %w/v %w/) 

5 5 
5 5 15 
10 5 0 
10 5 15 
10 10 0 
10 10 15 
15 15 0 
15 15 15 
11 22 17 
11 22 33 
11 22 56 
22 22 33 
17 11 56 
17 22 56 
17 22 33 

A linear regression model was fitted to solubility da 

variables the % ethanol, benzyl alcohol and benzyl b 

following model was obtained which had an R-Squa 

SOLUBILITY = -29.77 + 5.44 x ETOJI + 2.38 x B 

10 Benzyl alcohol BA, benzyl benzoate = BB, Ethan 

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 85.4 109.8 134.1 
126 149 166.1 183.1 

gate Castor oil 

% w/v 

Measured 
Fulvestrant 
Solubility 

(mr/mi)(mg/mi) 

Predicted 
solubility 

- 

to 100% 27 9.4 
to 1000/0 36 32.8 
to 100% 46 48.5 
to 100% 54 36.6 
to 100% 45 60.1 
to 100% 65 72 
to 100% 76 87.6 
to 100% 102 111.1 
to 100% lii 109.8 
to 100% 140 166.1 
to 100% 175 135.8 
to 100% 235 174.4 
to 100% 162 170.6 
to 100% 212 200.9 
to 100% 126 196.3 

h from 15 samples using as indepe 

fnzoate levels in the formulations. 

¶ed value of 93.2%: 

+ 1.57 x BB 

= ETOH. 
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140 114.2 135.8 157.5 
162 142.5 174.4 206,3 
175 143.4 170.6 197.9 
212 179.6 200.9 222.2 
235 168.7 196.3 224 

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 

Formulation Fulvestrant 95% Benzyl Alcohol Benzyl Benzoate Castor oil Observations solubilit) 

No. (Mg/Ml) 

ETOH 
% 

w/v 
% 

w/v % w/v % w/v 4 months (ing/mi) 

Sample 1 100 5 10 15 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 17.5 52.5 Precipitated 87.6 

Sample 7 100 10 10 20 50 Precipitated 92.0 

Sample 8 100 10 10 22.5 47.5 Solution 96.4 
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 iS 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 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 too 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 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 too 15 20 50 5 Solution 201.0 



PCT/G1302/03092 Wó 03/006064 

-34-

Sample 39 100 20 20 
Sample 40 100 20 20 

Control Sample 52.16 10 10 
IFaslodex] 

15 35 Solution 170,2 
30 20 Solution 196.3 

15 60 Solution 72.0 

The Tables below show predicted formulations for arious solubilities of fulvestrant; wher 

an "X" means in solution. Note that the Tables incIide some impractical formulations whe e 

5 the sum of components becomes greater than l00% The principal purpose is to illustrate e 

wide combinations of ethanol/ benzyt alcohol I be n44 benzoate taught by the invention to 

achieve different solubilities of fulvestrant. 

C 

W., 
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ExampleExample 6 

In-vivo Pharniacokinetic study using compositions at 140mg/mi of fulvestrant 

Formulations F3 and F6 as described in Example 4 were modified to contain an 

increased level of fulvestrant to 140mg/mi. The modified formulations were named F8 and 

5 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. (%w/v) (%w/v) alcohol Benzoate (%w/v) 

(%w/v) (%w/v) 

F8 14 9 19 47 To 100% 

F9 14 14 19 48 To 100% 

10 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. 

15 Example 7 

Compositions at 150mg/mi fulvestrant 

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

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

Formulation 

No. 

Fulvestrant 

(%w/v) 

Ethanol 96% 

(%w/v) 

Benzyl 

alcohol 

(%w/v) 

Benzyl 

Benzoate 

(%w/v) 

Castor Oil 

(%w/v) 

FlO 15 10 20 50 To 100% 

FIl 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 14 9 - 47 
- To 100% 

F17 15 14 19 47 To 100% 

F18 15 - 10 20 45 TO 100% 

F19 15 15 10 45 To 100% 

F20 15 20 - 

- 

20 25 To 100% 

F21 15 10 30 25 To 100% 

F22 15 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% 

S 
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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 % weight of ethanol 

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

vehicle, 15 % weight of benzyi benzoate per volume of formulation vehicle 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 I 

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 4f ethanol per volume of formulation 

vehicle. 

5. A pharmaceutical formulation adapted for i 

comprising 120 mg/ml or more of fulvestrant, 10 

acceptable alcohol per volume of formulation vehi 

pharmaceutically acceptable non-aqueous ester sol 

5 % or more weight of ricinoleate excipient per vo 

formulation vehicle comprises at least 5 % weight 

vehicle. 

6. A pharmaceutical formulation adapted for i 

comprising 130 mg/mi or more of fulvestrant, 15 % 

acceptable alcohol per volume of formulation vehic 

pharmaceutically acceptable non-aqueous ester so 

5 % or more weight of ricinoleate excipient per vc 

formulation vehicle comprises at least 5 % weight 

vehicle. 

7. A pharmaceutical formulation adapted for i 

comprising 140 mg/ml or more of flilvestrant, 15 % 

acceptable alcohol per volume of formulation vehic 

pharmaceutically acceptable non-aqueous ester sol 

5 % or more weight of ricinoleate excipient per voF 

formulation vehicle comprises at least 10 % weight 

vehicle. 

8. A pharmaceutical formulation adapted for 

comprising 150 mg/ml or more of fulvestrant, 15 % 

acceptable alcohol per volume of formulation vehic 

pharmaceutically acceptable non-aqueous ester 

5 % or more weight of ricinoleate excipient per 

tramuscular injection according to cia 

or more weight of a pharmaceutically 

e, S % or more weight of a 

nt per volume of formulation vehicle 

me of formulation vehicle provided ti 

ethanol per volume of formulation 

muscular injection according to cia 

more weight of a pharmaceutically 

5 % or more weight of   

per volume of formulation vehicle 

of formulation vehicle provided the 

ethanol per volume of formulation 

muscular injection according to cia 

more weight of a pharmaceutically 

12.5 % or more weight of a 

per volume of formulation vehicle 

of formulation vehicle provided the 

ethanol per volume of formulation 

muscular injection according to claim 

more weight of a pharmaceutically 

17.5 % or more weight of a 

per volume of formulation vehicle ar 

of formulation vehicle provided the 

1 

I 

I 

S 
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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/mi 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 

(ETOI), 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 whereinY is selected from the 

group consisting of 105,110,115,120,125,130,135,140,145,150,155,160,170,180:1 

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 150mgfml of 

fulvestrant. 

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

formulation comprises at least 200mg/mi of fulvestrant. 

I! 

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 n 

formulation vehicle, 15 % weight of benzyl aicc 

PCT/GB02/03092 

15 % weight of ethanol per volume 

per volume of formulation vehicle, 15 

weight of benzyl benzoate per volume of formu1atin vehicle and 30 % or more weight of 

ricinoleate exeipient per volume of formulation vclic1e. 

16. A pharmaceutical formulation comprising 

mg/ml in which the formulation is adapted for int 

which is capable after injection of attaining a ther 

fulvestrant concentration in a human for at least 2 

17. Any one of the following pharmaceutical 

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 5m1 of finished 

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 5m1 of finished I 

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 5m1 of finished 

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 

vestrant at a concentration of at least 150 

injection into a human and 

significant blood plasma 

comprising about: 
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500-1175mg of fulvestrant for each 5m1 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 

500-810mg of fulvestrant for each 5m1 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 5m1 of finished formulation 

and the remaining amount as castor oil; 

vii) 

15% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

500-630mg of fulvestrant for each 5m1 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 5m1 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 5m1 of finished formulation 

and the remaining amount as castor oil; 
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x) 

15% weight per volume of ethanol 

10% weight per volume of benzyl alcohol 

50% weight per volume :ofbenzyl benzoate 

750mg of fulvestrant for each 5inl: of finished form 

and the remaining amount as castor oil; 

Xi) H 

9% weight per volume of ethanol 

.19% weight per, volume of benzyl alcohol 

47% weight per volume of beuzyl benzoate 

700mg of fulvestrant for each 5m1 of finished form 

and the remaining amount as castor oil; 

xii) 

140/6 weight per volume of ethanol 

19% weight per volume of benzyl alcohol 

48% weight per volume of benzyl benzoate 

700mg of fulvestrant for each 5m1 of finished form 

and the remaining amount as castor oil; 

xiii) 

15% weight per volume of ethanol. 

200/6 weight per volume of benzyl alcohol 

.45% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5rn1 of finished form 

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 Smi of finished formi 

and the remaining amount as castor oil; 

xv) 

19% weight per volume of ethanol 

19% weight per volume of benzyl alcohol 

aÜar 
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28% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil; 

14% weight per volume of ethanol 

9% weight per volume of benzyl alcohol 

.47% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 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 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 5m1 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 5m1 of finished formulation 

and the remaining amount as castor oil; 

20% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

25% weight per Volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished formulation 

and the .remaining amount as castor oil; 
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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 5m.l of finished forn 

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 5rn1 of finished forn 

and the remaining amount as castor oil; 

xxiii) 

10% weight per volume of ethanol 

3(r  weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

750mg.of.fulvestrant for each Sml of finished forn 

and the remaining amount as castor oil;. 

xxiv) 

15% weight per volume of ethanol. 

25% 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; 

xxv) 

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 Sml of finished fort 

and the remaining amount as castor oil; and 

15% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

ion 

ion 
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30% weight per volume of benzyl benzoate 

750mg of fulvesi.mnt for each 5m1 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 6m1 or less. 

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

preceding claim for use in medical therapy. 

24. Use of flulvestrant 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 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. 
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FORMULACION FARMACEUTICA PARA ADMINISTRACION INTRAMUSCULAR 

DE FULVESTRANT 

La invenciOn se relaciona con la IiberaciOn sostenida de uria formulaciOn 

farmacØutica adaptada para administración por inyección que contiene el 

compuesto fulvestrant, 7a-[9-(4,4, 5, 5,5-pentafluoropentilsulfinll)nonil]oestra-

I ,3,5(10)-tiien-3, I 7J3-diol, en concenti-ación de al menos 100 mg/ml en solución 

en un vehIculo de ricinoleato et cual adicionatmente comprencie al menos un 

alcohol y un ester solvente no acuoso el cual es miscible en el vehiculo de 

ricinoleato. 

La privación de estrógeno es fundamental al tratamiento de muchas enfermedades 

benignas y malignas del seno y el tracto reproductivo. En mujeres 

premenopÆuslcas, esto se logra por ablación de  la funciôn ovÆrica por medios 

quirtrgicos, redioterapØuticos, u otros medios medicos, y, en mujeres. 

posmenopÆusicas, por el uso de inhibidores de aromatasa. 

Una aproximación alternativa a la remoción de estrógeno es antagonizar el 

estrOgeno con antiestrógenos. Estas son drogas qua se unen a y compiten par los 

receptores de estrógeno (ER) presentes en at nücleo del tejido que responde at 

estrOgeno. Los antiestrôgenos no esteroidales convencionales, tal coma el 

tamoxifeno, compiten eficientemente para unirse a los ER pero su efectividad es a 

veces limitada por el agonismo que exhiben, to cual resulta en un blóqueo 

incompleto de la actividad mediada por el estrógeno (Furr & Jordan, Farmacologia 

y TerapØutica, : 127-206, 1984; May y Westley, J Biol Chem : 15894-15899, 

1987). 





El potencial de los antiestrógenos no esteroidales para exhibir propiedades 

agonIsticas impulsaron la büsqueda de compuestos novedosos que se unieran a 

los ER con elevada afinidad sin activar ninguna de las respuestas normales de 

trascriciOn de la hormona y Is consecuente manifestación de estrógenos. Tales 

molØculas serIan antiestrógenos "puros", claramente diferenciados de los ligandos 

del tipo tamoxifeno y capaces de producir como respuesta la ablac,ón total de los 

efectos tróficos  del estrOgeno. Tales compuestos son denominados como 

Reguladores Depresivos de los Receptores de Estrógeno (E. R. D.). El 

fundamento para el diseæo y la prueba de antiestrOgenos puros novedosos ha sido 

descrita en: Bowler y colaboradores 1989, Wakeling 1990a, 1990b, 1990c. 

Wakeling y Bowler 1987, 1988. 

Los anÆlogos esteroidales del estradiol, con una cadena lateral de aiquilsulfinil en 

la posicion 7a, proporcionaron los primeros ejemplos de compuestos desprovistos 

de actividad estrogØnica (Bowler y colaboradores 1989). Uno de estos, 7a-[9-

(4,4,5,5, 5-pentafluoropentflsulfinll)nonhl]oestra-1 ,3,5(1 0)-trien-3, I 7J3-diol fue 

seleccionado para un estudio intensivo sobre Ia base do su actividad de 

antagonista puro del estrOgeno y su potencia antiestrogØnica aumentada por sobre 

otros antiestrógenos disponibles. Los hallazgos in vitro y la expenencia clInics 

temprana con 7ct-[9-(4,4, 5,5, 5-pentafluoropentilsulfinll)nonil]oestra-1, 3,5(1 0)-trien-

3,17-diol han fomentado el interØs en el desarrollo de la droga como agente 

terapØutico para indicaciones dependientes del estrOgeno tales como el cancer do 

seno y ciertas condiciones ginecolOgicas benignas. 

Al 7a-[9-(4,4,5, 5, 5-pentafluoropentilsulfini l)nonil]oestra-1 ,3,5(1 0)-trien-3, I 73-diol 0 

ICI 182,780 le ha sido asignado el nombre no propietario intemacional do 

fulvestrant, el cual serÆ usado de aqul en adelante. Cuando nos refenmos al 





fulvestrant incluimos sales farmacØuticamente 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 acciOn estimulante del estradiol en las cØlulas 

de cancer de seno humanas in vitro; es mØs potente y mÆs efectivo qua el 

tamoxifeno a Øste respecto. El Fulvestrant bloquea completamente la acción 

uterotrOfica del estradiol en ratas, ratones y monos, y tambiØri bloquea la actividad 

uterotrôfica del tamoxifeno. 

Debido a que el fulvestrant no tiene ninguna actividad estimulante del tipo de 

estrOgeno que es caracterIstica de los antiestrógenos clInicamente disponibles 

tales como el tamoxifeno o el toremifeno, puede ofrecer una actividad terapØutica 

mejorada caracterizada por una regresiOn del tumor mÆs rÆpida, completa y de 

larga duraciôn; una menor incidencia o tasa de desarrollo de resistencia al 

tratamiento; y una reducción de la invasividad del tumor. 

En ratas adultas intactas, el fulvestrant logra una regresión maxima del Otero  a una 

dosis que no afecta adversamente la densidad ósea o Ileva a una secreción 

aumentada de gonadotropina. De ser tamblØn cierto en humanos, estos hallazgos 

podrIan ser de una importancia cimnica extrema. La densidad ósea reducida limita 

la duraciOn del tratamiento ablativo de estrOgeno para la endometriosis. El 

fulvestrant no bloquea los ER del hipotÆlamo. La ablación del estrógeno tambiØn 

ocasiona o exacerba las olas de calor y otros sIntomas de la menopausia; el 

fulvestrant no causarâ 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 divulgación incluye 

información relacionada con la preparación de los denvados de los esteroides. En 

particular hay una divulgación dentro del ejemplo 35 del compuesto a-[9-

(4,4,5,5, 5-pentafluoropentilsulfinil)nonhl]oestra-1 ,3,5(1 0)-trien-3, I 7f3-diol, dicho 

compuesto es nombrado especIficamente en la reivindicaciOn 4. TambiØn se 

divulga que los compuestos de esa invenciOn pueden ser proporcionados para su 

uso en forma de una composición farmacØutica que comprende un derivado de los 

esteroides de la invenciOn junto con un diluyente o portador farmacóuticamente 

aceptable. Se afirma aIR mismo que la composición puede estar en una forma 

apropiada para la administración oral o parenteral. 

El fulvestrant muestra, junto con otros compuestos basados en los esteroides, 

ciertas propiedades fisicas que hacen difIcil la formulaciôn de estos compuestos. 

El fulvestrant es una molØcula particularmente lipofIlica, incluso cuando se 

compara con otros compuestos de esteroides, y su solubHidad acuosa es 

extremadamente baja en cerca de 10 ng.mr1 ( esto es un estimativo de una 

mezola de soluto agua/solvente ya que mediciones tan bajas no se pueden lograr 

en un soluto de solo agua). 

Actualmente hay un nümero  de formulaciones de esteroides de liberación 

sostenida que han sido comercializadas. Comünmente estas formulaciones usan 

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

En US 5,183,418 ejemplo 3 se describe una formufaciOn de una inyecciOn basada 

en aceite de fulvestrant que comprende 50mg de fulvestrant, 400mg de bencil 

alcohol y suficiente aceite de castor para Ilevar la solución a un volumen de I ml. 

La manufacture a escala comercial de una formuiación como la descrita en US. 
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5,183,814 serIa complicada debido a la elevada concentración de alcohol. Por lo 

tanto, hay uria r,ecesidad de reducir la concentración de alcohol en formulaciones 

de fulvestrant mientras se previene la precipitación del fulvestrant de la 

formulaciOn. 

La Tabla a continuaciOn muestra la solubilidad del fulvestrant en un nümero de 

diferentes solventes. 

SOLUBILIDAD DEL FULVESTRANT 

SOLVENTE 

Agua 0.001 

Aceite de Araquis 0.45 

Aceite de SØsamo 0.58 

Aceite de Castor 20 

Migloyl 810 3.06 

Migloyl 812 2.72 

Etiloleato 1.25 

Bencilbenzoato 6.15 

Isopropilmiristato 0.80 

Span 85 (tensoactivo) 3.79 

Etanol >200 

Bendilalcohol >200 

SOLUBILIDAD 

(mgmr1 a 25°C) 

Como se puede ver el fulvestrant es sign ificativamente mÆs soluble en aceite de 

castor que en cualquiera de los demÆs aceites probados. La mayor habilidad de 
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I soivatación del aceite de castor para compuestos de esteroides es sabida y 

atribuida al elevado nümero de grupos hidroxilo del Æcido ricinolØico, el cual es un 

constituyente principal de los Æcidos grasos dentro de los trigliceridos presentes en 

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

Nuestra solicitud anterior PCT/GB0I/00049, WO 01/51056, describe ciertas 

formulaciones de fulvestrant a Pa concentración mÆs preferida de 50mg/mi. Esta 

solicitud divulgó una formulación con una solubilidad de hasta 102 mg/ml - ver la 

ültima formulación en  la Tabla 3 de la misma con 15% en peso de etanol por 

volumen de formulación, 15% en peso de bencilalqohol por volumen de 

formulación, 15% en peso de bencilbenzoato por volumen de formulación en un 

vehIculo de ricinoleato. Aun asi hay una necesidad para mÆs formulaciones con 

fulvestrant que contengan elevadas concentraciones de fulvestrant para facilitar la 

administración posterior del mismo a dosis mÆs elevadas o intervaios menos 

frecuentes. 

De acuerdo con otro aspecto de la invención se ha proporcionado una formulación 

farrnacØutica adaptada para inyeccion intramuscular que comprende 100 mg/ml o 

mÆs de fulvestrant, 10% o mÆs en peso de un alcohol farmacØuticamente 

aceptable por volumen de vehIculo de formuiación, 5% o mÆs en peso de un ester 

solvente no acuoso por volumen de vehIculo de formulación siempre que el 

vehIculo de formuiación comprenda al menos 5% en peso de etanol por volumen 

de vehIculo de formulación y siempre que se excluya Pa siguiente formufación: 

fulvestrant hasta 102 mg/ml, 15% en peso de etanol por volumen de vehIculo de 

formulación, 15% en peso de bencilalcohol par volumen de vehIculo de 

formuiación, 15% en peso de bencilbenzoato por volumen de vehIculo de 

formulaciOn y 30% o mØs en peso de excipiente ricinoleato por volumen de 

formulaciOn. 





Una formulación farmacØutica preferida adaptada para inyecciOn intramuscular es 

una que comprende 105 mg/ml o mÆs de fulvestrant, 10% o mÆs en peso de un 

alcohol farmacØuticamente aceptable por volumen de vehiculo de forrnulación, 5% 

o mÆs en peso de un ester solvente no acuoso farmacØuticamente aceptable por 

volumen de vehIculo de formulación y 5% o mÆs en peso de excipiente ricinoleato 

por volumen de vehiculo de formulación siempre que la formulación comprenda al 

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

Una formulación farmacØutica mÆs preferida adaptada para inyección 

intramuscular es una qua comprende 110 mg/ml o mÆs de fulvestrant, 10% o mÆs 

en peso de un alcohol farmacØuticamente aceptable por volumen de vehIculo de 

formulación, 5% o mÆs en peso de un ester solvente no acuoso 

farmacØuticamente aceptable por volumen de vehiculo de formulación y 5% o mÆs 

en peso de excipiente ricinoleato por volumen de vehIculo de formulación siempre 

que el vehIculo de formulación comprenda al menos 5% en peso de etanol por 

volumen de vehIculo de formulación. 

Una formulaciOn farmacØutica mÆs preferida adaptada para inyección 

intramuscular es la que comprende 115 mg/rn I o mÆs de fulvestrant, 10% o mÆs en 

peso de un alcohol farmacØuticamente aceptable por volumen de vehIculo de 

formulación, 5% o mÆs en peso de un ester solvente no acuoso 

farmacØuticamente aceptable por volumen de vehIculo de formulación y 5% o mÆs 

en peso de excipiente ricinoleato por volumen de vehIculo de formulación siempre 

que el vehIculo de formulaciOn comprenda al menos 5% en peso de etanol por 

volumen de vehIculo de formulación. 
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Una formulación farmacØutica mÆs preferida adaptada para inyecciO: 

intramuscular es la que comprende 120 mg/ml o mae de fulvestrant, 10% a mÆs en 

peso de un alcohol farmacØuticamente aceptable por volumen de vehiculo de 

formulación, 5% o mÆs en peso de un ester solvente no acuoso 

farmacØuticamente aceptable por volumen de vehIculo de formulac,ón y 5% o mÆs 

en peso de excipiente ricinoleato por volumen de vehIculo de formulación siempre 

que el vehIculo de formulación comprenda al menos 5% en peso de etanol par 

volumen de vehIculo de formulación. 

Una formulación farrnacØutica mae preferida adaptada para inyección 

intramuscular es la que comprende 130 mg/mI o rnÆs de fulvestrant, 10% a mÆs en 

peso de un alcohol farmacØuticamente aceptable por volumen de vehIculo de 

forrnulación, 5% o mÆs en peso de un ester solvente no acuoso 

farmacØuticamente aceptable par volumen de vehIculo de formulación y 5% o mÆs 

en peso de excipiente ricinoleato por volumen de vehIculo de formulación siempre 

que el vehIculo de formulaciôn comprenda al menos 5% en peso de etanol por 

volumen de vehIculo de formulación. 

Una formulación farmacØutica mÆs preferida adaptada para inyección 

intramuscular es la que comprende 140 mg/ml a mÆs de fulvestrant, 15% a mae en 

peso de un alcohol farmacØuticamente aceptable por volumen de vehIculo de 

formulación, 12.5% o rnÆs on peso de un ester solvente no acuoso 

farmacØuticamente aceptable por volumen de vehIculo de formulación y 5% a mÆs 

en peso de excipiente ricinoleato par volumen de vehiculo de formulación siempre 

que el vehIculo de forrnulación comprenda al menos 10% en peso de etanol par 

volumen de vehIculo de formulación. 
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I Una formulaciOn farmacØutica mÆs preferida adaptada para inyecciOn 

intramuscular es la quo comprende 150 mg/ml o mÆs de fulvestrant, 15% a mÆs en 

peso de ui-i alcohol farmacØuticamente aceptable por volumen de vehIculo do 

formulación, 17.5% o mÆs en peso de un ester solvente no acuoso 

farmacØuticamente aceptable por volumen do vehIculo de formulaciOn y 5% o mÆs 

en peso do excipiente ricinoleato por volumen do vehIculo de formulación siempre 

que el vehIculo de formulación comprenda al menos 10% en peso de etanol par 

volumen de vehIculo de formulaciOn. 

Otro aspecto do la invenciôn proporciona cualquiera do las formulaciones aqul 

descritas donde se afirma quo se remueve cualquier contenido minima de etanol. 

Por ejemplo, La formulación descrita en el pÆrrafo inmediatamente sobre Øste se 

vuelve: una formuiación farmacØutica adaptada para inyección intramuscular que 

comprende 150 mg/ml o mÆs de fulvestrant, 15% o mÆs en peso de un alcohol 

farmacØuticamente aceptable par volumen de vehIculo do formuiación, 17.5% a 

mÆs en peso de un ester solvente no acuoso farmacØuticamente aceptable por 

volumen do vehiculo de formulación y 5% o mÆs en peso de excipiente ricinoleato 

por volumen de vehIcuio de formulaciOn. 

De acuerdo con otro aspecto de la invención se proporciona una formuiación 

farmacØutica adaptada para inyecciOn intramuscular quo tiene una solubilidad do 

fulvestrant de al menos Y mg/ml y comprende: 

100 mg/ml o mÆs de fulvestrant; 

5% (ply) o mÆs de aceite de castor por volumen do vehiculo de formulación; 

y al menos una de las siguientes cantidades (% en peso/volumen de vehiculo de 

formulaciOn) do etanol (ETOH), bencilaicohol (BA), bencilbenzoato (BB) 

determinadas par el algoritmo: 

Y = -29.77 + 5.44xETOH + 2.38xBA + I .57xBB 





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

menos 5. 

Una formulación farmacØutica  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 y200. 

Una formulación farmacØutica mÆs preferida es una en dônde Y se selecciona de 

un grupo consistente en 120, 125, 130, 135, 140, 145, 150, 155, 160, 170, 180, 

190 y200. 

Una formulaciôn farmacØutica mÆs preferida es una en dónde Y se selecciona de 

un grupo consistente en 150, 155, 160, 170, 180, 190 y200. 

Una formulación farmacØutica mÆs preferida es una en dónde Y se selecciona de 

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

comprende al menos 150 mg/ml de fulvestrant. 

Una formulación farmacØutica ma’s preferida es una en dónde Y es 200 y la 

formulación comprende al menos 200mg/mi de fuivestrant. 

De acuerdo con otro aspecto de la presente invención se proporciona una 

formulación farmacØutica adaptada para inyección intramuscular que tiene una 

solubilidad para el fulvestrant de al menos 100 mg/ml y que comprende: 

100 mg/ml o mÆs de fulvestrant; 

5% (ply) o rnÆs de aceite de castor por volumen de vehIculo de formulación; 
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PHARMACEUTICAL FORMULATION FOR THE INTRAMUSCULAR ADMINISTRATION OF FtJLVESTRA1T 

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-

5 pentafluoropentylsulphinyl)nonyl]oestra-1 ,3,5(1 0)-triene-3, 1 7-diol, at concentration of at 

least 100mg/mi 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 

10 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 hind to and compete for oestrogen receptors (ER) present 

in the nuclei of oestrogen-responsive tissue. Conventional nonsteroidal antioestrogens, such 

15 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, :127-206, 1984; May and 

Westley, J Biol Chem 262:15894-15899,1987). 

The potential for nonsteroidal antioestrogens to display agonistic properties prompted 

20 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 

25 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 sulpbinyl)nonyl]oestra- 1,3,5-(l  0)triene-

30 3,17j-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 
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7a-[9-(4,4,5,5,5-pentafluoropentylsulphinyl)nony1] 

promoted interest in the development of the drug as 

dependent indications such "breast cancer and cerl 

7x-[9-(4,4,5,5,5-Pentaflüoropentylsulphinyl  

5 or ICI 182,780, has been allocated the international 

used hereinafter. When referring to fulvestrant we i 

thereof and any possible solvates of either thereof. 

Fulvestrant binds to ER with an affinity six 

blocks the growth stimulatory action of oestradiol 

10 more potent and more effective than tamoxifen in 

the uterotrophic action of oestradiol in rats, mice 

uterotrophic activity of tamoxifen. 

Because fulvestrant has none of the 

PCT/GB02103092 

stra-1,3-5(10)-tiiene-3,1 7J-dio1 have 

therapeutic agent for oestrogen-

n benign gynaecological conditions. 

onyijoestra- 1,3-5(1 0)-triene-3, 1 7-diol 

n-proprietary name fulvestrant, which 

Jude pharmaceutically-acceptable salts 

to thatofoestradiol and completely 

=an breast cancer cells in vitro; it is 

respect. Fulvestrant blocks 

characteristic of clinically available antioestrogens si.ch 

15 offer improved therapeutic activity characterised by 4loi 
tumour regression; a lower incidence or rate of develpi 

reduction of tumour invasiveness. 

In intact adult rats, fulvestrant achieves maxi 

which does not adversely affect bone density or lead 

20 also true in humans, these findings could be of c 

density limits the duration of oestrogen-ablative 

not block hypothalamic ER. Oestrogen ablation also 

other menopausal symptoms; fulvestrant will not 

the blood-brain barrier. 

25 European Patent Application No. 0 138 

are effective antloestrogenic agents. The disclosure 

preparation of the steroid derivatives. In particular I 

of the compound 7ct-[9-(4,4,5,5,5-pentafiuoropenty] 

1,3,5(10)-triene-3,17-dio1, which compound is spe 

30 disclosed that the compounds of that invention may 

pharmaceutical composition comprising a steroid 

and also blocks the 

stimulatory activity that is 

as tamoxifen or toremifene, it may 

e rapid, complete, or longer-lasting 

rient of resistance to treatment; and s 

in regression of the uterus at a dose 

increased gonadotrophin secretion. 

importance clinically. Reduced bo: 

nt for endometriosis. Fulvestrant di 

ises or exacerbates hot flushes and 

such effects because it does not 

discloses that certain steroid derivative 

ncludes information relating to the 

ere is the disclosure within Example 3 

ulphinyl)nonyl)oestra-

ifically named in Claim 4. It is also 

e provided for use in the form of a 

vative 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 physical 

properties which make formulation of these compounds difficult. Fulvestrant is a particularly 

5 lipophilic molecule, even when compared with other steroidal compounds, and its aqueous 

solubility is extremely low at around 10 ngmP (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 

10 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 

15 concentration. Therefore, there is a need to lower the alcohol concentration in fulvestrant 

20 

formulations whilst preventing precipitation of fulvestrant from the formulation. 

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

SOLVENT 

Water 

Arachis oil 

Sesame oil 

Castor oil 

Miglyol 810 

Miglyol 812 

Ethyl oleate 

Benzyl benzoate 

Isopropyl myristate 

Span 85 (surfactant) 

SOLUBILITY OF FULVESTRMT 

SOLUBILITY 

(mgmi’ at 25°C) 

0.001 

0.45 

0.58 

20 

3.06 

2.72 

1.25 

6.15 

0.80 

3.79 
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Ethanol 

Benzyl Alcohàl 

As can be seen fulvestrant is significantly mi 

other oils tested. The greater solvating ability of ca 

and is attributed to the high number of hydroxy grot 

5 constituent of the fatty acids within the triglycerides 

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

Our earlier application PCT/GBO1/00049, V 

formulations at a most preferred concentration of 5C 

formulation with a solubility up to 102 mg/mi - see 

10 with 15 % weight of ethanol per volume of formulal 

volume of formulation, 15 % weight of benzyl benz 

ricinoleate vehicle. However there is a need for 

contain high concentrations of fulvestrant to fac: 

or less frequent intervals. 

15 According to another aspect of the invention 

formulation adapted for intramuscular injection con: 

10 % or more weight of a pharmaceutically acceptai 

vehicle, 5 % or more weight of a pharmaceutically s 

volume of formulation vehicle and 5 % or more wei 

20 formulation vehicle provided the formulation vehicic 

per volume of formulation vehicle and provided that 

fulvestrant up to 102 mg/ml, 15 % weight of ethanol 

weight of benzyl alcohol per volume of formulation 

per volume of formulation vehicle and 30 % or more 

25 volume of formulation vehicle. 

A preferred pharmaceutical formulation adaj 

comprising 105 mg/ml or more of fulvestrant, 10 % 

acceptable alcohol per volume of formulation vehic 

pharmaceutically acceptable non-aqueous ester 

30 5 % or more weight of ricinoleate excipient per 

formulation comprises at least 5 % weight of et 

PCTIGB02I03092 

soluble in castor oil than any of the 

oil for steroidal compounds is known 

of ricinoleic acid, which is the major 

in castor oil - see (Riffkin et.al. .1. 

01/51056, describes certain fulvestrai 

’Jml. This application disclosed one 

last formulation in Table 3 thereof 

1,15 % weight of benzyl alcohol per 

e per volume of formulation in a 

formulations of fulvestrant that 

administration thereof at higher doses 

is provided a pharmaceutical 

g 100 mg/mI or more of fulv 

alcohol per volume of formulation 

non-aqueous ester solvent per 

it of ricinoleate excipient per volume 

comprises at least 5 % weight of ethai4l 
he following formulation is excluded: 

volume of formulation vehicle, 15 

dc, 15 % weight of benzyl benzoa 

weight of ricinoleate excipient per 

for intramuscular injection is one 

r more weight of a pharmaceutically 

5 % or more weight of a 

it per volume of formulation vehicle ai 

ie of formulation vehicle provided the 

per volume of formulation vehicle. 

p 
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A more preferred pharmaceutical formulation adapted for intramuscular injection is 

one comprising 110 mg/nil or more of fulvestrant, 10 % or more weight of a pharmaceutically 

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

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

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

formulation vehicle comprises at least S % 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 

10 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. 

15 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, S % 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 

20 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 

25 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 

30 one comprising 140mg/mi 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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fonætilation vehicle comprises at least 10 % 

vehicle. 

A more preferred pharmaceutical forn 

one comprising 150 mg/nil or more of fulvest 

5 acceptable alcohol per volume of formulation 

pharmaceutically acceptable non-aqueous ester 

5 % or more weight of ricinoleate excipient per 

formulation vehicle comprises at least 10 % we 

vehicle. 

10 Another aspect of the invention provides 

stated as having any minimum ethanol content 

described in the paragraph immediately above be 

for intramuscular injection is one comprising 150 

weight of a pharmaceutically acceptable alcohol 

15 more weight of a pharmaceutically acceptable nor 

formulation vehicle and 5 % or more weight of ri 

formulation vehicle. 

According to another aspect of the invent 

formulation having a solubility for fulvestrant of 

20 injection comprising; 

100 mg/ml or more of fulvestrant; 

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

and at least the following amounts (% weight/vol 

(ETOH), benzylalcohoi (BA), benzyl benzoate (] 

25 Y-29.77+5.44xETOH+2.38xBA+1.57x 

of ethanol per volume of 

adapted for intramuscular mi 

15 % or more weight of   pbarr 

le, 17.5 % or more weight of a 

per volume of formulation 

of formulation vehicle provided 

of ethanol per volume of formulati 

is 

cally 

and 

of the formulations described herein 

ved. For example, the formulation 

es: a pharmaceutical formulation ad 

/mi or more of fulvestrant, 15 % or r 

volume of formulation vehicle, 17.5 

ester solvent per volume of 

ºxcipient per volume of 

there is provided a pharmaceutical 

least Y mg/ml adapted for 

ion vehicle; 

e of formulation vehicle) of ethanol 

) determined by the algorithm: 

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

A preferred pharmaceutical formulation isne wherein Y is selected from the gro 

consisting of 105, 110, 115, 120, 125, 130, 135, i4o, 145, 150, 1557 160, 170, 180, 190, 

200. 

30 A more preferred pharmaceutical formulat 

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

A more preferred pharmaceutical formulat 

group consisting of 150, 155, 160, 170,180,190 

is one wherein Y is selected from 

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

is one wherein Y is selected from ti 

ore 

or 

200. 
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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 150mg/mi of 

fulvestrant. 

A more preferred pharmaceutical formulation is one wherein Y is 200 and the 

5 formulation comprises at least 200mg/mi 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 

(EtO}1), 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 

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 

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 

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 

human for at least 2 months. 

According to another aspect of the invention 

formulation comprising fulvestrant at a concentrati 

5 formulation is adapted for intra-muscular injection 

injection of attaining a therapeutically significant t 

human for at least 2 months. 

According to another aspect of the invention 

formulation comprising fulvestrant at a concentrati 

10 formulation is adapted for intra-muscular injection 

injection of attaining a therapeutically significant b 

human for at least 2 months. 

According to another aspect of the invention 

formulation comprising fulvestrant at a concentrati 

15 formulation is adapted for intra-muscular injection 

injection of attaining a therapeutically significant b 

human for at least 2 months. 

According to one aspect of the invention 

pharmaceutical formulations comprising about: 

20 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 5m1 of finished 

25 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 

30 500-700mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil; 

iii) 

10% weight per volume of ethanol 

PCT/GB02103092 

d plasma fulvestrat concentration in 

re is provided a pharmaceutical 

rat 

least 150 mg/ml in which the 

a human and which is capable after 

plasma fulvestrant concentration in i 

re is provided a pharmaceutical 

at least 200 mg/ml in which the 

a human and which is capable fter 

plasma fulvestrant concentration in 

re is provided a pharmaceutical 

’at least 300 mg/ml in which the 

a human and which is capable after 

plasma fulvestrant concentration in a 

is provided any one of the following 
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20% weight per volume of benzyl alcohol 

50% weight per volume of benzyl benzoate 

500-750mg of fulvestrant for each SW of finished formulation 

and the remaining amount as castor oil, 

5 iv) 

20% weight per volume of ethanol 

201/6 weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

500-1175mg of fulvestrant for each 5m1 of firushed formulation 

io 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 

15 5W-91-Op offulvestrantfor each Sm! of finished formulation 

and the remaining amount as castor oil, 

vi) 

15% weight per volume of ethanol 

2011/o weight per volume of benzyl alcohol 

20 5(r  weight per volume of benzyl benzoate 

500 mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil, 

vu) 

15% weight per volume of ethanol 

25 200/o weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

500-630mg of fulvesirant for each Sin! of finished formulation 

and the remaining amount as castor oil, 

viii) 

30 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 
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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 

5 30% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil; 

X) 

15% weight per volume of ethanol 

10 10% weight per volume of benzyl alcohol 

50% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil; 

xi) 

15 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 5m1 of finished 

and the remaining amount as castor oil; 

20 xii) 

14% weight per volume .f ethanol 

19% weight per volume of benzyl alcohol 

48% weight per volume of benzyl benzoate 

700mg of fulvestrant for each 5m1 of finished 

25 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 

30 750mg of fulvestrant for each 5m1 of finished 

and the remaining amount as castor oil; 

xiv) 

9% weight per volume of ethanol 
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and the remaining amount as castor oil, 

xx) 

201/6 weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

$ 25% weight per volume of benzyl benzoate 

15014g .of flilvestrant for each 5m1 of finished forum atior  

and the remaining amount as castor oil, 

xxi) 

10% weight per volume of ethanol 

10 300/or weight per volume of bcnzyl alcohol 

25% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished form aXion 

and the remaining amount as castor oil; 

xxii) 

15 10% weight per volume of ethanol 

250% weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

750mg of fulvestrant for each Smi of finished formu ation 

and the remaining amount as castor oil, 

20 xxiii) 

10% weight per volume of ethanol 

30% weight per volume of benzyl alcohol 

3 MW weight per volume of bcnzyl benzoat 

750m9 of fulvestrant for each 5W of finished form ation 

2.5 and the remaining amount as castor oil, 

xxiv) 

15% weight per volume of ethanol 

25% weight per volume of benzyl alcohol 

30% weight per volume of benzyl benzoate 

30 750mg of Mvestrant for each 5m1 of finished formu, ation 

and the remaining amount as castor oil, 

� � 

158/6 weight per volume of ethanol 



WO 03/006064 .PCT/GB02/03092 

-13-

25% weight per volume of benzyl alcohol 

25% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished formulation: 

and the remaining amount as castor oil; and 

5 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 5m1 of finished formulation 

10 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%, 

15 more preferably plus or minus 3%, more preferably plus or minus 2%, more preferably plus or 

20 

minus 1%. In a preferred embodiment, more variation in drug level is allowed compared with 

other components. For example: 

Drug (+1- %) Other components (+1- %) 

5 4,3,2orl 

4 3,2orl 

3 2orll 

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: 

25 i) 

10% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 
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vii) 

15% weight per volume of ethanol . .. .. 

20% weight per volume of benzyl alcohol .. .... 

30% weight per volume of benzyl benzoate 

5 500-630mg of fulvesirant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

viii) 

10% weight per volume of ethanol 

20% weight per volume Of benzyl alcohol 

10 50% weight per volume of benzyl benzoate 

750mg of fulvestrant for each Sml of finished formulation 

and the remaining amount  as castor oil 

ix) 

2(% weight per volume of ’ethanol 

is 20% weight per volume of benzyl alcohol 

30% weight per volume of benzyl ’benzoate 

750mg of fulvestrant for each 5m1 of finished formulation’ 

and the remaining amount as castor oil 

X) 

20 .15% weight per volume of ethanol 

10%weight per volume of benzyl alcohol 

501% weight per, volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil. 

25 A preferred pharmaceutical formulation described herein is one wherein the 

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

A preferred pharmaceutical formulation described herein is one wherein the 

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

olôate, isopropyl myristate, isopropyl palmitate or a mixture of any thereof. 

30 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. 
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-According According to one aspect of the present invent on there � is provided a pharmaceutical 

formulation adapted for intramuscular injection coml rising 100 mg/mi or more of fulvestran, 

10 
% 

or more weight of a pharmaceutically acceptab alcohol per volume of pharmaceutical 

formulation, 5 % or more weight of a pharmaceutical 
y acceptable non-aqueous ester solven 

5’ per volume of pharmaceutical formulation and 5 % o more weight of ricinoleate excipient r 

volume of pharmaceutical formulation provided: 

a) -the pharmaceutical formulation comprises at least 5 % weight of ethanol per volume 

of pharmaceutical formulation; 

b) if the pharmaceutically acceptable alcohol is iss than or equal to 13%, then the 

10 pharmaceutical formulation must comprise at least 5 % non-aqueous ester solvent; and 

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

25 %, then the pharmaceutical formulation must com rise at least 30 % non-aqueous ester 

solvent; 

and also provided that the following pharmaceutical I ormulation is excluded: fulvestrant up 

15 102 mg/nil, 15 %weight of ethanol per volume of fbi mulation vehicle, 15 % weightof benzirl 

alcohol per volume of formulation vehicle, 15 % wei ht of benzyl benzoate per volume of 

formulation vehicle and 30 % or more weight of ricir oleate excipient per volume of 

formulation vehicle. 

A preferred pharmaceutical formulation adapi ed for intramuscular injection is one 

20 comprising 100 mg/ml or more of fulvestrant, 20 % or more weight of a pharmaceutically 

acceptable alcohol per volume of pharmaceutical fon aulation, 5 % or more weight of a 

pharmaceutically acceptable non-aqueous ester solvei it per volume of pharmaceutical 

formulation and 5 % or more weight of ricinoleate ex Cipient per volume of pharmaceutical 

formulation provided: 

25 a) the pharmaceutical formulation comprises at east 10 
% weight of ethanol per volum 

of pharmaceutical formulation; 

b) if the pharmaceutically acceptable alcohol is 0%, then the pharmaceutical 

formulation must comprise at least 22.5 
% non-aque( us ester solvent; and 

c) if the pharmaceutically acceptable alcohol is eater than 20 
% 

but less than or equal o 

30 25 %, then the pharmaceutical formulation must co rise at least 15 
% 

non-aqueous ester 

solvent; 

and also provided that the following pharmaceutical ormulation is excluded: fulvestrant up 10 

102 mg/ml, 15 
% 

weight of ethanol per volume of fo mulation vehicle, 15 % weight of berwrl 
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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 

5 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: 

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

of pharmaceutical formulation; 

1,) 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 

15 or less of ethanol and in which the solubility of fulvestrant is at least 155mg/mi. 

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 

6m1 or less. 

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

20 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. 

25 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 

30 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 be’ein meaxs the combination of all excip 

used in the pharmaceutical formulation (and there: ire excludes drug per se). 

The distinction between pharmaceutical fo nulation and formulation vehicle is 

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

5 excipient "A" is measured by its concentration in rinulation vehicle and then drug is add 

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

concentration 
y 

in the finished pharmaceutical o itilation. To convert a concentration 

expressed in terms of "formulation vehicle" into a oncentration of "finished pharmaceuti 

formulation" it is necessary to use a displacement i alue. 

10 The "displacement value" is defined as the iumber of parts by weight of compound 

that displaces one part by weight of the formulatio] vehicle. The displacement value alIo 

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

displacement value is used to calculate the actual c imposition of the finished formulation i: 

terms of proportions of excipients. The density of ie compound affects the amount of 

15 formulation vehicle required to make the pharmace itical formulation to the correct 

concentration. One part by weight of the compoun with a density equal to the formulatior 

vehicle will displace an equivalent volume of the fib rmulation vehicle. A compound with 

twice the density of the formulation vehicle will dis lace half the volume. It is therefore 

necessary to make allowance for the compound in t rms of the particular formulation vehic 

20 using the displacement value 

For the avoidance of any doubt when using I ie term 
% 

weight per volume of 

formulation for the constituents of the formulation N re mean that within a unit volume of th 

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

1% weight per volume formulation will contain wit in a lOOnil volume of formulation I   c 

25 the constituent. By way of further illustration 

[% of x by weight per volume of formulation 11,weight of x in imi 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 to4 
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, 

5 when a 5ml dose is required it would be appreciated that an excess of up to 0.25m1, preferably 

up to 0.15m1 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 

10 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 

15 just one. A preferred pharmaceutically-acceptable non-aqueous ester solvent for parenteral 

administration is selected from benzyl benzoate, ethyl oleate, isopropyl myristate,isopropyl 

pahnitate 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 

20 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 Pbarmacopeia 

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. 

25 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: 

30 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 



Wó 03/006064 PCT1GB02103092 

-20-

triglycerides of ricinoleic acid. The ricinoleate 

is castor oil, ideally of pbarmacopoeial standards, as 

We have surprisingly found that the above Ic 

intra-muscular injection, satisfactory release of fulvc 

5 We have found that despite the rapid elimina 

may be a synthetic oil or 

ascribed above. 

[ations of the invention provide, aft 

it over an extended period of time. 

of the additional solubilising 

excipients, i.e. the alcohol and pharmaceutically-acctable non-aqueous ester solvent, from 

the formulation vehicle and the site of injection after njection of the formulation, extended 

release at therapeutically significant levels of fulvest4nt over an extended period can still 

achieved by the formulation of the invention. 

10 By use of the term "extended release" we 

preferably at least 8 weeks of continuous release of 

feature extended release is achieved for at least 8 w 

least 12 weeks or 3 months. 

It will be understood that the attendant 

15 Intramuscular injection as a divided dose, i.e. a 5m1 

in two separate injections of 2.5m1, this is a further 

Simply solubilising fulvestrant in an oil has 

good release profile. 

Preferably Sml of the intramuscular injectio 

20 Additional excipients commonly used in the 

an antioxidant preservative, a colorant or a 

excipient is a surfactant, more preferably an antio 

As described above fulvestrant is useful in 

at least 4 weeks, at least 5 weeks, 

strant is achieved. In a preferred 

or 2 months, more preferably for at 

may wish to administer the 

rmulation is sequentially administered 

iture of the invention 

liquid formulation is not predictive of 

[s administered. 

rmulatiori field including, for exa 

may be used. A preferred optional 

A. 

treatment of oestrogen-dependent 

indications such as breast cancer and gynaecological ponditions such as endometriosis. 

25 In addition to fulvestrant another similartypef molecule is currently under clinical 

investigation. SH-646 (11 f-fluoro- 7a-(l 4,14,15,15, 5-pentafluoro-6-

methyl-i O-thia-6-azapentadecyl)estra- 1 ,3,5(1O)-trienc-3, 1 7(-dio1) is also putatively a 

compound with the same mode of action as fulvestra4t and has a very similar chemical 

structure. It is believed that the compound will also s$are with fulvestrant similar physical 

30 properties and therefore the current invention will a 

Further features of the invention are those as i 

substituted for fulvestrant. 

have application with this compound. 

scribed above but in which SH-646 is 



WO 03/006064 

-21-

PCT/G802/O3092 

References 

1. Bowler J, Lilley TJ, Pittam 3D, Wakeling.AE. Novel steroidal pure antioestrogens. 

Steroids, 4: 71-100,1989. 

2. Wakeling AE. Novel pure antioestrogens: mode of action and therapeutic prospects. 

s American New York Academy Science 1990a; : 348-56. 

3. Wakeling AE. Steroidal pure antioestrogens. In Lippman M, Dickson R, editors. Regulatory 

mechanisms in breast cancer. Boston: Kluwer Academic, 1990b: 239-57. 

4. Wakeling AE. Therapeutic potential of pure antioestrogens in the treatment of breast 

cancer. Journal Steroid Biochemistry 1990c; : 771-5. 

10 5. Wakeling AE, Bowler J. Steroidal pure antioestrogens. Journal Endocrinology 1987; 112: 

R7-10. 

6. Wakeling AB, Bowler J. Biology and mode of action of pure antioestrogens. Journal 

Steroid Biochemistry 1988; 1: 141-7. 

15 
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20 

25 

30 

The invention will now be illustrated by the following non-limiting Examples in 

Figure 1 shows plasma profiles obtained following 1M injection (data normalised for 

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

the x-axis is time (days); and 

Figure 2B shows plasma profiles from group B in which the y-axis is cone (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 cone (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 
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Figure 7 shows plasma profiles obtained folli iwingitNlinjection (data normalised for 

rabbit *eight, based on3.2 kg  nibbit)m whic h the Y-I xik is cone(nglml) and theX. 

axis is time (days), 

Abbreviations 

5 IM intramuscular 

PK pharmacokinetic 

AUC area under curve 

Si) standard deviation 
-12 

10 Referenc Ezamnle I 

Measurement of Solubility of Fulvesfrant in  For= latiolis 

1. Materials and Apparatus 

Balance 

2mL glass vials. with screw caps, 

15 Magnetic stirrer bars 

Temperature control reaction block with magnetic sti ng fcpity 

Positive displacement pipette (P)P) 20-25 gtL with op te de  tips 

Polycarbonate ultracentrifuge tubes 

Ultracentrifuge 

20 Pipette 05-200 jiL P1)1’ with appropriate microsyn e 

Pipette 200 pL -1 mL with appropriate plastic tips 

2 niL amber Snap Top glass HPLC vials 

1 nun Snap Caps for HI’LC vials 

HPC kit with diode army detector 

25 Methanol (MeOH) HPLC Grade 

Acetonitrile (ACN) For WV HPLC Grade 

Ultrapure de-ionised water 

25cm 115ODS5j.i46mmid HPLCcolunmn 

Vortex mixer 

30 Ultrasonic bath 

20-200 iL pipette with appropriate plastic tips 

Aluminium weigh pans 5 niL glass volumetric flasks 
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2. Experimental procedure - 

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

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

5 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 

10 2.5 Using the PDP 20-200 i.tL pipettor, 200 J.LL 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. 

15 2.7 990 .tL HPLC eluent was added to 60 amber glass HPLC vials using a I mL Pipette. 

2.8 3 x 10 I.LL of supernatant were removed from each ultracentrifuge tube using the Pipette 

PDP 0.5-25 gL pipette and added to the vials containing eluent. 

2.9 The samples were diluted again 1 in 10. 1 00.il sample was added to 900.tl HPLC eluent 

2.10 The amber vials were capped, vortex mixed for 10 seconds, sonicated for 10 minutes and 
20 then placed in the HPLC autosainpier 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 S mL glass volumetric flask The actual weight was 

recorded. 

25 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-1). 

3.3 0-250 .tL 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 

30 as shown in the table below: 
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� Volume Spiking 

SolutOn 

OtLY 
� 

Volume HPLC 

eluent 

(ILL) 

T 

ft 

C 

( 

Leoretical 

lvestrafti, 

neentritiOn 

;.mL-) 

0 1000 0 

- 

5 
- 995 10 

25 
- 975  

50 950 1QO 

100 900 .200 

150 
- 850 

- 300 

200 800 -- 400 

250 750 
- 

600  

3.4 The HPLC vials were capped, vortexed for M. 

autosampler tray. 

5 3.5 A calibration was prepared (as per 3.1 - 3.4) for 

4. HPLC Conditions 

Eluent: 

Column: 

10 Detection wavelength: 

Flow rate: 

Temperature: 

Injection volume: 

Retention time: 

15 

70% MeOH /.22.5% W 

25 cm 5g Hypersil OD 

280 nm 

1.2 mL.min’ 

Ambient 

50 gL 

12 minutes approximate 

:onds and placed on the HPLC 

)th batches of ICI 182780. 

ter/7.5/oACN 

4.6 W. with guard column 

Example 1 

Pharmaceutical Formulations 

Fulvestrant is mixed with ethanol and benzyl g lcohol sprring until completely 

dissolved. Benzyl benzoate is added and the solution s made final weight with castor oil 

20 and stirred, (for convenience weight is used rather tha  k volume by using the weight to volum4 
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ratio). The bulk solution is overlaid with nitrogen. The solution is sterilisedby filtration usin 

one or two filters of 0.2gm 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 

5 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 

10 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 

15 500mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

b) 

10% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

20 30% weight per volume of benzyl benzoate 

500mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

C) 

� 
10% weight per volume of ethanol 

25 20% weight per volume of benzyl alcohol 

50% weight per volume of benzyl benzoate 

500mg of fulvestrant for each 5m1 of finished formulation 

and the remaining amount as castor oil 

d) 

30 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 flulvestrant for each 5m1 of finished fa 

and the remaining amount as castor oil 

C) 

15% weight per volume of ethanol 

5 10% weight per volume of benzyl alcohol 

50% weight per volume of benzyl benzoate 

500mg of fulvestrant for each 5m1 of finished ía 

and the remaining amount as castor oil 

f) 

10 15% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

301/16 weight per volume of benzyl benzoate 

500mg of fulvestrant for each 5m1 of finished ft 

and the remaining amount as castor oil 

15 



1 
WO 03/006064 PCT/GB02/03092 

-,27-

FLOW DIAGRAM OF MANUFACTURING 

Ingredients/Components Process 

[ivnt_ STAGE I: DISSOLUTION OF 
Alcohol
 

10 ACTIVE AGENT 
Benzyl Alcohol 

[r1zYl Benzoate . STAGE 2: MIX 

[ 

STAGE 3: MAKE TO 
Castor I WEIGHT 

* 

STAGE 4: STERILE FILTRATION 
(O,2tm) 
INTO BULK RECEIVING VESSEL 

* 

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

STAG 6: ASEPTIC FILLING, 
AND STOPPERING 

STAG 7:VISUAL 
INSPECTION 
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SExanwle2 

Stability studies to 4 months for selection of stable 

foiinülations 

PCTIGB02/03092 

100mg/mi Pharmaceutical 

?ormülation  NO. Fulvestrànt 96% 
EtOH 

Benzyl 
Alcohol 

Benzyl 
Benzoate 

Castor oil Observations 
 (visual) 

(ig/mj) % w/v % w/v 
% 

w/v % 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 
Sanle 8 10 10 22.5 to 100% Solution 
Sample 9 - 

-100 
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 1000/0 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 tol 00Vo - Solution 
Sample 16 100 10 15 40 to 100% Solution 
Sample 17 100 10 15 50 to 100% Solution 
Sample 18 

- 

100 10 
- 

20 - 15 to 100% Solution 
Sample 19 100 10 20 30 to 100% Solution 
3ajn2le 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 

ample24 100 15 10 40 to 100% Solution 
- 

Sample 25 100 15 10 50 to 100% Solution 
Sample 26 20 5 15 to 100% Solution 

ample 27 
_100 

100 20 5 - 30 to 100% Solution 
Sample 28 20 10 15 to 100% Solution 
Saniple29 

_100 
20 10 30 to 100% Solution 

Sample 30 
_100 

20  0 40 to 100% Solution 
Sample 31 

_100 
100 10 50 to 100% Solution 

aij1e 32 
_2_ 

15_� -15 to 100% Solution 
Sample 33 

_100 _15 
5 30  to 100% Solution 

Sample 34 
_100 _1_ - 

40 to 100% Solution 
Sp1e 35 

_100 
100 

_1_ 
15. 

_15 
15 50 - to 100% Solution 

Sample 36 100 15 20 15 to 100% Solution 
- 

Sample 37 100 15 
- 

20 
- 

30 to 100% Solution 
S2n21e 38 15 

- 20 
50Ito

o 100% Solution 
Sanp1e 39 

_100 
100 0_ 20 

- 

15  100% Solution 



7c’ 
WO 03/006064 PCT/GB02/03092 

-29-

Sainple40 100 20 20 30 to 100% Solution 
- 

onfrol Sample 52.16 10 10 15 60 Solution 

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

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

with castor oil. 

Example 3 

Pharmaceutical formulations selected for in vivo deposition and in vitro precipitation 

studies 

The tharmaceutical formulations below were selected from ExainDle 2 for further study. 
Formulation Fulvestrant 95% ETOH Benzyl Alcohol Benzyl Benzoate 

- 

Castor oil 

- % 

w/v %w/v %w/v %w/v %w/v 

Sample 1 10 10 10 30 to 100% 

Sample   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 1000/0 

Sample 10 10 15 10 15 to 100% 

Sample ll 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 I6 5 10 - 10 15 to 100% 

10 
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 ex 

sample under conditions where evaporation of 

Example 4 

5 In vivo Studies 

Pharmaceutical formulations identified for furth 
Excipients (0/1 

No. Fulvestrant (%wI) Ethanol Benzyl 

10 F1 10 10 20 
F2 10 10 20 
F3 10 10 20 
F4 10 20 20 
F5 10 15 10 

15F6 10 15 20 
F7 10 15 20 
Control 5 10 10 

(a) An in vivo pharmacokinetic (PK) study on thi 

20 performed over 3 months duration; results are 

Analysis of PK results 

Plasma levels were more variable than Contr 

similar to control thereafter. After 2 months, drug Ic 

25 month indicating a prolonged period of action over ( 

surprising because, compared with Control which do 

precipitation at the Site of injection of the tested forn 

release profile. 

Some differences in profiles were noted over 

30 divided into 2 groups (with Formulation 11 showing 

Group A, rapid release early time points (50% Benz) 

see figure 2A 

Group B, lower release, flatter profile (5 30% 

see figure 2B 

35 

involved visual inspection of each 

led to precipitation of drug. 

r in viva evaluation 
w/v) 

Benzyl Castor 

15 45 
30 30 
50 10 
30 20 
50 15 
50 5 
30 25 
15 60 

7 pharmaceutical formulations 

)WniflFigures 1,2 and 3. 

over the first 30 days; variability was 

Is were equivalent to Control at 1 

ritrol. This release profile was 

not precipitate drug locally, local 

tations was expected to impair their 

ie first 30 days such that they were 

termediate behaviour). 

benzoate and low castor oil -S 15%) - 

benzoate and higher castor oil ?: 20%) 
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(I,) Histopathology 

Local tolerance was assessed to TM injection of the 7 pharmaceutical formulations and 

Control. Lesions were observed over a 51 day period. All pharmaceutical formulations 

5 caused tissue reactions greater than Control. 

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

Form. Dose . Time pint (days) 
10 (ig 28 56 84 

1 100 8.7 4.6 3.5 
2 100 8.0 3.6 2.6 
3 100 9.4 3.5 2.0 
4 100 7.7 5.0 3.4 

15 5 100 9.1 4.5 2.6 
6 100 9.9 3.3 1.9 
7 100 9.9 5.5 3.2 
Control 50 3.3 1.7 

20 Summary 

Duration for 100mg dose = min 2 months. 

Duration for 150mg dose = min 3 months. 

(d) Measurement of FuIvestrant solubility in 7 pharmaceutical formulations after 6 days 

Formulation Solubility (mg/ml) 

25 6Øys  

Fl In 

F2 140 

F3 175 

F4 235 

30 F5 162 

F6 212 

F7 126 
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Examnle 5 

Model for Fulvestrant Solubility 

Formulation vehicles for Fulvestrant - solubility 

Formulation 96% Benzyl Alcohol Benzyl Benz’ 
ETOH 

No. % w/v % wfv %
  
wlv 

Sample   5 5 0 
Sample  5 5 15 

Sample  10 5 0 
Sample   10 5 15 
Sample   10 10 0 
Sample   10 10 15 
Sample   15 15 0 
Sample   15 15 15 
Sample  11 22 17 
Sample 10 11 22 33 
Sample 11 11 22 56 
Sample 12 22 22 33 
Sample 13 17 11 56 
Sample 14 17 22 56 
Sample 15 17 22 33 

A linear regression model was fitted to solubility dal 

variables the % ethanol, benzyl alcohol and benzyl l 

following model was obtained which had an R-Squa 

SOLUBILITY = -29.77 + 5.44 x ETOH + 2.38 x 11 

10 Benzyl alcohol = BA, benzyl benzoate = BB, Ethan 

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 85.4 109.8 134.1 
126 149 166.1 183.1 

P6I602I03092 

Measured 
Fulvestrant Predicted 

Castor oil Solubility solubility 

%w/v 
to 100% 27 9.4 
to 100% 36 32.8 
to 100% 46 48.5 
to 1000/0 54 36.6 
to 1000/0 45 60.1 
to 100% 65 72 
to 100% 76 87.6 
to 100% 102 111.1 
to 100% 111 109.8 
to 100% 140 166.1 
to 100% 175 135.8 
to 100% 235 174.4 
to 100% 162 170.6 
to 100% 212 200.9 
to 100% 126 196.3 

from 15 samples using as independent 

izoate levels in the formulations. The 

d value of 93.2%: 

+1.57xBB 

= ETOR 
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140 114.2 135.8 157.5 
162 142.5 174.4 206.3 
175 143.4 170.6 197.9 
212 179.6 200.9 222.2 
235 168.7 196.3 224 

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 

Formulation Fulvestrant 95% Benzyl Alcohol Benzy) Benzoate Castor oil Observations solubility 

No. (mg/ml) 
ETOH 

% 

w/v 
% 

w/v % w/v % wlv 4 months (mg/ml) 
Sample I - 100 5 10 15 60 Precipitated 53.1 
Sample 2 100 5 10 30 45 Precipitated 79.2 
Sample 3 100 7.5 10 iS 57.5 Precipitated 68.2 
Sample 4 100 7.5 10 30 42.5 Precipitated 94.3 
Sample   100 10 10 15 55 Precipitated 83.3 
Sample 6 100 10 10 17.5 52.5 Precipitated 87.6 
Sample 7 100 10 10 20 50 Precipitated 92.0 
Sample 8 100 10 10 22.5 47.5 Solution 96.4 
Sample 9 100 10 10 25 45 Solution 100.7 
Sample 10 100 10 10 27.5 42.5 Solution 105.1 
Sample ii lOU 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 iS 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 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 iS 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 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 201.0 
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Sample 39 100 20 
Sample 40 100 20 

Control Sample 52.16 10 
[Faslodex] 

20 
20 

10 

r 

1IJDU/U.0 

15 35 Solution 170.2 
30 20 Solution 196.3 

15 60 Solution 72.0 

The Tables below show predicted formulations for arious solubilities of fuivestrant; wher 

an "X" means in solution. Note that the Tables inc ude some impractical formulations wh re 

5 the sum of components becomes greater than 100% The principal purpose is to illustrate e 

wide combinations of ethanol/ benzyl alcohol / be  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/mi of fulvestrant 

Formulations F3 and F6 as described in Example 4 were modified to contain an 

increased level of fulvestrant to 140mg/mi. The modified formulations were named F8 and 

5 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. (%wlv) (%w/v) alcohol Benzoate (%w/v) 

(%w/v) (%w/v) 

F8 14 9 19 .47 To 100% 

F9 14 1419 48 To 100% 

10 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. 

15 Example 7 

Compositions at 150mg/mi fulvestrant 

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

comprising 130mg/mi of fulvestrant are prepared as follows. 

Formulation 

No. 

Fulvestrant 

(%w/v) 

Ethanol 96% 

(%wfv) 

Benzyl 

alcohol 

(%wlv) 

Benzyl 

Benzoate 

(%w/v) 

Castor Oil 

(%w/v) 

FlO 15 10 

- 

20 50 To 100% 

Fil 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 29 - 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% 

F19 15 15 10 45 To 1000/0 

F20 15 20 20 25 To 1000/0 

F21 15 10 30 25 To 100% 

F22 15 10 25 30 To 100% 

F23 15 10 30 30 To 1000/0 

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/mi 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 % 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. 

2. A pharmaceutical formulation adapted for intramuscular injection according to claim 2 

comprising 105 mg/nil 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 

Is 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/mI 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 

vehicle. 

5.. A pharmaceutical formulation adapted for 

comprising 120 mg/ml or more of fulvestrant, 10 % 

acceptable alcohol per volume of formulation vehici 

pharmaceutically acceptable non-aqueous ester solve 

5 % or more weight of ricinoleate excipient per volur 

formulation vehicle comprises at least 5 % weight of 

vehicle. 

6. A pharmaceutical formulation adapted for 

comprising 130 mg/mi or more of fulvestrant, 15 % 

acceptable alcohol per volume of formulation vehic 

pharmaceutically acceptable non-aqueous ester solve 

5 % or more weight of ricinoleate excipient per volw 

formulation vehicle comprises at least 5 % weight of 

vehicle. 

7. A pharmaceutical formulation adapted for i 

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

acceptable alcohol per volume of formulation vehic 

pharmaceutically acceptable non-aqueous ester sol 

5 % or more weight of ricinoleate excipient per you 

formulation vehicle comprises at least 10 % weight 

vehicle. 

8. A pharmaceutical formulation adapted for 

comprising 150 mg/ml or more of fulvestrant, 15 % 

acceptable alcohol per volume of formulation vehic 

pharmaceutically acceptable non-aqueous ester 

5 % or more weight of ricinoleate excipient per 

per volume of formulation 

muscular injection according to claim 

more weight of a pharmaceutically 

5 % or more weight of a 

per volume of formulation vehicle an 

of formulation vehicle provided the 

per volume of formulation 

nuscu1ar injection according to claim 

more weight of a pharmaceutically 

5 % or more weight of a 

per volume of formulation vehicle an 

of formulation vehicle provided the 

per volume of formulation 

muscular injection according to claim 

more weight of a pharmaceutically 

12.5 % or more weight of a 

per volume of formulation vehicle an 

of formulation vehicle provided the 

ethanol per volume of formulation 

muscular injection according to claim 

more weight of a pharmaceutically 

17.5 % or more weight of a 

per volume of formulation vehicle an( 

of formulation vehicle provided the 
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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 + I .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, 15$, 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/mi of 

fulvestrant. 

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

formulation comprises at least 200mg/mi 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/n 

formulation vehicle, 15 % weight of benzyl alcohol 

weight of benzyl benzoate per volume of fonnulati( 

ricinoleate excipient per volume of formulation veb 

16. A pharmaceutical formulation comprising 

mg/ml in which the formulation is adapted for mt 

which is capable after injection of attaining a ther, 

fulvestrant concentration in a human for at least 2 

17. Any one of the following pharmaceutical f 

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 5m1 of finished 

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 5m1 of finished 

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 5m1 of finished 

and the remaining amount as castor oil; 

iv) 

20% weight per volume of ethanol 

20% weight per volume of benzyl alcohol 

3011/o weight per volume of benzyl benzoate 

15 % weight of ethanol per volume 

r volume of formulation vehicle, 15 

vehicle and 30 % or more weight of 

at 

a concentration of at least 15 

injection into a human and 

significant blood plasma 

comprising about: 



18 
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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 5m1 of finished 

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 5m1 of finished 

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 5m1 of finished 

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 5m1 of finished 

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 5m1 of finished 

and the remaining amount as castor oil; 

xv) 

19% weight per volume of ethanol 

19% weight per volume of benzyl alcohol 

PCT1GBO2/03092 

n 
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30% weight per volume of benzyl benzoate 

750mg of fulvestrant for each 5m1 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 6m1 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 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. 
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