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A METHOD OF | NG OR TREATI NG ESTROGEN- DEPENDENT . AND
DI SORDERS “ETﬁmgﬁgs application clains priority frornProwsmn"g.?%ﬁ;'%{%%ﬁS
Application No. 60/055,881, the entire contents of that application being

I ncorporated herein by reference. This invention was made, in part,
with funding fromNational Institutes of Health Grant No. NCI P50 CA68438.
The Governnent may have certain rights in the invention.

TECHNI CAL FI ELD The present invention relates, in general, to the
treat nent of estrogen- debéHE@HPDdPEeEBSYEﬂﬁénﬁl93r€@ﬁ§ﬂ£ﬁﬁ in partlcular

to a nmethod of treat IBETROGENPREENDENI DESEASES AND DESORBEREr | y breast
cancer, with antiestrogens. BACKGROUND The

human estrogen r&Bépt BPPLERRLLGNACKBIBES PEH OZRE Ynf&rBa P Hovdepiqnal
super fam | yp, %15.?@%8{1' b1, 0@0‘7@35°@§1§ E‘éﬁQS en%@.'r%”%%n%@it@%@géxé@g%))

In the absen hor none, resides in the nucleus of target cells in a
transcrupt|apalhyatmaotbeengtaneorgp@atbdnhemgihugan¢pﬂ§2anuﬁwgoes a
conf or mati onal change

This invention was made, in part, with funding

from National Institutes of Health Grant No. NCI P50

CA68438. The Government may have certain rights in the

invention.

TECHNICAL FIELD

The present invention relates, in general, to the
treatment of'estrogen-dependent diseases and disorders
and, in particular, to a method of treating estrogen-
dependent cancers, particularly breast cancer, with

antiestrogens.

BACKGROUND

The human estrogen receptor (ER) is a member of
the nuclear receptor superfamily of transcription
factors (Evans, Science 240:889-895 (1988)). In the
absence of hormone, it resides in the nucleus of target
cells in a transcriptionally inactive state. Upon
binding ligand, ER undergoes a conformational change
initiating a cascade of events leading ultimately to
its association with specific regulatory regions within
target genes (0’Malley et al, Hormone Research 47:1-26
(1991)). The ensuing effect on transcription is
influenced by the cell and promoter context of the DNA-



initiating a cascade of events leading ultimately to its association with

specific r$9§5§@8%%9regions within target genes (O Mall ey ekcghkw?ﬁ?ﬁﬁne

Research 4 91)). The ensuing effect on transcriptionis enced
by the cell and pronoter context of the DNA- bound recept or
(Tora et al, Cell 59:477-487 (1989) (Tasset et al, Cell 62:1177-1187
(1990); McDonnell et al, MIl. Endocrinol. 9:659-669 (1995); Tzukerman et

al, M. Endocrinol. 8:21-30 (1994)). It is in this manner that the

physi ol ogi cal ER-agoni st, estradiol, exerts its_bialagi c%l activity in the
r epr oduct i W@urnek elestesit o dl Taxadiedy @doulCal s p$:érie @@ 7ard °8%d Peck,  Femal e

Sex Steroidg, t an N . o haphepdanendodd nol ogy,
Spri nger-Vg(r%iagg'?eqﬁee% %olr'kc&(%gegz; q%r?g(wqg'?ha:\@%m)d in. Invest. 89:74-78
(1992); Ealedr, ¢tolal En@aailretli .orf S5 9r$ES AJEP5) roFzkerman at Jkdi tion to
these actiyjtie st.r.qgen has,qhe to f | : 140080 i n nost
ER- posi ti vy%'e}ﬁfocca%é%r ce '?sl eﬁﬂu@%}tﬂr”gdt nefrﬁq'%egﬁrea%sﬁvwrﬂ%h I ncl ude
anti estrogemt iy eyt clooioreid ERsuEgen icyipo s tidaal idt,i @xexsfs est r ogen,

he. di seaseS SHRtP A MAI L Bhdgb e THRA G Lty SR Thbo0) -
Parker, Bregsqd (GantiyvdRsulas edfstet® 1@Lakd/ and Peck, Female Sex
Steroids:Receptors and Functions (eds) Monographs on
Endocrinology, Springer-Verlag, New York (1979); Chow
et al, J. Clin. Invest. 89:74-78 {1992); Eaker et al,
Circulation 88:1999-2009 (1993)).

In addition to these activities, estrogen has been
shown to function as a mitogen in most ER-positive
breast cancer cells. Thus, treatment regimens which
include antiestrogens, synthetic compounds which oppose
the actions of estrogen, have been effective clinically
in halting or delaying the progression of the disease
(Jordan and Murphy, Endocrine Reviews 11:578-610
(1990) ; Parker, Breast Cancer Res. Treat. 26:131-137
(1993)). The availability of these synthetic ER-
modulators and subsequent dissection of their
mechanism(s) of action have provided useful insights
into ER action. '

One of the most studied compounds in this regard
is tamoxifen {(Jordan and Murphy, Endocrine Reviews
11:578-610 (1990)). This compound functions as an
antagonist in most ER-positive breast tumors, put
displays a paradoxical agonist activity in bone and the
cardiovascular system and partial agonist activity in
the uterus (Kedar et al, Lancet 343:1318-1321 (1994):;



(1993)). The availability of these synthetic ER- nodul ators and subsequent

di ssection ig2 Mechani sn(s) of action have provided usefglr i &3heds
into .ER actﬁ%%?ﬁm% One of the nobst studied compounds in this regargﬂﬁs

tanoxi fen (Jordan and Mirphy, Endocrine Reviews 11:578-610 (1990)). This
compound functions as an antagonist in npst ER-positive breast tumors, but
di spl ays a paradoxi cal agonist activity in bone and the cardi ovascul ar
system and partial agonist activity in the uterus (Kedar et al, Lancet

343:1318-1321 (1994); - 2- Love et
al, New EngLové. ekbdl, 3RewSEAEL6 J.1922)., IA6:685-83l6, (A9D2) NtBswe Med.

Rt anox  RCcORp] BRPT o IPRAEAn A8 by Toc SR 3o H s | At ant
observati onthe hgoaRpaYantag@niiistdiagitien ty JORte HReRGkimdel s that hol d
that ER only exiats in the cell Jg an sotive or an'inactive stete (Oark
| observation is in apparent contradiction to long-
standing models that hold that ER only exists in the
cell in an active or an inactive state (Clark and Peck,
Female Sex Steroids:Receptors and Functions (eds)
Monographs on Endocrinology, Springer-Verlag, New York
(1979)).. It indicates instead that different ligands
acting through the same receptor can manifest different
biologies in different cells. Definition of the
mechanism of this selectivity is likely to advance the
understanding of processes such as tamoxifen.
resistance, observed in most ER-containing breast
cancers, - where abnormalities in ER-signaling are
implicated (Tonetti and Jordan, Anti-Cancer Drugs
6:498-507 (1995)). ' |
Using an in vitro approach, the likely mechanism
for the cell selective agonist/antagonist activity of
tamoxifen has been determined (Tora et al, Cell 59:477-
487 (1989): Tasset et al, Cell 62:1177-1187 (1990);
McDonnell et al, ‘Mol. Endocrinol. 9:659<669 (i995);
Tzukerman et al, Mol. Endocrinol. 8:21-30 (1994)).
Importantly, it has been shown that tamoxifen induces a
conformational change within ER which is distinct from
that induced by estradiol (McDonnell et al, Mol.
Endocrinol. 9:659-669 (1995); (Beekman et al, Molecular
Endocrinology 7:1266-1274 (1993)). Furthermore,

determination of the sequences within ER required for



Femal e Sex Steroids: Receptors and Functions (eds) Mnographs on

%ﬁ@%' nger-Verlag, New York (1979)). It indicat eévbg%sg%l?g@ t hat

Endocri nol o
different Ii

cting through the same receptor can mani &

biologies in different cells. Definition of the nechanismof this
selectivity is likely to advance the understandi ng of processes such as
t anoxi fen resi stance, observed in nost ER-containing breast cancers,
abnornmalities in ERsignaling are inplicated (Tonetti and Jordan,

Anti - Cancer

Drugs 6:498-507 (1995)) Using an in vitro approach,

li kel y mechajpassdmiptiitmaieldctsietiast iiveliagae diokanhagenisplecadtiiovi ty
t anoxi fen has been determ ned (Tora et al,,. | 59:.4 zf 487 (198%2' Tasset
g diffey d

et al, Cell
9: 659- 669 (
| mportantly,
change w thi
(McDonnel
Mol ecul ar

PO LeCRPEQY LRGS0 RS | -{L YERFESI A

en
)

BPPne KIIEN tBtarfdor i ionalde@idhigleryd: 21- 30 (1994)).

ent

wher e

t he
of

it has been shown that tanoxifen i nduces a confornmational

Sperr fiiade ¥ s idi frahdreen Ghanmatthatd e $omEadsts 4l

Eﬁatcf(%\ﬁawgg fzd;x{ja‘%%%é Ng{p_19: @RY- '%%1%9%%@(1%%@153%?& al,

term nati on of

no 6- 1274 (11993)). Furthernore,

t he sequencd¥ -t WhidhRpestiit dk dmteraction with the

transcription apparatus. The relative contribution of
these AFs to overall ER efficacy differs from cell to
cell (Tora et al, Cell 59:477-48B7 (1989); McDonnell et
al, Mol. Endocrinol. 9:659-669 (1995); Tzukerman et al,
Mol. Endocrinol. 8:21-30 (1994)). Estradiol was
determined to function as both an AF-1 and an AF-2
agonist, in that it exhibited maximal activity
regardless of which AF was dominant in a given cellular
environment. Tamoxifen, on the other hand, functions
as an AF-2 antagonist, inhibiting ER activity in cells’
where AF-2 is required or is the dominant activator
(Tora et al, Cell 59:477-487 (1989); McDonnell et al,
Mol. Endocrinol. 9:659-669 (1995); Tzukerman et al,
Mol. Endocrinol. 8:21-30 (1994)). Conversely,
tamoxifen functions as an agonist when AF-1 alone is
required (McDonnell et al, Mol. Endocrinol. 9:659-669
(1995); Tzukerman et al, Mol. Endocrinol. 8:21-30
(1994)). Subsequently, based on their relative
AF-1/AF-2 activity, four mechanistically distinct
groups of ER-modulators were defined; full agonists
(i.e. estradiol), two distinct classes of partial
agonists, represented by tamoxifen and raloxifene, and
the pure antagonists, of which ICI182,780 is a

representative member (McDonnell et al, Mol.
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transcriptional activity indicate how these specific |igand-receptor

conpl exes ar g’ % entially recognized by the cellular trans 4
machi nery. §§8 h&'@glly, it has been shown that ER contains tv%bﬁékﬁ3§4lon
domai ns, AF-1 (Activation Function-1) and AF-2, which permt its
interaction with the transcription apparatus. The relative contribution of

these AFs to overall ER efficacy differs fromcell to cell (Tora.et al
Cell 59:477-487 (1989) McDonnel | et al, Mol. Endocrinol. 9:659-669 (1995);

Tzukerman e Endagrd 1 30 r agli s determ ned
to functi ontEé’sAqf lﬁxoa%‘n Z;g%%rdan &A%]SZ) ‘a '%%\.?I?Qﬂan E?'%a%ﬂ’l ?ﬂdgy&i bited
maxi mal aCUBﬂdeﬁxnﬁm%ﬂaﬂziiﬁﬂ\Mﬁ&ﬂﬂ#%ivwmhehnnxﬁsultm provida ael |l ul ar

t. f th it h f t AF- 2 t t,
i bi g BEHARAA G RIS | PTEHITS i GRFERCAS GBminant

activator (e Wiloldgidal ladivikidB of 1950 | Emmmﬂtofé ahd Mol .
Endocrinol . 9:659- 669 (1995); Tzukerman et al Endocrinol . 8:21-30

(1994)). Coriveticate tt%)&‘?%ﬁ“%%’t%ﬁsbléswwthgﬁﬁn%Ee%EﬁsAPnl alone is

r equn r ed ( én1:ett Al gud®lis ERAOCTddIOl i c 21 § 659Ir§@e9:£§9§§§l¥TZEK%r man et
al , Endocri nol . 21-30 (1994)). Subsequent | based heir relative

AF- 1/ AF 2 a@gonist mvmmmmmmm oﬁ%’tmmféﬁ%i)s ®RCERA/DduUl at or s
ver e def | node dildea Sl fon oSt AOLY . 1410, L5 L ptegibasses of

partial agoni's represente anoxi fen an tox] f and the pure
antagon|stsraﬁledtsﬂthdﬂﬂiﬁbﬁ%ﬁhnﬁ rnrEmEesamt@dmmE1Wenbeac¢NtD@nnelI et
al, Mol. whole animals. This correlation does not extend to
bone, howéver, where estradiol, tamoxifen and
raloxifene, which display different degrees of
AF-1/AF-2 agonist activity, all effectively protect
against bone loss in the ovariectomized rat model.
Thus, with the exception of the steroidal pure
antiestrogens (ie, ICI182,780), all known classes of ER
modulators appear to protect against bone loss in
humans and relevant animal models, while they display
different degrees of estrogenic activity in other '
tissues (Chow et al, J. Clin. Invest. 89:74-78 (1992);
Love et al, New Engl. J. Med. 326:852-856 (1992);
Draper et al, Biochemical Markers of Bone and Lipid
Metabolism in Healthy Postmenopausal Women. In:C.
Christiansen and B. Biis (eds) Proceedings 1993.
Fourth International Symposium on Osteoporosis and
Consensus Development Conference, Handelstrykkeriet,
Aalborg; Wagner et al, Proc. Natl. Acad. Sci. USA
93:8739-8744 (1996); Black ett al, J. Clin. Invest
93:63-69 (1994)).



-4- Endocrinol. 9:659-669 (1995); Tzukerman et al, Mol.
Endocrinol. 8:21-30 (1994)). These results provide a nechanistic

expl anat i on WQP886% observed differences in the biol ogical aBETAPIY 6864,
some ER-nodul ators and indicate that the nechanism by which ER operates in
different tissues is not identical. Interestingly, the agonist activity
exhi bited by ER-nodul ators, such as estrogen and tanoxifen, in these in
vitro systenms reflects their activity in the reproductive tracts of whole
animals. This correlation does not extend to bone, however, where
estradiol, tanoxifen and r abUMMARKeQF WRHEhIWVEBNTEQNdi f f erent degrees of
AF-1/ AF-2 agoni st activity, all effectively protect against bone |oss in

the ovariectom zggg inkiEHioM iy e eXeePiingn of the steroidal
pure antiestrogens (ie, 1C 182,780), all known classes of ER nodul ators

appear to phsteadi figaitisin &R eeduletanmidadn@reel evant ani mal nodel s,
while they splay HifdAngNta 80 HRAS Honf HIRLGUG PG s I n ot her

tamoxifen. These modulators have application in the

treatment of a variety of estrogen-dependent diseases
and disorders, including breast cancer. These
modulators are of particular importance in the
treatment of breast cancers that are de novo resistant
to tamoxifen or that become resistant with treatment.
Objects and advantages of the invention will be

clear from the description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B. GW5638 is mechanistically
distinct from known classes of ER-modulators. The
human C3 promoter (-1807 to +58) fused to the firefly
luciferase reporter gene was transfected along with an
expression plasmid containing (Fig. 1A) the wild-type
human estrogen receptor (ERwt), or (Fig. 1B) a mutated
ER in which the AF-2 function had been disrupted (ER-
TAFl) into HepG2 cells and tested for transcriptional
activation in the'presence.of increasing
concentrations of ER-modulator as indicated.
Transfections were normalized for efficiency and cell
number by cotransfecting an expression plasmid
containing f-galactosidase. The normalized response
was obtained by dividing light units by the activity

of B-galactosidase as measured in an enzymatic assay.



tissues (Chow et al, J. din. Invest. 89:74-78 (1992); Love et al, New
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Black et al, J. din. Invest 93:63-69 (1994)).
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The present

i nvention is TrEgddaate Hrdnefedticasi varef pEREormed at oFket dataare

mechani sti ca
nodul ators h
performed under similar conditions.

o] S S SO HLOLE RUED: 3P| BUBELL RO These

Figures 2A-2C. GW5638 and GW7604 oppose the

agonist activity of estradiocl, the partial agonist

activity of tamoxifen and the inverse agonist activity
of ICI182,780. Fig. 2A. The ability of GW5638 or
GW7604 to inhibit the agonist activity of 107%M 17-8-

estradiol or the partial agonist activity exhibited by

107%M tamoxifen was assessed in HepG2 cells

transfected with ERwt. Fig. 2B. The ability of
GWS638 or GW7604 to inhibit the agonist activity of

10" 17-B-estradiol or the partial agonist activity

exhibited by 10™®M 4-0OH tamoxifen was assessed in
HepG2 cells transfected with ER-TAFI (McDonnell et al,
Mol. Endocrinol. 9:659-669 (1995)). Fig. 2C. Both
GW5638 and GW7604 can inhibit the inverse ER-agonist
activity of ICI182,780 (ICI) manifest on the C3

promoter when assayed in HepG2 cells at the

concentrations indicated. Transfections were

normalized for efficiency and cell number by

cotransfecting an expression plasmid containing B-

galactosidase. The normalized response was

obtained

by dividing light units by the activity of B~

galactosidase as measured in an enzymatic assay.

Representative assays are shown in which triplicate

transfections were performed. Error bars represent

the standard error of the mean (SEM).



treatment of a variety of estrogen-dependent di seases and di sorders,
I ncl udi ng breast cancer. These nodul ators are of particular inportance in
t he treat meWO #086%2cast cancers that are de novo resistant tRCVEBSAMISR®N or

t hat becone resistant with treatnent. bj ect s and advant ages of the
i nvention will be clear fromthe description that follows.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gures 1A and 1B. GW\6638 is

mechani stically distinct fromknown classes of ER-nodul ators. The human
C3 pronoter (-1807 to +58) fused to the firefly |luciferase reporter gene
was transfected almighsedd [BArand)X3dB esEWF6 I8 e b cttntagaiingr (Bomge 1A) the
w | d-type human estrogen receptor, (ERM), or (FEig. 1%? a nutated ER in
whi ch the AF-EPS%indt iORHEFIREFRA sFafpted iR 3AFArBEfiesto Hep®@ cel I's and

tested for tr@fsgdd R¥d WiHe mAGIdNAL idUhd ity hMYeSNGh O Undeasi ng
concentrations of ER-nodulator as indicated. Transfections were nornalized
for effici endgPidd delilédnsemenswnd asinetdusd &T%®%r essi on pl asmi d

contai ni ng [%Héaﬁ?éf@&é«}if.asemeﬂﬁﬁﬂﬁ%&g@f JEMYE £ e Al fed by
dividing light units by the activit of [err]-gal actosidase as nmeasured in
an enzymatic BMkdetween OVX and treated rats was detegmined using

Dunnets's test (*p< 0.005). The range of the bone

mineral densities observed in Sham (shaded bar) and

OVX (open bar) animals are indicated. Fig. 3B. The

effect of GW5638 on BMD at the proximal metaphysis of

the tibia in OVX rats was measured by quantitative

computerized tomography (QCT). The significance of

the difference in BMD between OVX and treated rats

{indicated by the asterisks) was determined using the

Turkey-Kramer test (p< 0.03).

'?igure 4. GW5638 suppresses ovariectomy-induced
elevations in serum cholésterol. Serum cholesterol
measurements were performed in blood extracted from
groups of 90-day old ovariectomized rats which were
treated with either estradiol or GW5638 as indicated.
Each point represents the mean serum cholesterol
(+ SEM) for OVX control (n=7), estradiol (n=7) and
GW5638 (n=75 as indicated. Asterisks indicate groups
significantly different from the OVX control. The
range of serum cholesterol in OVX animal are indicated

(open bar).

Figure 5. GW5638 does not display ER agonist

activity in the immature rat uterus. Groups of 21-day



Triplicate transfections were performed. The data shown are representative
of nmultiple experinents perfornmed under simlar conditions. Fi es
2A-2C. OGN\ BBBI%N8B2CW 604 oppose the agonist activity of est PQHW?”%é
partial agonist activity of tanoxifen and the inverse agonist activity of

| C1 182, 780. Fig. 2A. The ability of GAb638 or GAF604 to inhibit the agoni st
activity of 10[err]M 17-[err]- estradiol or the partial agonist activity
exhi bited by 10[err] M tanoxifen was assessed in Hep& cells transfected
with ERmt. Fig. 2B. The ability of GA6638 or GW604 to inhibit the agoni st

activity of o1Q[ eatkMukte] @iridatesd reueh iy ofithee indidy atetaigule sdlanej vity
exhi bi ted b\éw%OEerr] M 4- OH tanoxi fen was assessed i w&% cells

t r ansf ect edCHPPRBERXTARMOXNCISIhfet 1S EILR  29#Its B .°%: 659- 669 '
(1995)). Fi  £BQt ALV 604 Caprddiiibi t e ddwer sRowir- agoni st
activity of QF&%%@"E %83“8‘6%%3%rmni fr?g on ?he C3 pronoter when assayed in
HepG2 cel | s raprelsentobenmesn rsluad(t 3B - TrHREANRIDN® were nornal i zed

for efficie I rs yeﬁpi L W0 EN SxdU &S ShOP) Phagm d

cont ai ni ng ﬁ%ﬁéﬁfﬂ%ﬁ%‘f\?ﬁ géé{%:sle&) e %@ﬁ%ﬁéﬁ%‘% es(p‘onse was ol)t ai ned by

di vi di ng | i ghamuopesalined e imalsi (gped Har)y |argainticrierise as nmeasured in
an enzynmati c assay. Representative assays are shown in which triplicate

t rar_lsf ections V\erFelg%Ei\:ref %r;necbe.EéégroPa&ﬁSg.?grgr?et%erine. wet weight

in ovariectomized rats. Groups of sham-operated or

ovariectomized 90-day old rats were treated for 28 days
with vehicle alone, estradiol or GW5638. The results
shown represent the mean uterine wet weight (+ SEM) for
7 rats per group. The range in measurements made in
sham operated {shaded bar) and OVX (open bar) animals

{open bar) are indicatea.

' Figures 7A-7F. Effect of GW5638 on uterine
histology in ovariectoﬁized rats. Comparative
histoiogy {Low Magnification) of uteri from 90-day old
rats which were (Fig. 7A) sham-operated, (Fig. 7B)
ovariectomized, (Fig. 7C) ovariectomized plus
estradiol, or ovariectomized plus (Fig. D) 1lung/kg,
(Fig. 7E) 3um/kg or (Fig. 7F) 10pg/kg of GWS5638.

Figures 8A-8D. Efféct of GW5638 on uterine
histology in ovariectomized rats. Comparative
histology of uteri from 90-day old rats which were
(Fig. 8A) sham-operated, (Fig. 8B) ovariectomized,
(Fig'. 8C) ovariectomized plus estradiol, or
ovariectomized plus (Fig. 8D) 10um/kg of GW5638.



t he standard error of the nmean (SEM. _ -7-

Fi gures 3A and 3B. GANb638 protects against bone 1loss in ovariectonm zed
rats. Fig. JOOPE8Lt of GWF638 on bone nineral density (BVBFTASI¥|S64

| unbar spine (L1-L4) was neasured using dual x-ray absorbtionetry. The
significance of the difference in BMD between OVX and treated rats was
determ ned using Dunnets's test (*p[err] 0.005). The range of the bone

m neral densities observed in Sham (shaded bar) and OVX (open bar) aninmals
are indicated,

Fi g. gB. The effec f §¥5638, n BMD at the proxim
met aphysi s o?h°FH€%PP Pa ek SoFR o8 & éo_ Tegpre lﬁ?tdﬁganthive
conput eri zed shpFRghARRY Y @rlbrghie t3 aniffinganae gafi £ildae idinf foFr eguax j n BMD
between OVX and treated rats i ndi cated by the asterisks) was determnm ned
usi ng the Turkey-Kramner testf&p[err] 0.05).
Figure 9. Effect of anti-estrogen treatment on
MCF-7 breast cancer tumors in nude mice. Day 0
. indicates the first day of treatment, 2 weeks after

innoculation of tumors, statistical analysis revealed

that each treatment group had a significané effect over

control (ANOVA, p<0.5) and there was no significant

difference between the two highest doses of GW5638 and

tamoxifen.
Figure 10. Dose respcnse study.
Figure 11. LCC2 study.

Figure 12. GW7604 functions as an antiestrogen in.

MCF-7 breast cancer cells.

. Figures 13A and 13B: Analysis of the effect of
specific ER mutations on the pharmacology of
antiestrogens reveals additional mechanistic

complexity. Fig. 13A. ER wt. Fig. 13B. ER-TAFl.

Figures 14A and 14B: A comparative analysis of
the ability of a variety of antiestrogens to inhibit
ERae (Fig. 14A) and ERB (Fig. 14B) transcriptional

activity.

Figures 15A-15C: Western immunoblot analysis of
ER expression in target cells following treatment with
agonists or antagonists. Fig. 15A. MCF-7 cells.

- 10 -



Figure 4. GAb638 suppresses ovariectony-induced el evations in serum

chol est erol chol esterol neasurenents were perfornmed in bl ood
extract ed f%‘ﬁ%%’bs of 90-day ol d ovariectonized rats whi cKCHEE8468841 e

with either estradiol or GA6638 as indicated. Each point represents the
mean serum chol esterol (+ SEM for OVX control (n=7), estradiol (n=7) and
GWNB638 (n=7) as indicated. Asterisks indicate groups significantly
different fromthe OVX control. The range of serum chol esterol in OVX

ani mal are igdi cat ( : RLgur e qﬁ§§ e di spl ay
ER agoni st gg’t i'v?’tsg?d'i n tﬁe %tcuﬁlelsrht %’?‘%r u]éssc‘Gr oupsf)’gaf“'q%le(ceig;g
- 8- transflettrest svitdy @RITBHRRd orally with either vehicle al one,

G638 or tanoxifen as single agents or GA6638 or
Figures 16A and 16B: Western immunoblot analysis

of endogenous ER expression in MCF-7 cells following
short term treatments (Fig. 16A. lh and Fig. 16B. 4h)

with agonists or antagonists.

Figures 17A and 17B: Western immunoblot analysis
of endogenous ER expression in Ishikawa cells following
short term treatments (Fig. 17A. 1h and Fig. 17B. 4h)

with agonists or antagonists.

Figures 18A-18C: Western immunoblot analysis of
whole cell (Fig. 18A), nuclear (Fig. 18B) and
cytoplasmic (Fig. 18C) endogenous ER expression in
Ishikawa cells following short term treatments with

agonists or antagonists.

Figures 19A-19C: Effect on E2 stimulated MCF-7
cell proliferation. Fig. 19A. ICI 182,780. Fig. 19B.
GW7604. Fig. 19C. 4-0OH tamoxifen.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to selective
estrogen receptor modulators that possesses tissue-
specific ER agonist activity. The modulators of the
invention function as agonists in bone and in the
cardiovascular system, but not in the uterus. These
modulators are mechanistically distinct from, for
example, tamoxifen and are useful in the treatment of

_.11_



tanmoxi fen in the presence of estradiol. The data shown represent the nean
tradi ol treat

val ue ([err‘lf &Q The range in neasurenents nade in es
(shaded bar 0 3%/pS681,

ed
am operated ani mals (open bar) are indi Cgf?g‘&l598/16864

Figure 6. Effect of GW638 on uterine wet weight in ovariectom zed rats.
G oups of shamoperated or ovariectom zed 90-day old rats were treated for

28 days with vehicle alone, estradiol or GAN6638. The results shown

represent the mean uterine wet weight ([err] SEM for 7 rats per group. The

ani vl S (opaN ey A he bReage OREEL B b ORESEL %8R JRELPYGe

uteri ne hi shotasly tumowsy i ehanactemzadsbycdﬁpaoaoime M:qubregy (Low

Magni fication), of uteri from 90-day old rats which we
sham oper at €851g%RRce 789 BIBLPUS! SﬁFfeaen( EPgePyey ‘B?‘é

open bar)
GA6638 on

?4@5? ﬁ?zed pl us

estradiol, mcm@mﬁtm:zgﬁeal USThEI prebent| a6ahUdkdrs (&kg. aTBp 3[err] m kg

A

from 90- dayiddxifaes avdchCciese, fB0g. 8A) sham operat ed,

ovari ectom zed, Fé@eﬁ-%%( r%&%agégg\ 5%dt8eu§n$§££f‘gﬁ°£re°r ovariectom zed

plus (Fig. 8D) 10[€érr
trlphenylethylene derivatives, more preferab

compounds of Formula I as defined in USP 5,6
GW5638 and derivatives thereof such as GW760
most preferred. These compounds can be prep
described in USP 5,681,835 and by Willson et
Med. Chem. 37:1550 (1994)). The modulators

pharmaceutically acceptable salts with catio
including alkali metals, such as sodium and

or alkaline earth metals, such as calcium or magnesium,

cations.

D0 L FERRRE , Eromara SR ERnd o RERL HLEEPSSy of ure

%lﬂ¥§ 6PGgy of uteri

(Fig. 8B)-

ly
81,835,
4, being
ared as
al (J.
can form
ns,

potassium,

The modulators of the present invention can be

-9-

used in the treatment and/or prevention of a variety of

disorders or conditions, such as estrogen-stimulated

cancers, including uterine cancer, ovarian cancer,

colon cancer and breast cancer, cardiovascular disease

(in males and females), osteoporosis and arthritic

conditions. Other disorders or conditions for which the

modulators of the presenf invention are useful (for

both treatment and prevention) include prostatic

cancer, infertility (eg as an inducer of ovulation),

vasomotor symptoms associated with menopause (eg "hot

flashes"), vaginitis, benign proliferative disorders

including endometriosis and uterine fibroids, Type II

diabetes, macular degeneration, urinary incontinence

and Alzheimer's disease (cognitive function).

- 12 -
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Phot ogr aphs were taken at 150X nmagnification and subsequently enlarged to a
final magnif{icati of 600X Figure 9. Effect of anti-

t r eat ment o&hﬁgﬂkg reast cancer tunors in nude mce. Day O ?ﬁ%ﬁ%%@@@“?he
first day of treatment, 2 weeks after innoculation of tunors, statistical

anal ysis reveal ed that each treatnment group had a significant effect over
control (ANOVA, p<0.5) and there was no significant difference between the

two hi ghest doses of GAb638 and tanoxifen. Figure 10. Dose response
st udy. %ﬁ%é@c ldiVean be ust@ULs déntfYEEPE LdackioNs as an
antiestrogeﬁqam - [/ breast canc%ﬁncé?lg. FlguresﬁlﬁA and 13B

Anal ysi s of femal&s.ect of specific ER mutations on the pharmacol ogy of
anti estrogens revwaahg1addid | ONedr NEEORNESE | ExSRPDESXERNE EbUloW3A ER wt.
0. 138 ERUEY and deddvilfres halSofBe nEONRAI 2L ¥E 3001 YS! s of
unique modulators. These agents axe expected to be
superior to, for example, tamoxifen as a first line
therapy and as a chemopreventative for estrogen-
stimulated cancers, particularly, breast cancer, as
they lack uterotrophic activity. These agents have no
classical activity on ER and therefore it is
anticipated that they will not induce resistance to the
same degree as current compounds. Further, these
agents can be used to treat patients that respond
poorly to other estrogen receptor mcdulators, including
tamoxifen, idoxifene, raloxifene and ICI 182,780, as
well as those that initiaily respond well to such
modulators but subsequently £ail. In view of the
mechanistic uniqueness of the present agents, it is
expected that their usage will not result in adverse
side effects, such as deep vein thrombosis.
Because of the unique mechanism of action the
present modulators, their use as a component of a
therapeutic "cocktail", particularly for the treatment
of breast cancer, is also contemplated. 1In this
regard, the present modulétdrs'can be used in
combination with another antiestrogen, a ligand of the
retinoic acid or retinoxic X receptor, an antiprogestin
such as RU486, an antiandrogen such as casdex or
flutamide, vitamin D (or metabolite thereof), a

. farnesyl transferase inhibitor, a PPAR & or gamma

agonist or a MAP kinase inhibitor.

- 13 -



the ability of a variety of antiestrogens to inhibit ERerr] (Fig. 14A)‘
and ER[err]. (Fig. 14B) transcriptional activity. Fi gures, 15A-1 g:
oSBT iAs g

Western i 8‘%malysis of ER expression in target cel I s PESYSSHA
treatment with agonists or antagonists. Fig. 15A. MCF-7 cells.

- 10 - Fig. 15B. Ishikawa cells. Fig. 15C Ishikawa cells
transfected with pRST7ER Fi gures 16A and 16B: Western i nmunobl ot

anal ysi s of endogenous ER expression in MCF-7 cells follow ng short term

treatments (Fig. A Fig. . 16B h); .\ Yo loc]! I | sts.
Fi gures 17A and 1%%: 1né2§t%g%ﬁl ia?f)rcr’uvr%dbftclglté é%‘gehgﬁgﬁqghg%gg‘g&gngﬁéggﬁ
expr essi on i afl thekprneseat! sodyllagwingg in prophylaxis as well as in

the treatment of established diseases or symptoms. The
amount of the modulator required for use will vary with
the condition (disease/disorder) and the age and
condition of the patient, and will be ultimately at the
discretion of the attendant physician (or veterinarian
in the case of veterinary applications). In general,
however, doses employed for adult human treatment will
typically be in the range of 0.001 mg/kg to about 100
mg/kg per day. The desired dose can conveniently be
presented in a single dose or as divided doses
administered at appropriate intervals, for example as
two, three, four or more sub-doses per day.

The present invention alsoc includes pharmaceutical
compositions comprising the above-described modulator,
or a pharmaceutically acceptable salt thereof, together
with one or more pharmaceutically acceptable carriers
and, optionally, other therapeutic and/or prophylactic
ingredients, including those described above.

Formulations of the present invention can be
administered in standard manner for the treatment of
the indicated diseases/disorders, such as orally,
parenterally, sublingually, transdermally, rectally,
via inhalation or via buccal administration. For
buccal administration, the composition can take the
form (eg dosage unit form) of a tablet or lozenge
formulated in conventional manner. For example,
tablets and capsules for oral administration can
contain.conventional excipients such as binding agents,
fillers, lubricants, disintegrants and wetting agents.

- 14 -



short termtreatnents (Fig. 17A. 1h and Fig. 17B. 4h) with agonists or
ant agoni st s, Fi gures 1A-18C. Western i mmunobl ot anal y§j e
cel | (Fig. WOAY8&¥c|ear (Fig. 18B) and cytoplasnic (Fig. 18 ’é’%%”é%%ﬁ“oug
ER expression in Ishikawa cells followi ng short termtreatnents with

agoni sts or antagoni sts. Figures 19A-19C. Effect on E2
stinul ated. MCF-7 cell proliferation. Fig. 19A. 1Q 182,780. Fig. 19B.
GW604. Fig. 19C.  4-CH tanoxifen. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON T resent i nventi rel S t ogen

recept or rm'HGPaFBP’gegﬁaFaBo??ef?@gtetaqs?scucéj?é&sli}eéciquol gtle%éda%%m S iéct ivity.
ThedUDdU|at?h&wﬁfihhehbnaemtion function as agonists in bone and in the

cardi ovascul ar syste iR dToskd s are

mechani stically é‘ﬁ‘é?%@?g}'reo n’ ft(rglre gﬁﬁp%ﬁ%%?ﬁen‘ an_dsaéa% useful in the
treat ment ofinvention cant beprdgicasmstratedrint? QadorlsdPrrdicul arly ER

positive breast tUuigLss SRMAGLHARLY e SoMp Aspaiidred,
solutions, emulsions, syrups or elixirs. Moreover,
formulations containing these modulators can be
presented as a dry product for constitution with water
or other suitable vehicle before use. Such liquid
preparations can contain conventional additives such as
suspending agents, emulsifyihg agents, preservatives
and non-aqueous vehicles.

Such preparations can also be formulated as
suppositories, e.g., containing conventional
suppository bases such as cocoa butter or other
glycerides. Compositions for inhalation can be
typically provided in the form of a solution,
suspension or emulsion that can be administered as a
dry powder or in the form of an aerosol using a
conventional propellant such as dichlorodiflucoromethane
or trichlorofluoromethane. Typical transdermal
formulations comprise a conventional aqueous or non-
aqueous vehicles, such as creams, ointments, lotions or
pastes or are in the form of a medicated plaster, patch
or membrane. ' | _

Additionally, compositions the present invention
can be formulated for parenteral administration by
injection or continuous infusion. Formulations for
injection can take such forms as suspensions,
solutions, or emulsions in oily or aqueous vehicles,
and can contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. Altermnatively,

- 15 -



resi stance to various estrogen receptor nodul ators, including tanoxif en.

The present ors are also nechanistically distinct fr Lf ene,
droloxifenevgﬁgébﬁ%ene and |1 Cl 182, 780. Preferred nodul !%ﬁs{ e

i nvention are triphenyl ethylene derivatives, nore preferably conpounds of
Formula | as defined in USP 5, 681, 835, GAb638 and derivatives thereof such
as GAWF604, being nost preferred. These conpounds can be prepared as
described in USP 5,681,835 and by Wllson et al (J. Med. Chem 37:1550

(1994)). The podul ators,can form pharnaceutical |y acceptable salts with
cations, incFifi AGELYRaINIREHAPRE EBBHgﬁsl§oH? €n§°58t§§§iun1 or alkaline
earth met al scofgehcasicnl @itm ar stRgabseuehialéons.g., stdbelapdul ators of
t he present inventioP can bg u?eﬁ %n the treatnment and/or prevention of a
variety of dPE¥bPIEPs-brecBRAUFE! 0§ CEtcHSSs estrogen-stinul ated cancers,

i ncl udi ng ut eri neThancemposiaibanacaoedingcbbdobhe aimeentibdnbeeast cancer,

car di ovascul; i i es_and I €egQpor 0§J.S;.a rthritic
condi tions. %%ﬁ§r§§?€§¥§%?§g§b §Sn§i?%§§§ ﬁg%pﬁggéﬁgﬁhe §%§B|§§8§s of the
present inveactbngafermgbitiionsocabobh adwanienereddbyr émphanoakiomc| ude
prostatic ca y od 1] I gdu hOn) ..V not or
synpt ons assg§§§tiﬁgﬁf%%'n§%%8g§§8@?3§ﬂyh§? ?ﬁgﬁ%@%gi##ggiggi?Fs,?genign
proliferativéngraspeerkarntnierhgorndobeepreinglundthecrpaslatprsi ds, Type

|| di abet es, offieghé ainGleRENShaLARANbe UELPRLYaEBEORE tREBGE 8B Al Zhei ner' s
di sease (cognrilve functlgn ; Eg£the&éterials (as an emulsion in - 12
. polymeric or hydrop ic

an acceptable oil, for example), ion exchange resins or

as spariﬁgly soluble derivatives or as a sparingly

soluble salt, for example.

The identification of GW5638 and GW7604 as agents
devoid of classical agonist activity indicates that
compounds that "activate" ER (that is, compounds that
cause ER to be released from heat schock proteins) and
that also do not cause ER degradation, can be used in
the treatment of osteoporosis. The discovery of the
inability to split the osteoporotic and
cardioprotective activities of GWS638 and GW7604
indicates that any compound that binds ER and has
either activity (osteoporotic or cardioprotective) will
also have the other. _

Certain aspects of the present invention are
described in greater detail in the non-limiting

Examples that follow.

EXAMPLES

The following experimental details are referenced

in specific Examples that follow.
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the present conmpounds can be used as contraceptives in fenales.
wll be clear fromthe Exanples that follow, GA638 and deri yat r eof
are nmechani ¥Q ¥43¢ uni que nodul ators. These agents are expegggé%$@"%g?
superior to, for exanple, tanoxifen as a first line therapy and as a
chenopreventative for estrogen- stinulated cancers, particularly, breast
cancer, as they lack uterotrophic activity. These agents have no cl assi cal
activity on ER and therefore it is anticipated that they will not induce
resistance to the sane degree as current conpounds. Further, these agents
can be usedH&them#C§k§|ents that respond poorly to other estrogen
receptor modul at G 4! ek 081 LAEDSA | E8zyhE9XiE BBEobEaL A¥H epemand | C
182,780, as well as those that initially Tespond well to such nodul ators
but subsequQQHFﬁQQQI M&p@h%Mmoflﬂﬁéaﬂéﬁﬁhh$stIQ)unNaUeﬁégéaBﬁ'the pr esent
agents, it oety! J2afoliebh 68ko! CohhiLBnddyense Side
effects, suc ee veln hro oSl s. cause of the unique mechani sm
of action1%G£qﬁnﬁﬁﬂﬁabmmh¢@mﬂrseagaet$ ase bgﬁa eshpadénl dEz2h t herapeutic
"cocktail " artlcul rl o] ty, r ca | | so
contenplate§P5?139ﬁ ?%%éf ré?hgiéresgg? %lPaf@§i cagE gaaégg%in

was a gift from Zeneca Pharmaceuticals, Macclesfield,

United Kingdom. Raloxifene was a gift from Pfizer
Pharmaceuticals, Groton, CT. 4-0OH tamoxifen was a gift
from Ligand Pharmaceuticals (San Diego, CA). GW5638
and GW7604 were prepared as described previously
{Wilson et al, J. Med. Chem. 37:1550-1552 (1994)).
Antibody H222 is available from Abbott Laboratories.

Cell culture and cotransfection assays

HepG2 cells were maintained in Modified Eagles _
Medium (MEM) (Life Technologies, Grand Island, NY) plus
10% Fetal Calf Serum (FCS) (Life Technologies). Cells
were plated in 24 well plates (coated with gelatin) 24
hours prior to transfection. DNA was introduced into
the cells using Lipofectin (Life Technologies).
Briefly, triplicate transfections were performed using
3 pg of total DNA. For standard transfections, 500 ng
of pCMV-B-Gal (normalization vector), 1500 ng reporter
(variable) and 1000 ng receptor (pRST7-hER (Dana et al,
Mol. Endocrinol. 8:1193-1207 (1994)) were used for each
triplicate. Incubation of the cells with Lipofectin
proceeded for 3 hrs, at which time media was removed,
cells were washed with PBS and then induced with the

appropriate hormone diluted in phenol red-free media

- 17 -



conbinatio; W th another antiestrogen, a ligand of the retinoic acid or
retinoxic receptor, an antiprogestin such as RU486, an an such
as casdex 3YOPYRR68hi de, vitam n D (or netabolite thereof), gkﬁgg%§§§$4
transferase inhibitor, a PPAR [err] or ganma agoni st or a MAP ki nase
I nhibitor. - 13 - As
i ndi cated above, the invention includes the use of the present nodul ators
in prophylaxis as well as in the treatnent of established diseases or
synmptons. The anmount of the nodul ator required for use w] vary with the
Olnfh LI onI gcbm{&asezlldugsdto&edﬂ)ha&’r?@at & tEgeRat %n@qu]d?’f’%fnﬁe patient, and
Wi e ultina i t t or
veterinari a&rﬁcﬁl ){:el%glayel%o veter |ér2;brd;/ﬂta rn%%a%flgg hﬁ]'y%e%te?gl ( however ,
doses enploy&dchoma&ﬂd1wdnan%y&ed%ﬁndnﬁ5&ﬂ¥¢dt@ﬂﬁ(: Q§ﬁQ%?$% 2ng range of

8e001 Mg/ kg to tos;d%srgg/ kcgc:LRrelrtfaaYs Peevij&?élfddéjsoéﬁk‘}@@ conveni ently
(Norris et al, JBC 270:22777-22782 (1995)).

Uterotrophic assay in immature rats

Twenty-one day old female Sprague—Dawléy rats (30-
35 gms) were obtained from Harlan or Taconic
Laboratories. Animals were sorted randomly into
treatment groups of five, and average weights were
recorded for each treatment group. Weights were
recorded on each treatment day. GW5638 or tamoxifen
was prepared in 100% ETOH as a 1Ox stock solution and
stored at -70°C until day of dosing. On day of dosing,
drug;was diluted in 0.5% methyl cellulose, viscosity of
2% at 25°C:400 centipoises (Sigma, St. Louis, MO)).
Oral dosing by gavage was based on a total volume of 10
ml/kg body weight. Estradiol (Sigma, St. Louis, MO)
wés prepared in sesame oil, mixed in a glass homogenize
{either dissolved or in suspension), aliquot and frozen
at -70°C until dosing. Subcutaneous dosing was based
on a total of 2 ml/kg body weight. Animals were
gavaged (GW5638) or.injected (estradiol) for 3 days.
On day 4, animals were sacrificed by C0; asphyxiation,
body weights were obtained and uteri were removed,
blotted and weighed. Data were expressed as uterine
weight/body weight.

- 18 -



presenth ip a singIF dose or as divided doses adm nistered at appropriate
I nterval s or exanp e as two, three, four or nore sub-doses

The present“ﬁQR?éqqfq on al so includes pharnaceutical conpositi S‘r??”csg%“rsf‘s. ng
t he above-descri bed nodul ator, or a pharmaceutically acceptable salt

t hereof, together with one or nore pharnaceutically acceptable carriers
and, optionally, other therapeutic and/or prophylactic ingredients,

i ncl udi ng those descri bed above. Formul ati ons of the present invention
can be adm nistered in standard manner for the treatnent of the indicated
diseases/di$Qﬁ@9w&néﬂai1déhﬁ&ﬁ&lgtu@ﬂeenteralIy, sublingually,

transdermal Iy, rectall Vi a |nhalat|o or v cal _a |on For
buccal adn1n|straﬁ4%ﬂF£QH¥§¥@%ﬁ$6§?Fron 5ﬁgP§EB AR %6dos ge unit

form of a tpblgle OrudZelestRerubadedith £9o7PROLanal (manner For
exanpl e, tablets and capsules for oral adm nistration c?
cont ai n. convavduainin exdt plahnterarfehs BVAALRGLAELARS, (PYX) ePL,

[ng'?ants’éﬂéﬂrgﬁgyéﬂgé 8¢y Wehyi Pn@8RNYSassigned to groups

(n=7) treated from day 1 to day 28 post-surgery by oral
gavage with vehicle alone, estradiol or GW5638 in 0.5%
methyl cellulose. At sacrifice, animals were
euthanized with C0,, body weights were recorded and the
uteri were removed and weighed. Uterus, vagina and
mammary tissue were fixed in 10% neutral buffered
formalin. Samples for histologic processing were taken
from the mid-point of each uterine horn. Tissue
samples were embedded in paraffin, stained with
haématoxylin and eosin and evaluated microséopically.
Lumbar vertebrae and both left and right tibiae were
excised. Total blood cholesterol was measured (Roche

Biomedical Laboratories);

Dual energy X—ray absorptiometry (DEXA). A
Hologic QDR-2000 bone densitometer with a regional
high-resolution software package was used for DEXA
analysis. Default scan length, width, line spacing and
point resolution were set at 2, 0.75, 0.01 and 0.005
inches, respectively. The densitometer was calibrated
daily using a hydroxyapatite spine platform. Excised
tibiae were placed in a 1 cm deep water bath with tibia
and fibula positioned horizontally. For in vivo scans,
rats were anaesthetized with isofluorane and placed in

a supine position with the spine parallel to the long
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The tablets can be coated according to nethods well- known in the art.
Alternatively, the nodul ators of the present invention can he_incQqr at ed
into oral |wWQWPE8E32eparati ons such as aqueous or oily susper?sq%ﬂ??/le%‘

sol utions, enulsions, syrups or elixirs. Mreover, fornulations containing
t hese nodul ators can be presented as a dry product for constitution with
wat er or other suitable vehicle before use. Such liquid preparations can
contain conventional additives such as suspendi ng agents, emnul sifying
agents, preservatives and non-aqueous vehi cl es. Such preparations can
al so be for nakhs edf asheuggositomeser safle.coRbai AcAy d6AvEAS &agped

suppository bases_such_a bytt 0 het ;g ¥¢erhdes apTYUTRER{ ti ons
for inhal atidh B%ﬁlgéo?yé?%gﬁﬁglp#%vﬁégd&Fnht%%lgo¥%1gr a ?olution,
suspensi on othenuisianwhbascaaneke tadirhei Juecsédoas wa tlr ghgok@®uror in the

form of an aerosol using,a,_convent,i | .pr | | S
dichlorodiflﬁoF%ﬂ%?ﬂaﬁg thFFﬁéﬁlé?@ﬁ?u&goggﬁhggggaTﬁggca Yz er mal
f or mul at i onsy¢ERPELBErageeRUeNisioFtalaraquEatusingnon- aaqueausidshi cl es, such

as creans, ointnments, |otions or pastes or are.in the formof a medicated
pl aster, pat&an@rPREADRARE. 3 mm J%ﬁﬁ i&ﬁbF%f,958ﬁ%gspgﬁﬁﬁ§ t he present
i nvention can be fornul ated for parenteral adm nistration by injection or

conti nuous i nfusi gpr;pREFAlIAGURME Fort v @PrpUteehtdmterapigh forns as
suspensi ons, solutions, or enmulsions in oily or aqueous Vehi%%ﬁﬁﬁ and can
contain formiP@EBy afEnsSsadsciesrs PeIFOTIeY OnsaFQGTzi (XS T ’

di spersing agenignqafN t eERAL Y ¥ive millimeter sections were
scanned Qith a voxel size of E (0.148 mm) and a step of
0.5 mm. A 3-5 mm section distal to the growth plate
was analyzed using contmode, 2/peelmode, 5/cortmode.
Measurements of total, trabecular and cortical bone
mineral density were obtained. The excised tibiae were
placed in a 1 cm deep water bath with the tibia and
fibula positioned horizontally to ensure that the bone
could be scanned vertically. Rats were anaesthetized
with isofluorane and the leg positioned so that the
image of the femur-tibia and tibia-fibula junctions on
scout view could be located and utilized as landmarks

for CT scans.

EXAMPLE 1

Identification of Novel ER-Modulators

A series of in vitro screens have been developed

that permit the classification of ER-modulators into
four mechanistically distinct groups (Tzukerman et al,
Mol. Endocrinol. 8:21-30 {1994)). Specifically, an
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the active ingredient can be in powder formfor constitution with a
suitabl e veRyglogogRz 9., sterile, pyrogen-free water) before 31§@T/US98/ 68‘;I'he
conposi tion according to the invention can also be formulate

preparation. Such long acting fornulations can be adm nistered by

i npl antation (for exanple, subcutaneously or intranuscularly) or by

i ntranmuscul ar injection. Accordingly, the nodulators of the invention can
be fornmulated with suitable polynmeric or hydrophobic nmaterials (as an
ermul sion in an acceg} hl.e o [es r as

sparingly solﬁﬁag(}rl tﬁ%ﬂﬁ?Qéfaggg %5%?%n§?§g§% h%?%ggaf? wB&F exanpl e.
The identifi catel @bidfitG\EEBG armndhtd 4t asragebase dehvei d of cl assi cal

t t a a ate that is,
2gﬁggﬁndgcthg?k%§%§g!5%%()%&3re fggdgfrtﬁgh%%fré%%%cﬁe%P%?gﬁxg) and t hat
al so do not comdemRdedr all}) @Eronerebeissevalnated imeiahaepreséncte .

t or osi s o £l r t poggti c an
car di bpr ot eobLve e, MY e MR IRk I o Fleprof OPRAPP ok
conpound t hattASilndsrERNRh Hee eAEh%rf%ﬁwx@yh@sbmod@stmmd
car di opr ot ectugiely \Mdelsealéé%iiﬁé/e ihensd r@éene%ossﬁﬂé s &‘éi’f:‘fl Ls of the

e

sent invention are describ i n greater In the non-lImting
pre‘ "fingerprints" of knowg ER-modulators (McDonnell et al,
Mol. Endocrinol. 9:659-669 (1995)). Although these

assays do not reflect exactly the environment of ER in

"d

vivo, the performance of compounds in these assays is

sufficient to separate them into groups, each of which
manifests unique activities in vivo.

A series of triphenylethylene derived ER-ligands
were synthesized (Willson et al, J. Med. Chem. 37:1550-
1552 (1994)). Preliminary analysis of these compounds
in vivo indicated that the relative activities of these

compounds in bone and in the uterus were not identical,
reflecting possible mechanistic differences (Willson et
al, J. Med. Chem. 37:1550-1552 (1994)). Consequently,
a blinded assay of these compounds was performed on
ERwt in HepG2 cells on the C3 promoter and it was
determined that all but two compounds were
meéhanistically indistinguishable from tamoxifen. Two
compounds however, GW5638 and GW7604, demonstrated a
sufficiently different profile in this system from
other ER ligands to warrant further investigation.
Interestingly, these compounds are strﬁcturally
idéntical to each other except that GW7604 is the 4-
hydroxylated version of GW5638 (Table 1). Using an in

&g

vitro competitive radioligand binding assay, both of
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Exanpl es that follow EXAMPLES The foll ow ng
experi nment I.Ls are referenced in specific Exanples th
expert o%5hilsh ?ZC ﬁ@@%%

16 Bi ochemi cal s DNA and nodification e ;
obt ai ned from Boehringer Mannhei m (I ndi anapolis, IN), New Engl and Bi ol abs
(Beverly, MA) or Pronega Corp. (Madison, W). General |aboratory reagents
and 17[err]- estradiol (E[err]) were purchased fromSigm (SL Louis, M.
| Cl 182,780 was a gift from Zeneca Pharnmaceutical s, Mcclesfield, United
Kingdom Ral oxifene was a gift from Pfizer Pharmaceuticals, Goton, CT
4- OH t anoxi tdessasanppunds mene | demensirated dut iecdiiditSdridh ego, CA).
GA6638 affinity ER-interactions. Specifically, GW5638 and

GW7604 demonstrated K; values of 50.4nM (+/- 5.4) and
15.5nM (+/- 1.4), respectively. Under the same
conditions 17-RB-estradiol was shown to have a K; value
of 6.3nM (+/- 0.4). Although the metabolism of GW5638
has not been studied, it is likely that it is converted

to the higher affinity compound GW7604 in vivo in the

same manner as tamoxifen is converted to the higher
affinity metabolite 4-OH tamoxifen (Jordan et al, J.
Endocrinology 75:305-316 (1977)). A comparison of the
agonist activity of these compounds to representative
members of each of the four established groups of ER-
ligands is shown in Fig. 1A. 1In this assay, tamoxifen

acts as a partial agonist of ER when assayed on the C3
promoter, achieving 45% the efficacy of estradiol.
When.analyzed in the same manner, raloxifene and the
pure antagonist ICI182,780 do not demonstrate agonist
activity but inhibit the basal transcriptional activity
of the C3 promoter. Recently, it has been determined
that the basal activity of the C3 promoter is ER-
dependent, though ligand independent (Norris et al,
Molecular Endocrinology 10:1605-1616 (1996)). Since
both raloxifene and ICI182,780 inhibit ligand-dependent
and -independent activation of ER, they appear to be
operating as "inverse agonists® in this environment.
However, both GW5638 and its putative metabolite GW7604
do not demonstrate any agonist or antagonist activity
on this_promoter displaying a "fingerprint" previously
unrecognized. It was concluded that, in an environment
where tamoxifen displays partial agonist activity, the
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and GAW604 were prepared as described previously (Wlson et al, J. Md.
Chem 37:1550-1552 (1994)). Anti body H222 is avail able from Abb

Labor at ori d¥0 9908882 "¢yl ture and cotransfection assays I—@E@&%@IGF@ wer e
mai ntai ned in Mdified Eagl es Medium (MEM) (Life Technol ogies, G and

I sl and, NY) plus 10% Fetal Calf Serum (FCS) (Life Technologies). Cells
were plated in 24 well plates (coated with gelatin) 24 hours prior to
transfection. DNA was introduced into the cells using Lipofectin (Life

Technol ogi e n]gar'ifefdh 41504 i GREE38T SRl ERTEODSa e puRetishaRIyUSi Ng 3 pg
of total DN})a or% stancﬂard ﬁansfections, 500 ngaof pCIW—[err]-ga]ll
(nor mal i zat il@8AkeM®r), 1500 ng reporter (variable) and 1000 ng receptor

(pRﬁTZ-hEF_ (D?na p%ttrﬁ%)u%walcfgﬁtﬂﬁéﬁénlﬁilxd ﬁc%%@%;i@?hﬁﬁ%éﬁ) we;le ufsed ;or
each triplicate. |ncupation o e .cells w | pof ec r,oceeded for
hrs, at whi @RaLgeuRd LHERYELRAY EE?I@eﬁﬁ?ﬁgﬁﬁéﬁﬁ%fﬁfgﬁsgégc nd t hen

i nduced wi t hMdRBIropst 84 B, Mas TONEndbLuiRdli N9pBBnet6pedibose ;nedi a

) ) Dauvois et al, Proc. Natl. Acad. Sci. USA 89:4037-4041
(1992); Dauvois et al, J. Cell. Sci. 106:1377-1388
(1993)). When assayed on a mutant  ER (ER-TAFl), in
which the AF-2 activation sequence has been disrupted,
raloxifene behaves like tamoxifen, exhibiting 40% the
agonist activity of estradiol (Fig. 1B). 1In this assay
ICI182,780, GW 5638 and GW7604 are functionally
inactive. These data indicate that GW5638 {and
GW7604), function in a manner which is distinct from
the previously defined classes of ER-mixed agonists and
antagonists (McDonnell et al, Mol. Endocrinol. 9:659-
669 (1995}).

One possible, though unlikely, explanation for
these initial results is that the compounds were
metabolized (or in some way prevented from binding to
the receptor) thus explaining their inactivity in this
assay. This issue was addressed by assessing the
ability of GWS5638 and GW7604 to inhibit the agonist
activity of estradiol and tamoxifen exhibited on ERwt
and ER-TAF1, respectively, and to reverse the inverse
agonist activity of ICI182,780. As shown in Fig. 2A,

estradiol functioned as a full agonist and tamoxifen
functioned as a partial agonist on ERwt when assayed on
the C3 promoter in HepG2 cells. Importantly, the
agonist activity manifested by tamoxifen or estradiol
was inhibited by both GW7604 and GW5638. Thus, these
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contai ning 10% charcoal stripped CS (Cyclone Inc.). Incubation wth hornone
continued fqr s, after which cells were | ysed and assayed for

| uci f erase SY%&% ézl gal act osi dase activity as previously deggﬂ[@@yl(’@ﬂbr ris
et al, JBC 270:22777-22782 (1995)). Uterotrophic assay in immture rats
Twenty-one day old fenmal e Sprague-Dawl ey rats (30- 35 gns) were obtained
fromHarlan or Taconic Laboratories. Aninmals were sorted randomy into
treatment groups of five, and average wei ghts were recorded for each

treatnment gr G638 or

t anmoxi fen \g/]va repar eg‘yl ng\e%‘g%ﬁ% 28 gGQ% ﬁ%%?%lgﬁgand stored at

-70[err]C umaqemr ofn omgnaignex}dmwlmtdﬁmmgtam@fms ddluted in 0.5%

eyl cel g gt ar | 200 Ys Qfag Bt b4 oM POIRC okomE. SE.
d03| n q‘gﬂ

Louis, MOJ) ava ase on tota 10 m /kg
body wei ght .OTESRRi & lﬁl-Sl S ggg@gte Qxb% CHepHs e@lnﬁnG‘§8§9ﬁre oi l,

mxed in a GiASS &WI@@ iﬁhmﬁlﬂg%@if@dwl-lan&uwens' on), aliquot
and frozen at - 70 %ﬁénﬂlé do%%%ﬁ% Subcut apeoys dosi ng, was based on a
total of 2 J’o‘%ﬂ/ TERRS GhREEANR BVBB3EYLIBY - i nj ect ed
(estradiol) ﬁnﬁeﬁhsﬁmﬁglﬁllf&&bﬁhféﬁ&rﬁ&51M§t§ §aﬁtii10£§oﬂysﬁﬁleg{] g
asphyxi ati on body we g&i ain and uterj were ve otte
and wei ghed.® %ﬁl rﬁgi%dggﬁ } he@ReRght Yo%y ﬁk&g

1nh1b1ted by both GWS5638 and GW7604. Cumulatively,

these data indicate that GWS$638 and its putative in

Vivo metébolite, GW7604, are wmechanistically unique ER-
modulators which do not display agonist activity in
vitro but which can inhibit the agonist activity of the

estradiol, tamoxifen and raloxifene. Although their
profile in some of these assays resembles that of the
pure antagonist class of ligands, these compounds are
distinct from the steroidal antagonists like ICI182,780
as they do not display inverse agonist activity

(Fig. 1A).

In order to confirm that GW5638 and GW7604 are
mechanistically distinct from ICI182,780, the ability
of these compounds to reverse the inverse agonist
activity demonstrated by ICI182,780 was measured. The
results of this analysis'aré shoﬁn in Fig. 2C.
Specifically, it was observed that the basal activity
of the human C3 promoter was suppressed 10-fold upon
addition of ICI182,780 and that this could be
completely reversed by co-addition of GW7604 and
partially reversed by GW5638.

One possible explanation for the mechanistic
differences observed is that GW5638 and GW7604 interact

- 24 -



- 18 - Bone m neral density studies Ani mal preparation.
Sprague-Dawl ey rats, 90-days of age, were anesthetized with isofluorane (4%
i nducti on, W&MMBRenance), ovariectoni zed (OVX) or sham opePETE§YEH4 and
random y assigned to groups (n=7) treated fromday 1 to day 28 post-surgery
by oral gavage with vehicle alone, estradiol or GAB638 in 0.5% net hyl
cellulose. At sacrifice, aninmals were euthanized with C02, body weights
were recorded and the uteri were renoved and wei ghed. U erus, vagi nha and

TR LSS UL Lo tahtd sl T Ler o Lomel L Sag o0 o1
Ti ssue sanplmsisenes eabaddedednupdnal &i moddfdiedeBRWI(ER-N2a6at dooyl i n and
cosn oS, LBt EngeRIRcal Ko TR AT BOH BRe" RSB SAlG e
Bi omedi cal LstbatasoofeBR. within a cell following ligand binding.
This modified protein behaves exactly like ER in all
respects except it activates transcription upon
interaction with an estrogen response element (ERE)
independent of the nature of the bound ligand
(McDonnell et al, Mol. Endocrinol. 9:659-669 (1995)).
Using this reagent, it was shown that all classes of
ER-ligands, including ICI182,780, GW5638 and GW7604
facilitate efficient interactions of ER with target DNA
(McDonnell et al, Mol. Endocrinol. 9:659-669 (1995)})).
. Thus, GWS638 and GW7604 interact with ER in vivo

and demonstrate a pharmacology that is distinct from
other known ER-modulators. It is implied therefore,
that the unique properties of GW5638 and GW7604 are
manifest at some step downstream of DNA binding.
Because of the unique properties of these compounds, a
series of whole animal studies to examine their
activity in the skeletal, cardiovascular and
reproductive systems was initiated.

EXAM_PLE 2
Prevention of Ovariectomized Induced Bone Loss in Rats

There is now strong evidence that both tamoxifen
and raloxifene prevent bone loss in preclinical models
oﬁ?bostmenopausal osteoporosis (Love et al, New Engl.
I Med. 326:852-856 (1992); Love et al, Ann. Intern.
Med. 115:860-864 (1991); Black et al, J. Clin. Invest
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Dual energy X-ray absorptionetry (DEXA). A Hol ogic QDR- 2000 bone
densitoneter with a regional high-resolution software package was used for
DEXA anal ysi™O 986801t scan length, width, |ine spacing and [BE&TAS98/16864
resolution were set at 2, 0.75, 0.01 and 0.005 inches, respectively. The
densitometer was calibrated daily using a hydroxyapatite spine platform
Excised tibiae were placed in a 1 cmdeep water bath with tibia and fibul a
positioned horizontally. For in vivo scans, rats were anaesthetized with

I sof l uorane and placed in a supine position with the spinetparall | to the
| ong 93:63-69 (1994)). Howeveyngche mechanism of 3¢ Jocpntcpé

densi t onet er ¢halylet colipRpuE) 1 dbores Hawetot bdasidd Dingdy altieé £etéhe | ong
axis of the t e and the tibia was scanned.to, t.he junction with the fenur.

A region of i 0 1PRENE BREHRILS B EeRRed AR A BYFE sub- r egi onal

sof twar e, focuitay@ndsta LTS 2y T80 zDneubeeani atg thenprisérat tdméhe growt h
plate. though data from preclinical rat models suggest that it
is not an agonist in this tissue (Gallagher et al,
Endocrinology 133:2787-2791 (1993)). This has led to
the hypothesis that the partial agonist activity of
tamoxifen and raloxifene is required for bone
protection (Love et al, New Engl. J. Med. 326:852-856
(1992) ; Black et al, J. Clin. Invest 93:63-69 (1994)).
Previous work demonstrating that both tamoxifen and
raloxifene can function as equally effective agonists
in some cell and promoter contexts supports this idea
(McDonnell et al, Mol. Endocrinol. 9:659-669 (1995);
McDonnell et al, Mol. Endocrincl. 9:659-669 (1995)).
However, GW5638 provides a new tool with which to
address this issue. This compound, which does not

manifest classical agonist activity in any of the in
vitro assays, was assayed for its ability to inhibit

bone loss in ovariectomized rats. Specifically, bone
mineral density (BMD) in both the lumbar spine and
tibia of 90-day old ovariectomized rats was assayed
following oral administration for 28 days of either
17R-estradiol or increasing doses of GWS638. The
results shown in Fig. 3A indicate that significant bone
‘loss occurred in the lumbar spines of ovariectomized
(OVX) animals over the course of the 28 day study when
compared to control sham-operated animals, whereas BMD
was maintained in OVX rats treated with estradiol.
Significantly, GWS5638 demonstrated dose-dependent bone
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Peripheral quantitative conputed tonography (pQCT). CT scans were perforned
on a PQCT ( X&09948862 Norland). Four to five mllineter secti OPSTAISYS 6864
scanned with a voxel size of E (0.148 mm and a step of 0.5 mMm A 3-5 mm
section distal to the growh plate was anal yzed usi ng cont node, 2/ peel node,
5/ cortnode. Measurenents of total, trabecular and cortical bone m neral
density were obtained. The excised tibiae were placed in a 1 cm deep water

bath with the tibia and fibula positjoned horizontally to ensure_that the
bone coul d b@rt@ftdys &etiewty. Peing s ccbfeesivet s castraAirdotuor ane

and the |eg %p%&ﬁ&}ﬁ.%&pi&haéftmnémeg(m%y@) fermisi bsasandlar
tibia-fibula junctions on gcout V|§m/could, e gcated and utilized as
| andmar ks f ortCE e of tamoxifen required ogﬁmEp{otectlon

| denti ficati gm afhd\amle BRI Ul BSOS Set al, NeweEhgl. of . i MeRitro screens
have been devgl oped t  t e classificatign of ER-nodulgtars into
f our mechani &%é) q@'ﬁétf%ﬁgf%‘ﬂfﬁ kBt el 'e&:‘aﬁl,’ 58 es nagc ol .
8:21-30 (19949 . (19mp)i f iYarld yet aml, Endocrinology 137:2075-2084 - 20 -
(1996)). The bone protective activity observed was not

restricted to the lumbar spine as analogous results

were obtained when tibial BMD was accessed (Fig. 3B).

Specifically, using the same experimental protocol, it
was demonstrated that GW5638 was effective at
maintaining total bone mass with a very pronounced
effect in the trabecular compartment. This was
interesting in light of the fact that estrogen has
previously been shown to regulate bone turnover in this
compartment (Gallagher et al, Endocrinology 133:2787-
2791 (1993)). Togéther, these data indicate that
GW5638, a compound devoid of classical ER-agonist
activity, when assayed_in vitro, functions as an

efficient ER agonist in bone.

It has been shown that compounds that function as
ER agonists in bone, such as estradiol, tamoxifen and
raloxifene, can also suppress the rise in serum
cholesterol associated with ovariectomy (Love et al,
Ann. Intern. Med. 115:860-864 (1991); Black et al, dJ.
Clin. Invest 93:63-69 (1994)). This observation has
led to the suggestion that the mechanism of ER activity
in bone and the cardiovascular system is very similar.
Although it is not clear whether the observed
gyppfession of serum cholesterol levels is sufficient
téhexplaih the decrease in mortality from
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assay in liver Hep& cells was reconstituted in which the ability of a
conpound tow®geuMsssx the transcriptional activity of the estprogasss/i6864
responsi ve conplenment 3 (C3) pronoter is evaluated in the presence of
either wild type ER (ERwt) or a receptor nmutant, ER- TAFl, in which the
AF-2 function has been destroyed. Using these assays, it has been possible
to derive "fingerprints" of known ER-nodul ators (MDonnell et al, Mol.
Endocrinol . 9:659-669 (1995%&. Al though these assays do not reflect
exact|ly the emardiovasculelr BRseRsE \idi RIRLTROGRAURMC&FEE AFpounds i n

t hese assayseis§r.g§%t§1: \%e?ﬂ%c%%e%%@%l@ﬁaﬁﬁe@é O HUPSA gach of which

mani f est s uni que Ies 1 n vivo. ) A series of triphenyl ethyl ene
derived ER-| mgxkes W es$yogessiamtd win dde ctazdiovasqid@r @Eskeny: 1550-

1552 (1994)) roPugldr@skathiandlasiess e tos£l cavmayndolidstdrgl | Tekv&eRt ed
that the relative activjties of these conpounds in bong and in the uterus

vere not i de#@Sc AESAYEL &t (IGFHESHBIFGHE RN TS MerPhces (W I son et
al, J. Med. Sheradlsllr0cimsl o H8d)ds dopsequetid | sesul tdd igttseh abisay of

t hese conpounds s .per.fornmed.on ERw i cells on th [onot er and
it was det er fitfed ﬁ%ﬁlﬁﬁt%?ﬁhﬁ%‘ﬁm @%%e%c%%ﬁi%ﬁ%f?’?
i ndi sti ngui shalsited,r awstasowasemas 'Ié/ﬁfmﬁawrm énmcﬁrql Q#6638 and GAF604,
de”DnStratedd%c§%gg&%bﬁ%Qgﬁﬁ“éﬂéﬁégﬁefgffié&gig,th'5 system from

EXAMPLE 3
GWS5638 as a Uterine Sparing ER-Modulator

To extend the examination of the tissue
specificity of GW5638, a comprehensive analysis of the
uterotrophic activity of this compound was performed.
In the initial series of experiments, the activities of
GWS638 and tamoxifen in the uteri of 21 day old
immature rats were compared. 1In this assay, uterine
wet weight was used as a measure of ER-agonist activity
in this tissue (Fig. S). When administered orally, as
a single agent, GWS638 did not display any significant
activity over control. Note in particular that this
compound is inactive in this assay at 10um/kg/d, three
times the amount requiréd for bone protection (Fig. 3).
In contrast, tamoxifen demonstrated uterotrophic
actibity at doses as low as 0.1pmol/kg/d. These
studies were extended to show that GWS5638, but not
tamoxifen; could completely inhibit the agonist
activity of estradiol in these rats confirming that
this compound is a pure antagonist in this tissue under
the conditions of the assay.
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other ER ligands to warrant further investigation. Interestingly, these
conpounds argO99/&e82 ural |y idntical to each other except t hatPERP8BA6364 t he
4- hydroxyl ated version of GA638 (Table 1). Using an in vitro
conpetitive radioligand binding assay, both of
- 21 - t hese conpounds were denonstrated to exhibit high
affinity ER interactions. Specifically, GA638 and GMW604 denonstrat ed
Klerr] values of 50.4nM (+/- 5.4) apd 15 5nM +/ - res ectl 1§V Under
the same cond|t|oé?:?hﬁeﬁ??q%étﬁﬁﬂ%%? ?EF%aV%t%r FEPP% al ue of
6.3nM (+/ - Oaﬁklvﬂﬂ fﬁﬁlﬂbﬁfﬁgnﬁaab@ylGﬁk@fméﬂ%@361hh8eﬂﬁhebeGW55Bmd|ed,
it islikely that it js .converted tottae.hlgge% aff nﬁgund 604 in
vivo in the &né Lasnpyrtuated 8n t‘Pl aﬁ?‘ﬁ P ity
met abol i te 4-@vi)amuds en THerdasubtsabf ﬂhlEnainalysrbs pO§h@En3as- 316
(1977)) arison of .t he agonist_actiyity of _fh o] d
representatlénp éi Rai S 89eNLet a8 &o¥e§ uB té ERFe&O0PREY %h%%

required for bone protection, GW5638 displays minimal

uterotrophic activity. ' Importantly, however, no

significant differences were noted in total body weight-

of OVX rats treated with GWS638 versus sham operated

animals. A very small, dose independent, increase was

observed in uterine wet weight over OVX. This is

‘similar to what has been reported by others in rats

treated with raloxifene, where the activity has been

attributed to an increase in water imbibition (Kedar et

al, Lancet 343:1318-1321 (1994); Love et al, Ann.

Intern. Med. 115:860-864 (1991); Black et al, J. Clin.

Invest 93:63-69 (1994)).

In addition to measurements of uterine wet weight,

a histological examination of the uteri harvested from

the same animals was performed (Figs. 7A-7F (low

magnification) and Figs. 8A-8D (high magnification)).

In this analysis, the uterine epithelial cells in rats

treated with GW5638 exhibited a dose-related

hypertrophy, while the stroma demonstrated a marginal

increase in intercellular connective tissue and ground

substance. At the highest doses of GW5638 (3-fold

higher than was required for bone protection}, the

epithelial hypertrophy observed was comparable to that

of estradiol treated uteri whereas the stromal response

and eosinophilic infiltration was less than observed in

estradiol treated rats (compare Figs. 8C and 8D).
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menbers of each of the four established groups of ER- ligands is shown in
Fig. 1A | nwovomsesasay, tanoxifen acts as a partial agoni st pPET/EFOS/G8GS
assayed on the C3 pronoter, achieving 45%the efficacy of estradiol. Wen
anal yzed in the sane manner, ral oxifene and the pure antagonist |Cl 182, 780
do not denonstrate agonist activity but inhibit the basal transcriptional
activity of the C3 promoter. Recently, it has been determ ned that t he
basal activity of the C3 pronoter is ER- Eendent t hough 1 :

i ndependent ¢Wmt¥atively; thesecdrbd EBGEEF RoFBay 96°94B5P28 856f§96))

Since both rrﬁ’é??iﬁ&]]%ﬂﬂél b&ié&zazes}val bht thegasérdepenteptaand in
-i ndependent_ acti vat ?

pear to. _be er at l_nverse
agoni st s" |rb?¢ﬁlen€ Bﬁﬁﬁﬁﬁ aﬁbﬁévﬁﬁ aSBPﬁSEM%6§§u§ndéﬁggggu35tFVe
mﬁt abolite Q{ilﬁ@ded dERD@bddBﬁ?ﬁst that mapifgenssERoaganiagoanst gctivi ty on
this pronoter displayln CLingerpript” _previous | ze It was
concl uded th%?ta$§né%te%9€+gﬁ nfnaﬂegésfgﬁﬁiﬁg ﬁL%vg §§§g%art|al agoni st
activity, the - 22 -
. EXAMPLE 4

Effect of Antiestrogen Treatment .on
Breast Cancer Tumors in Nude Mice

This study was conducted using tumor cells derived
from the MCF-7 breast cancer line. This line is
estrogen and progesterone receptor positive, dependent
upon hormone and sensitive to antihormones. The tumor
cells were inoculated into the flank of ovariectomized,

athymic BALB/c Urd nunu mice. The mice were

supplemented with slow release estrogen pellets.
Animals were given subcutaneous daily injections as
indicated below:

Group 1: control (corn oil)

Group 2: 0.3 mg GW5638

Group 3: 0.6 mg GW5638

Group 4: 1.0 mg GW5638

Group 5: 1.0 mg tamoxifen

Using calipers, tumors were measured in
2 dimensions, where tumor area = 1/2 X w/2 X ®. The

results are shown in Figure 9.
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t anoxi f en anal ogs GAb638 and GW604 are functionally inactive.

Al t hough ral WRP#B€2and | Cl 182, 780 behaved anal ogously on ERWPCTMUSES/16864
mechani stically distinct (McDonnell et al, MIl. Endocrinol. 9:659-669
(1995); Dauvois et al, Proc. Natl. Acad. Sci. USA 89:4037-4041 (1992);
Dauvois et al, J. Cell. Sci. 106:1377-1388 (1993)). \Wen assayed on a
mut ant ER (ER-TAFl1l), in which the AF-2 activation sequence has been

di srupted, ral oxifene behaves |ike tanoxifen, exhibiting 40%the agoni st
activity of estradiol (Fig. 1B). In t BX&MR&Eao | Cl 182,780, GW 5638 and
GW604 are functionally inactive. These data indicate that GA638 (and
GWr604), function in a manner whpgBel Re@pdhiseCiscluggm t he previously defined
cl asses of ER-m xed agoni sts and antagonists (MDonnell et al, Mol.

Endocrinol. 9:659- 669 (1995)). \ On ossi bl e, though unlikely,
expl anation for the@éei%??fa%’%rﬁgﬁlst §ti"‘§3)tof‘(315 ﬁ’ec88‘935%n gewere
met abol i zed (afiaximslhye ebfepttventedel bdmMGHisEdiBNgot @ambsifeaedpr) thus
explaining their_inactiwity.in this_assay. .Ihis _issue d ssed by
assessi ng thee"am‘?t o‘?‘b{%@s%}éBESn&n%a\%é 4%’8 ﬁﬁﬁf"%ﬁt °¥ﬁ§@§%%§ea§c§i vity
of estradiol armht¢emoarhiens ekhi huledmdeeERM and ER- TAF1, respectively, and
to reverse the inv (o] act Vi f sl Gl 7 i.h Fig. 2A
estradi ol function§%§§%@g.@%ﬁ%rag%hgs%¥§%dlbgﬁ%§%Fe§9F3ﬁ§t?@ﬁé@xgg a
partial agoni MCHr7 Bk lahenThesapsuldinghsuo®nsr vereetranspdpit ek,
Inportantly, the.ggonistmpctivi hy1maRihegkedeht ATRN £§RwOraUdAdi ol was
i nhi bi ted by both GA604 and G638 Thus. oo b e
estradiol pellets.
When experimental mice had measurable tumors,
daily dosing, via subcutaneous 0.1 ml injections, was
begun as follows:
" Group 1: control {(corn oil)
Group 2: 0.3 mg GWS5638
Group 3: 0.6 mg GW5638
Group 4: 1.0 mg GWS638
Group 5: 1.0 mg tamoxifen
Tumors were measured daily with calipers, and the

area calculated as follows:
Area = 1/2 X w/2 X =,

After 8 weeks, tumor growth was compared among the
groups. All treatment groups inhibited tumor growth
(with statistical significahce) as compared to control.
The two upper doses of GW5638, 0.6 mg and 1.0 mg, were
indistinguishable from the 1.0 mg tamoxifen (see
Fig. 10).

EXAMPLE 6

LCC2 Study
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- 23 - conpounds were functioning as antagoni sts on the
receptor i nW®I863r di stinct fromtanoxifen. A simlar anal PETASWEHB64
performed using ER-TAF1l in place of ERwt (Fig. 2B). As expected, both
GW638 and GAWF604 were capable of inhibiting estradiol- and

t anoxi f en-i nduced ER- TAF1 transcriptional activity. Interestingly,

ral oxi fene exhibits partial agonist activity on ER-TAF1 (Fig. 1B); an

activity which is inhibited by both GA6638 and GAF604. Cunul atively, these

data indicate thMCFOREEB-2aris ia scplik atinve (frowithe Medmibtdie, GA7604,

g‘gtcr‘slr“t ;t : ﬁ%&d&e‘iﬂic‘@iﬁ:@' wHRAH! | AL AU Se MG AQadiPlndlP) VHEYGR! St
sensitive, and tamoxifen resistant. This experiment
was conducted to determine the ability of GW5638 to
retard the growth of this cell line in nude mice
relative to control or tamoxifen treated tumors.

40 OVX mice were prepared to accept cells and
grouped as follows:

Group 1: control

Group 2: estrogen pellet

Group 3: 1.0 mg tamoxifen

Group 4: 1.0 mg compound 5638

‘Control animals received nothing and groups 3 and
4 received 0.1 ml injections in corn oil every three
days. Tumors were measured Q3 days with calipers, and
the area calculated as follows:

Area = 1/2 X w/2 X =,

After 8 weeks, tumor growth was compared among
groups. In contrast to what was expected, the tumor
did not appear to be responsive to estrogen.
Additionally, the tumor seemed sensitive to tamoxifen,
despite its predicted tamoxifen resistance. Both
tamoxifen and GW5638 were able to equally inhibit
growth of this tumor (see Fig. 11).

EXAMPLE 7

GW7604 Functions as an Antiestrogen in
MCF-7 Breast Cancer Cells

Human breast cancer MCF-7 cells were transiently
cotransfected with 0.9 pg/ml of human ER expression
vector together with 2 pg/ml of the C3-Luc reporter
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vitro but which can inhibit the agonist activity of the estradiol,

t amoxi fen aMP 9941868 f ene. Al though their profile in some of PRESBIFLSEY s
resenbl es that of the pure antagoni st class of |igands, these conpounds are
distinct fromthe steroidal antagonists like ICl 182,780 as they do not

di splay inverse agonist activity (Fig. 1A). In order to confirmthat
GNb638 and GAM604 are nechanistically distinct fromICl 182,780, the ability

of these conmppounds to reverse t i nverse agoni.st actiyvity denonstrated by
| Cl 182, 780 V\Egaﬁ@ééuf"@é. Othe H‘-’J;& é’IRSMﬂ%STg 2CF9P4d3S8 shown in Fig. 2C.

Speci fical | yexple¥asopbsrored (@ drhdlasaalacontidol Fod he human C3
pronoter was suppressed 10-fqgl d upon addition of |Cl 182, 780 d that this

coul d be conpFRREFGCFAQEr &&d sy &TG¥dddi (HRAT SFABRFEEHF AT R Hi%l 1y
reversed by g3§ngubattehg;?og\%?334 %.r?%ﬁ@%ﬁlés%éeorof he; chani stic

di fferences observed Is and I nt eract
- 24 estradiol and increasing concentrations of each

antagonist as indicated. Subsequently, the transfected

cells were assayed for luciferase and B-galactosidase
activity. The normalized luciferase activity was
calculated by dividing the raw luciferase (x10* U) for
each point by the B—galaqtosidase activity

{(A415 x 10°)/time in minutes]. With reference to
Fig. 12, each data point in this experiment represents
the average of triplicate determinations of the
transcriptional activity under given experimental
conditions. The average coefficient of variation at

each hormone concentration was <10%.
EXAMPLE 8

Analysis of the Effect of Specific ER Mutations
on the Pharmacology of Antiestrogens Reveals
Additional Mechanistic Complexity

Human hepatocellular carcinoma HepG2 cells were
transiently transfected with 0.9 pg/ml of a vector
expressing either human ER (pRST7ER) (see Fig. 13A) or
an ER mutant (ER-TAF1l) (see Fig. 13B) in which the AF-2
function has been inactivated (ER-TAF1l) together with
2 ‘pug/ml of the estrogen-responsive complement 3 (C3)
promoter fused to luciferase gene; 0.1 pg/ml of pRSV-

B-galactosidase expression vector (as an internal

control for transfection efficiency). Upon
transfection, cells were incubated for 48 h in the
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with ER and inhibit its ability to interact with DNA. This was addressed
usi ng a nodwDi9Ws@BR ( ER- VP16) to report on the nucl ear | ocal PREUBW68d t he
DNA binding status of ER within a cell following |ligand binding. This

nodi fied protein behaves exactly like ERin all respects except it
activates transcription upon interaction with an estrogen response el enent
(ERE) independent of the nature of the bound Iigand (McDonnell et al, Ml.

Endocrinol . 9:659-669 99 _Usiing thi 0o it . t al
cl asses of ERFEFFRTEs°H r?cﬂi)})cﬁ’htg 4%%2‘&58%%% acr?%ﬁ%%g%@}%lglgl itate
ef ficient inoér astiraddcdf xR anttiestaregendNes (Mioratsdd. et al, Ml .
Endocrinol . - (199 . | t wth ER
in vivo and%alg%%ﬁglt%r%al 'a@&eartn%%%%?tﬁgc?é%égﬁﬁé@%%#%&me%t er known
ER- nodul at or Quddriiferanyd il theyalfartysidmte tat imnitgue [Rapgerdates of
G638 and GWG04 are nifest af some step downstream of DNA bi ndi ng.
Because of tROEH dﬁ’ecg’r%rfpmee‘%l‘?ﬁmi I‘Fé%%r%%%%%n%e, TRILP0of whol e

ani mal st udi esiiyl ik Betdd@iinacions tof | the heraksdeipt i orst di ovascul ar.
and reproductive s){:st ens, was_Jnitiated, EXAMPLE 2

Prevent i on oSO (B EHR EP BN Fordbiiens. Theere is now
strong evi dersexadoe dosff itcirent feh wendiationi dtensaqh dvartod®ne | oss in

e e L L T e
Bl ack et al, ard @3B indiaafte that most of the known antiestrogens
manifest agonist activity on mutated estrogen
receptors. The fact that GW7604 does not exhibit
agonist activity on any ER-mutant examined thus far
indicateés that this compound is useful in the treatment
of tamoxifen refractory breast tumors.

EXAMPLE 38

A Comparative Analysis of the Ability of
a Variety of Antiestrogens to Inhibit

ERe and ERP Transcriptional Activity

HelLa cells were transfected with either an ERx

expression vector (see Fig. 14A) or an ERP expression
vector (see Fig. 14B) together with an estrogen
responsive ERE-TK-luceriferase reporter construct.
Subsequently, the ability of different concentrations
of antagonist to inhibit estradiol (107°) activated
transcription was assessed. The results shown in Fig.
14A and 14B indicate that with the exception of
idoxifene, all antiestrogens manifest roughly

equivalent activities on ERa, whereas on ERP, neither

raloxifene nor idoxifene manifest potent antagonist
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- 25 -

93:63-69 (1994)). However the nmechani sm of action of

these conpow@i®9/i86820one has not been defined. The fate of boRETIUSIB/HEB6
patients treated with the pure antagonist |1C 182,780 is unclear at the
present tinme though data frompreclinical rat nodels suggest that it is not

an agoni st

(1993)).

(1994)) .

function as equal

supports thl%sFH%% ?MEEORR

McDonnel

in this tissue (Gallagher et al, Endocrinology 133:2787-2791

f This has led to the hypothesis that the parti al agonist activity
of tanoxifen and ral oxifene is required for, bong rot ctl
New Engl. J.2®eHvi®ps: 8‘%‘2"%’58%‘%82) tg@ﬁ&cﬁ‘a g 13"" ?q/aésﬁ"eg% 63- 69

Pr eyg ol

et al,

Ty

deéke deannahtagbngsthatf both fawm3|bénuhathMmmlfene can
effecttve agoni sts in sone cell and pronoter contexts
PF-et al, Ml. Endocrinol. 9:659-669 (1995);

_ Mol . Endocrinol. 9:659-669 (1995)). However, GAb638
provi des a new tool with which to EXBEMBIEFE {10 s i ssue. This conpound, which
does not mani fest classical agonist activity in any of the in

Western Immunoblot Analysis of ER Expression

in Target Cells Following Treatment
With Agonists or Antagonists

The chosen cell lines were incubated for 48 h in

the presence of solvent or 10 nM estradiol or

antiestrogen as indicated. Nuclear extracts were

prepared, and samples were separated by denaturing-

PAGE, transferred to a nylon membrane, and the relative

expression of ER following these treatments was

estimated by western immunoblot using the ER-specific
monoclonal antibody H222. Fig. 15A shows the

endogenous nuclear ER content of MCF-7 cells

(10 ug/lane). Fig. 15B shows the endogenous nuclear ER
content of Ishikawa cells (100 pg/lane). Fig. 15C
rélates to Ishikawa cells transiently transfected with
0.9 pg/ml of ER (pRST7ER), 10 pg/lane of nuclear
extract was used for detection. The ER levels was

quantitated by densitometry of immunoblots. The

results shown in Fig. 15A-15C are representative of

multiple experiments'perforﬁed under the same

conditions.
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vitro assays, was assayed for its ability to inhibit bone loss in

ovari ect om ZWo 9948682 Specifically, bone mneral density (BVND)pETIUSISIE8d4he

| unbar spine and tibia of 90-day old ovariecton zed rats was assayed
following oral adm nistration for 28 days of either 17[err]-estradiol or

I ncreasi ng doses of GAb638. The results shown in Fig. 3A indicate that
significant bone |l oss occurred in the |unbar spines of ovariectom zed (OVX)
animal s over the course of the 28 d L&dyj&@en conpared to control

sham operated ani mal s, whereas BMD ws~Harntarned in OVX rats treated with
estradiol. Significantly, OGAb638 denonstrated dose-dependent bone

- 26 - West@rat Bahunebaoti Ahhiyshei of BadefémetusVvERaBxpsesadiond at a
concentration of 3Jremdrvil /ded(UsTFdg)owiliy sSShartsiTedmaTdex tentdose of
tanmoxi fen required for bonévjmlotreydnists rort Feitsggoamimide| (Love et al, New
Engl. J. Med. 326:852-856 (1992); Black et al, J. din. Invest 93:63- 69
(1994):; Yang et alHuBadobreastogantd¥: MOF5720841ls were induced for

1h (Fig. 16A) or 4h (Fig. 16B) in the presence of
solvent or 10 nM estradiol or antiestrogen as

indicated. Nuclear extracts were prepared, and samples
were separated by denaturing-PAGE, transferred to a
nylon membrane, and the relative expression of ER
following these treatments was estimated by western
immunoblot using the ER-specific monoclonal antibody
H222. The ER levels were guantitated by densitometry
of immunoblots. The results shown in Fig. 16A and 16B
are-representative of multiple experiments performed
under the same conditions.

EXAMPLE 12

Western Immunoblot Analysis of Endogenous ER Expression
in Ishikawa Cells (Cultured Uterine Cells) Following
Short Term Treatments With Agonists or Antagonists

Human endometrial adenocarcinoma Ishiwaka cells
were incubated for 1h (Fig. 17A) or 4h (Fig. 17B) in
the presence of solvent or 10 nM estradiol or
antiestrogen as indicated. Nuclear extracts were
prepared, and samples were separated by denaturing-
PAGE, transferred to a nylon membrane, and the relative
expression of ER following these treatments was
estimated by western immunoblot using the ER-specific
monoclonal antibody H222. The ER levels were
quantitated by densitometry of immunoblots. The
results shown in Fig. 17A and 17B are representative of
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(1996)). The bone protective activity observed was not restricted to the

| umbar spi newasMséogous results were obtai ned when tibial BRETAERS/16864
accessed (Fig. 3B). Specifically, using the sanme experinmental protocol, it
was denonstrated that GAN6638 was effective at naintaining total bone nass
with a very pronounced effect in the trabecular conpartment. This was
interesting in light of the fact that estrogen has previously been shown to
regul ate bone turnover in this conpartnment (Gallagher et al, Endocrinol ogy

133: 2787- 279&u1é993é)ex§e9ehEems PeaFR rERid unddhC dhe sagle GNB638, a

conpound devoi f _classical ER-agonist activity, when assayed in vitro,
functions as ﬁﬂngiFFepﬁnt ER agoni st in bone. It has been shown that
conpounds that function as ER agonists in bone, such as estradiol,

tanoxi fen and ral oxi fene, can al so SEXBMPEE ide rise in serun1cho|estero|
associated wth ovariectony (Love et al, Ann. Intern. 115: 860- 864

(1991); Black et al i 83A§§ ? 18 4&& bservati on has
led to th 5 é% BT TaRr dth
Jed 1o e unieng S ) it Rt s y%;ﬂ;%%?oazet e

observed suppressi on 3@?18%% W'ﬁﬁ}% 'A§1t:5a ofnfs't:@“ to epr ain
t he decrease in norta

Human endometrial adenocarcinoma Ishlkawa cells
were induced for 1h in the presence of solvent or 10 nM
estradiol or‘antiestrogen. Whole cell (Fig. 18A),
nuclear (Fig. 18B)and cytoplasmic (Fig. 18C) extracts
were prepared, and samples were separated by
denaturing-PAGE, transferred to a nylon membrane, and
the relative expression of ER following the treatment
was estimated by Westerﬁ immunoblot using the
ER-specific monoclonal antibody H222. The ER levels
was quantitated by densitometry of immunoblots. The -
results shown in Fig. 18A-18C are representative of
multiple experiments performed under the same

conditions.
EXAMPLE 14

GW7604 Inhibits E2 Stimulated MCF-7
Cell Proliferation

Goal: Determine the ability of GWS5638 to inhibit
estrogen-stimulated cell proliferation of MCF-7 breast

cancer in vivo.

Experimental Design: Plate between 25,000 and
50,000 cells per well onto 24-well plates. Cells are
plated in phenol red-free media. After attachment,
cells are stimulated with either antiestrogen alone or
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cardi ovascul ar di sease in postnmenopausal wonen on estrogen repl acenent

t herapy, it W@I%088ht ed as a narker of estrogen action in thecCTASIs/16864
cardi ovascul ar system To address this issue the total serum chol esterol

| evel was assayed in ovariectom zed rats treated with estradi ol or GAb638
for 28 days. The results shown in Fig. 4 indicate that even at the | owest
concentration tested, GA638 was as effective as estradi oI in decr easi ng
serum chol esterol | eveI S. EXAMP GW6638

as a U eri n@ssgageny ad mpkiesorogen.  Ipdughicn tipe e’?%??ﬁ%%tfﬁﬂmof t he

ti ssue specifj-cig hfr SHVEbSSe n@lﬁ?mﬁ%@@rﬂ@e@mal ysis of the uterotrophic
activity of this conpound was perfornmed. In the initial series of

experiments, the Bddi44 t{4eChf wypsbdingd Ef@mﬁéﬂf Hli-got kach w9llof 21 day

ol d immture r at I?at.cé)r@@?fi | ot hé§ uterine wet wei ght was used
as a neasure of -agoni st act|V|t In t%ﬂ SO11ssue (Fig. 5). Wien
adni ni stered or alAspilzate medip candavsh Gveess witeh nbte miﬂ!a?Bﬁny

significant actiWdah Wike GRIER Olce NObEA T ToPaFEA ClE B cHIGEcd bEE160MPOUN i S
inactive in this assay at 10[err]mkg/d, three tines the anount required

for bone pr@c%’éi)i on (Fig. 3). In contrast, tanoxifen denonstrated
ut erotrophi c actiydd Vot deosescRStdodaas Pelierr]nol/kg/d. These studies

were extended to shov¥)that GNb638 but not t anoxi fen, could conpletely
i nhi bit the agonjgjcudate at 4°C for 1-2 hours.
Wash once with TCA.
Add 1 mL 0.2N NaOH.
Transfer each well to scintillation vial
containing 2 mL scintillation fluid.
Vortex and count [*H].
Results will indicate the ability of the various
compounds to inhibit estrogen-induced and basal cell

proliferation of MCF-7 cells. (See Fig. 19A-19C.)

¥* * .

All documents cited above are hereby incorporated
in their entirety by reference.

One skilled in the art will appreciate from a
reading of this disclosure that various changes in form
and detail can be made .without departing from the true

scope of the invention.

- 38 -



activity of estradiol in these rats confirmng that this conpound is a pure
ant agoni st Wano%/ds682 t i ssue under the conditions of the assay.PCT/US98/16864

- 28 - In the second series of experinents, uterotrophic
activity following 28 day treatnments with either GAb638 or estradi ol was
eval uated in 90-day ol d ovariectom zed (OVX) rats. The results of this

anal ysis, shown in Fig. 6A, indicate that at doses up,&o three tines that
required for bone protection, GA638 di spl ays m ni nal Qut er ot rophi c

activity. Inportantly, however, ano significant di ences were noted in
total body weight of OVX rats trgated with GAb638 Verdus sham oper at ed
animals. A very snmall, dose indefiegndent, increase wa observed in uterine
wet weight over OVX. This is simAgar to what has been)reported by others in
rats treated with ral oxi fene, whare &he activity h eemattributed to an
increase in water inbibitio far 8t al , Lapcet’ 343?\43@-_1321 (1994);

Bl agk al, J. din.

A 868- 864 (150
E

Love et al, Ann. Intern )

ICI 162

HO

HO ‘ O Z~cozH
' GW 7604
osfradiol

raloxifene

J U,
GW 5638

Table 1
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| nvest 93:63-69 (1994)). In addition to nmeasurenments of uterine wet
wei ght, a histol ogi cal exam nation of the uteri harvested fromthe sane
animals was perfornmed (Figs. 7A-7F (low magnification) and Figs. 8A-8D
(high magnification)) In this analysis, the uterine epithelial cells in
rats treated with GA6638 exhibited a dose-rel ated hypertrophy, while the
stroma denonstrated a marginal increase in intercellular connective tissue
and ground substance. At the highest doses of GA638 (3-fold higher than
was required for bone protection), the epithelial hypertrophy observed was
conparable to that of estradiol treated uteri whereas the stromal response
and eosinophilic infiltration was | ess than observed in estradiol treated
rats (conpare Figs. 8C and 8D). T - 29 -
Cunul ati vel t hese data indicate that 63 sses nmargin - ni st
22 et usoiidhe

activity in 08682 us, whereas, in l/”/”

| c//l/l[/ll{///flsllll/]lf

WHAT IS CLAIMED IS:

1. A method of preventing or treating an
estrogen-stimulated cancer in a mammal comprising
administering to said mammal an amount of a compound of

Formula I:

wherein

R' is -(CH;).CR*=CR®R7, —-{CH;)aC(X)NR®R?; or

R R
R



e

bone it functions as an ER-agoni st. mmmﬁw uni que ER nodul at or

t hat mani f eswo ddhgagoni st and ant agori ““& Al a ti ssue-pgglekh¥Rs
manner . EXAMPLE 4 Ef fect of Antiestrogen
Treat ment on Breast Cancer Tunors in Nude M ce Thi s study

was conducted using tunor cells derived fromthe MCF-7 breast cancer |ine.

This line is estrggen and progesterone regeptor positiyxe, d ndent upon

hor mone and sensi® | \‘?é‘dtg aEFFh&Pﬁ(?R@&deF%g’YSL&}nDr e:ﬁéf I sﬁaéresleglaéul ated into

the flank of_on&gzlsﬂgcbgnicquggyhyrﬁC BALB/c Urd nunu mice. The mce were
wi t

suppl enent ed Slow rel ease estrogen pellets. Aninals were_given
subcut aneous dai IR ii# eEN.omd¥Qes iz areHzBi onCHCH- G % p"Y7  control
(corn oil) OUp 2 56 G agp_31kyd:,6 my GAB638
Goup 4: 1.0 rrg%/\%@&a gré@%&%ﬁfgﬁt&yﬁgﬁ amlgx&l fen ' Usi ng

cal i pers, tufhrsmlkenylrasty-ealkyngldi m¥n€i-aatkybher¥-Candlkengd .= 1/2 X

w2 X [err]'-{i},ﬁz-zaeff)lrﬁflaég §{19wn in Figure 9.
' R’ is -CN, -Ci-salkyl-OH, -C(O)NRMRY, -C(0)NR!?RY,
-Cy-salkyl-NRR!, -C{0)RY?, -C(0)OR!?, -C(0)NR?OR"’,
-C(O)NHC (0)R!2, —C(O)NHCH;R!?, —C(NH;) (NOR'?), -S(O)R'?,
-5(0) (0) (OR™), -S(O) (O) (NHCOR'?), POR™,
~-p(0) (NR¥R}) (NR}RY%), -P(0) (NR!?R!?) (OR'Y),
~CONR*? (CH;) {OCHj, -CONR?(CH,) NR*R®0xadiazole,
substituted with methyl; '
R® and R® are independently hydrogen, -Ci.salkyl,
~Ci-zcycloalkyl, -0-C,-salkyl, -C;;alkyl-Y or phenyl;
R} and R are independently methyl or ethyl or,
taken together form a morphclino group bonded via its |
om;,

1 L. ”
R}, R and RY are independently H, -C,.1palkyl,

ct

nitrogen a

-

-C;-:zalkenyl, -Cj.izalkynyl, -0-Ci.i;zalkyl,
-0-C;_;2alkenyl, -0-C;.j;alkynyl, -Ciscycloalkenyl,
-Ci-scycloalkenyl linear and cyclic heteroalkyl, aczyl,
heterocaryl or -Y;

X is oxygen or sulfur;

Y is a halogen;
is an integer selected from 0.1 or 2;
is the integer 1 or 2;

is an integer selected from 1 to 4; and

a 'voog oo

is an integer from 1-12,
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Dose

- 30 -

Response St uglyg 9908682 The goal of th| s s onpare t YA
ef fective dose of GAb638 to tam)X|f mnmlﬂty to i nhrbit the
grow h of MCF-7 breast cancer tunnr 10 OVX donor nice

were injected with 5 mllion MCF-7 ceIIs

The resulting tunors were

transplanted to recipient mce. Al animls were given slow rel ease

estradi ol

pel l ets. When experinmental mce had nmeasurabl e tuno

dosing, vi %rS%%ﬁt@m&llliﬁadé&g@ébmssawstw,assﬁﬂfi@%ht

G oup 1:

ontrol (corn oil) 0.3 ng GNb638 Go

being resistant to an estrogen receptor modulator other

than said compound of Formula I.

2. The method according to claim 1 wherein said
cancer is breast cancer, uterine cancer, ovarian cancer

or colon cancer.

3. ~The method according to claim 2 wherein said

cancer is breast cancer.

4. The method according to claim 1 wherein said

rs,

daily

up 3:
0.6 ny GW\b&Iseffectgsais preventipn %6@83313&33'@ ciAtd:CanCOIny t anoxif en

cancer is resistant to tamoxifen, idoxifene, raloxifene -

or ICI 182,780.

S. The method according to claim 1 wherein said
cancer is de novo resistant to said estrogen rsceptor

modulator.

6. The method according to claim 1 wherein said
resistance to said estrogen receptoi modulator is

acquired.

7. The method according to claim 1 wherein said
compound is GW5638 or GW7604.

- 42 -
SUBSTITUTE SHEET (RULE 285)



foll ows: WO 99/08682 Area = _ Af PCT/USSE 84S ,
tumor growt h was conpared anong t he grgw wreatnment groups inhibited
tunor growth (with statistical significancé) as conpared to control. The
two upper doses of GWb638, 0.6 ng and 1.0 ng, were indistinguishable from

the 1.0 ng tanoyifen e | 1 : : EXAMPLE 6
1O St udy 3.1 en P endifod 19 cording toglaim 1 further O 7/ Lo

is a cell tomprifSiog tdmimihdtedingateesaldnmampavhashefestivegen '
I ndependent , t hou sensjtive, and_tanmpoxifen resjstapt. Thi I ment wa
conduct ed £B°H e%%n%?t %Bi?g?yc8$p%$%%3%ei%c£eé Brom'thi graup

consisting of an antiestrogen, a ligand of retinoic

Tunors were nmeasured daily with cal i_ws,a/n ““&\\ cal cul ated as
1/ \ *

acid or retinoxic X receptor, an antiprogestin, an
antiandrogen, vitamin D or metabolite thereof, a
farnesyl transferase inhibitor, a PPARx¢ or gamma

agonist and a MAP kinase inhibitor.

9. - The method according to claim 1 wherein said

method is a method of treatment.

10. A method of preventing or treating a benign
proliferative disorder in a mammal comprising

administering to said mammal a compound of Formula I:

wherein

R! is = (CH2),CR®*=CR®R’, - (CH;)oC (X)NR*R?; or

R OB
Ry

{Cia)y
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retard the growth of this cell Ii ' ' elative to control or

t anoxi f en t mapndemes2uNOr S. 40 1L Y e prepared to pegRi¥bs/faakd S
and grouped as foll ows: GOUleﬂWﬂg'ﬂﬂﬂ@'ﬂ! G oup 2: estrogen pellet
Goup 3: 1.0 ng tanoxifen Goup 4: (. ound 5638 Contr ol
animal s received nothing and groups 3 and 4 received 0.1 nml injections in
corn oil every three days. Tunors were neasured (B days with calipers, and

the area cal cul Bf eandskRY dteovindependently H, ~CH;, AOHa +OQH3, X w 2 X
[err]. t 8 vve_%g nor growth was conpared anmong groups. In

cont r ast tboﬁﬁéﬁ%é’sre (bcf%g?'the tunmor did not appear to be responsive to
estrogen. AdditRbnps | yoN} henbyOICIBE e FDl,EHER S| +CHEH, oYt apDXYf;en, despite

its predicted tapoxifen resistance. Both tanoxifen "ﬁ?d GNb638 were able to
equal | y i nhi bi t RgraRd iR of2 %% nqeppideriely Al g. ~Grryalkyl,

EXAVPLE 7 _¢, a1 ken@iV 606, RG9S a2 Anhiyast 9929 jd) kenyl

MCF- 7 Br eastzégncgpwcél |52 ()‘Jyln (rren t;?g'aj?tl %ﬁc%—? cel1s’ were
transi ent | yXcGrwahkiayledrwi~iti 0.9 [err]g/m of human ER expression vector

foggt f‘er with 2giefflobgl oF LDexGP-bHC LBRBINRIRY, -c(0)NRM?RY,
-Ci-,alkyl-NRRY, -C(0)R!?, -C{(0)OR'?, -C(0)NR'OR™,
-C(O)NHC{0)R™2, -C(O)NHCHR'?, -C(NH;) (NOR'?), -S(0)R*?,
-5 (0) (0) (OR'?), ~-5(0) (O) (NHCO,R'?), POsR%Z,
-P(0) (NRIZRIB) (NRIZRIB) , -P(O) .(NRIZRIB) (OR“) ,
-CONR™ (CH,) OCH;, -CONR™ (CH;) NR*R%0xadiazole,

substituted with methyl;

R® and R? are independently hydrogen, -Ci-salkyl,
~Cji.icycloalkyl, -0-Ci_salkyl, ~C:.;alkyl-Y cr phenyl;

R and R!! are independently methyl or ethyl or,
takén together form a morpholino group bonded via its
nitrogen atom;

R*2, R* and RY are independently H, ~Ci-;2alkyl,
-Cz-:2alkenyl, -Cz.;zalkynyl, -0-Cjp.yzalkyl,
~0-Cz-12alkenyl, -0-C..;palkynyl, -Cji-;cycloalksnyl,
-Ci-;cycloalkenyl linear and cyclic heteroalkyl, aryl,
heteroaryl or -Y¥Y;

X is oxygen or sulfur;
is a halogen;
is an integer selected from 0.1 or 2;
is the integer 1 or 2;

is an integer selected from 1 to 4; and

aQ " o3 B o=

is an integer from 1-12,

- a4 -
SUBSTITUTE SHEET (RULE 28)



plasmd and 0.1 [err]g/m of pRSV-[err]-gal actosi dase expression vector (éé
an i nternal wodoesks2f or transfecti onr—efieteney)—pon trans},& ggghﬁggl S

were incubated for 48 h in the prese estradi o
m‘;l IH lm“l Hﬂated. Subsequent |y,

i ncreasi ng concentrations of each ant
the transfected cells were assayed fo dciterase amd [err]-gal act osi dase
activity. The normalized |uciferase activity was calculated by dividing the

raw | uci f erase (x10[er each point b ¢t Qsi dase

activity [ CRaPR éﬁég%ixeaFﬁeﬁfghkﬁsfaXtV?PﬁL Hé tFF%BYy. 12,
each data W@'@fﬂé&ﬁfHéid”ﬁ@%VéEﬂioheBEeﬁEééﬁméﬂe average of trlpllcate
determ nations of the transcriptional activity under given experi nental

conditions. The average coefficient of variation at each hornone
concentration was <10% EXAMPLE 8 Anal ysi s of
the Effect of Spdei fiTheEmmathod| ansordingntonelpimr Hacohegpiss said

Ant'eStrOg%H§gF%M%af% endometrtgégg Eko aﬁt@@fﬁ?”ffﬁkSl mpl exity

Human hepat oc ul'ar carci noma ceI s were transiently transfected
with 0.9 [err]g/m of a vector expreSS|ng ei ther human ER (pRST7ER) (see
Fig. 13A) or

12. The method according to claim 10 wherein said

method is a method of treatment.

13. The method according to claim 10 wherein said
compound is GWS638 or GW7604.

14. A method of preventing or treating
Alzheimer's disease, macular degeneration, urinary
incontinence or Type II diabetes in a mammal comprising
administering to said mammal a compound according to

Formula I:

wheresin

R is -{(CH,),CR3=CRPR7, - (CH,).C(X)NR'R®; or

» R
Rr
&h),
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an ER nutant (ER TAF1l) (see Fig. I3B) in “which the AF-2 function has been

I nacti vat ed WBR9/6%681) t oget her vm tmlﬂlﬂwulﬂﬂjmgm t he estroge®r/i6ssAREK Ve
conpl enment 3 (C3) pronoter fused t ; 0.1 [err]g/m of pRSV-
[err]-gal act osi dase expression vectdr (as ahh ihtérnal control for

transfection efficiency). Upon transfection, cells were incubated for 48 h

in the R? and R’ are xndeﬁendfn 1y38, - ?H ., -OH, Poeggnce of solvent
al one or increasing concentratio fradiol or anti estrogens as

i ndi cat ed ~0SHEBguent+GH (ERe) 2/r ansfected cel | s vere assayed for

| uceriferase a .er r ly0al_aet osidase ty. 4 ROy Nt in this
E%séﬁtshphe g@% eﬁ ??%b 3 CE

experinment rep fag€ o éate ernrnatrons of the
transcrlpt|onamﬁaahdvafyanedﬁndgpeadeﬁxmyrHneatghabhyﬂrt|ons The aver age
coefficient of varigtion at each ne conce, {%ai s_<10% The data

shown in Flg-+3lde TEB- 13 Y b ﬁﬁy'estrogens

mani fest agg@:ﬂag%ydyita@ putated estrogen receptors. The fact that
G604 does ndt ,exhi b 10g11 12013
R is -CN, -C1-4alkyl—0{-l, -C(O}NR™R -C(O)NR*“R™,

-C1-4alkyl-NRRY, -C{O)R!}?, -C(0)ORY, -C(O)NRHOR“,
~C (O) NHC (0)R'?, -C{O)NHCH;R'?, ~-C(NH;) (NOR'?), -S(O)R'?,
-5(0) (0) {OR™), -S{0) (0) (NHCO,R'?), POiR'Z,

-P(0) (NR!2RY) (NR'RY), -P(0) (NR'?RY) (ORM),

-CONR'? (CH;) (OCH3, -CONR™(CH;)NR®*R%cxadiazole,
substituted with methyl; .

R® and R® are independently hydrogen, -C;.7alkyl,
~C3.7;cycloalkyl, -0-C:;.salkyl, -C;-;alkyl-Y or phenyl:

Rm and R are independently methyl or ethyl or,
taken together form a morpholino group bonded via its
nitrogen atom;

R**, R*? and R ars independently H, -C:-jpalkyl,
-ézqzalkenyl, ~Cz.12alkynyl, -C-Ci.zalkyl,
-0-C;.122lkenyl, -0-Cj.i;palkynyl, =-Ciz;cycloalkenyl,
-Ci-scycloalkenyl linear and cyclic heteroalkyl, aryl,
hetercaryl or -Y:
is oxygen or sulfur;
is a halogen;
is an integer selected from 0.1 or 2;
is the integer 1 or 2;

is an integer selected from 1 to 4; and

To s B - N A

is an integer from 1-12,

- 46 -
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agoni st activity on any ER-mutant exam ned-ttus far indicates that this

conpound i Sywis6edHesi N the treatnent of g refractory lycTassosiisssar s
EXAMPLE 9 A Conparative m‘m “m{ﬂm‘ g‘Abi lity of a
La cel'l s wer

Variety of Antiestrogens to Inhi !““ err] and ERerr]
Transcriptional Activity Hela cells were transfected with either an
ER[err] expression vector (see Fig. 14A) or an ER[err] expression vector
(see Fig. 14B) together with an estrogen responsi ve ERE-TK-1uceriferase

reporter cBRsPhacmacsicieRbhy | JCCepicills 1334t JF0&F8%%r eh® @Bncent rati ons
of ant agoniapun® issid1 i 196! OkeddOLei1d o abiddtasl dganscri ption vas

assessed. e results shown in Fig. 14A and 14B indicate that with the
excepti on treadmenttone, all antiestrogens mani fest roughly equival ent
activities on ER[err], whereas on ER[err], neither ral oxifene nor idoxifene
mani f est potent .ant agoni st - 34 -

15. The method according to claim 14 wherein said

method is a method of treatment.

16. The method according to claim 14 wherein said
compound is GW5638 or GW7604.

17. A method of preventing conception in a female
mammal comprising administering to said mammal a

compound of Formula I:

wherein

R! is - (CHz) oCR*=CR®R7, - (CH)aC(X)NR’R®; or

RS R¢
Rn

(<),
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activity. Furthernore, these data in 604 is a potent

pan- ant agoWosdy/egészbot h fornms of th ﬁm r ecept or PCT/US98/16864
EXAMPLE 10 West ern Innunoblo 51 s off ER Expressi on in
Target Cells Foll ow ng Treat nent Wth Agonists or Antagonists
The chosen cell lines were incubated for 48 h in the presence of solvent or
10 nM estradiol or antlestrogen as indicated. Nuclear extracts were
prepared, and finphdsRheare sipdependenylyehat téing—Q¥GEOGHHansferred to a
nyl on nenbran and th %tlve expression of ER foll ow ng these
treatnent§°ﬁ§§ By Q %t éé’ﬁEStern i mrunobl ot using the ER-specific

monocl onal ant ighogly h@gz -Nog, ﬁgshqmﬁcmhe eOH@mAYusrnudl;ear ER cont ent
of MCF-7 cellsﬁélo [er g/ | ane) 15B shows thﬁ §£dogenous nucl ear ER
content of |shRRaamdcR I%r%lgwd?ﬁ¢?$3PF&Me§ Frg2i8¥lrelates to I shi kava
cells tran |e t \ansfe CLgL& 51 PEAYER) . 10

l ke ﬁ%ﬁ E %%tectlon The é&

[err]g/lan nuc eér eft?act ¢’ used ¥ levels was
guanti t at eat-lay-amwmm:r y=-¥of i nmunobl ots. The results shown in Fig.

ggﬁdllflcoﬁge re%ﬁels.en ebl Vgc?fanfclfli—@I-ﬁ e_@ﬁ)i@qn'pgﬁf(agmdzp}nger t he sane
~Cyi-4alkyl-NR¥RY, -C(0)R'?, ~-C(0)ORY, -C(O)NR™OR™,
—C(O)NHC (O} R'2, -C (O)NHCH,R'?, -C(NH,) (NOR'?), -S(O)R%,
-5(0) (0) (OR'?), =-S(O) (O) {(NHCOzR'?), POsR™,
-p (0) (NRMRY?) (NR'2RY), -P(0) (NRZRY) (OR™),

~CONR (CH;) OCH3, -CONR*?(CH;) QNR°R%0oxadiazole,

substituted with methyl;

R® and R? are independently hydrogen, -Ci-;alkyl,
~-Cj_.;cycloalkyl, -0-Cisalkyl, -C..salkyl-¥Y or phenyl;

R and R'! are independently methyl or ethyl or,
taken together form a morpholino group bonded via its
nitrogen atom;

R*2, R and RY™ are independently H, -Cj_;alkyl,
-Cz-12alkenyl, -Cz.izalkynyl, ‘O-C;qgalle,
-0-C;.12alkenyl, -0-Cj-i;;alkynyl, -Ci-scycloalkenyl,
-C3.7cycloalkenyl linear and cyclic heteroalkyl, aryl,
heteroaryl or -Y:

X is oxygen or sulfur;

Y is a halogen;

n is an integer selected from 0.1 or 2;

a8

is the integer 1 or 2;

is an inteqger selected from 1 to 4; and

(o]

is an integer from 1-12,

Xo]
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- 35 - ———BXAMPEE—3+E- West ern | munobl ot

Anal ysi s ofyEgepgenous ER Expressj 7 Cel | s Fol IRSHYRSAHRGA
Term Treat nent s W t hmﬁmmﬂmy), ' fllfgoni sts Human br east
cancer MCF-7 cells were induced foOk : or 4h (Fig. 16B) in the
presence of solvent or 10 nMestradiol or antiestrogen as indicated.

Nucl ear extracts were prepared, and sanples were separated by

denat uri ng- PAGE, transferred to i ey aperedf tire arel ative
gxpressionrOPPEFNFSPPB%FE&Sﬁhég%ﬁgagggﬁénts was estinmated by western

i mrunobl of usipgshiee i ERevREAd ief fartncd aivh PRAVSTEIRF -

18. The method according to claim 17 wherein said

compound is GW5638 or GW7604.
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H222. The ER level s were quantitated by densitometry of immnoblots. The
results shgw; Fs g 16A and 16B are representative of nul tAqQIVEs98/16864
experi ment pg ormed under the sane conditions.

EXAMPLE 12 Western | mmunobl ot Anal ysi s, of. Endogenous ER Expression in

| shi kawa Cells (Cultured Uerine Cell s])/ | I owi ng Short Term Treat nents
Wth Agoni sts or Antagonists Human endonetrial adenocarci nona

| shiwaka cells were inc@B8ted for 1h (Fig. 17A) or 4h 4 g. 17B) in the
presence of solvent or 10 nM estradi ol or antiestrggen as indicated,

Nucl ear extracts were p red, and sanples were sgparated by—cEstrad I ng-
PAGE, transferred to a 298 rrenbrane and the relative expr-#s%4-QH ofamoxifen
foll owi ng these treatnents s estimted by west

n |nnunoblot he
ER- speci fi ¢ nonocl onal a@b body H222. The ER | evgl s were qua ﬁﬁ%
densitonmetry of inmmnobl'@é¥sl The results shown i/n Fig. 17A art
representative of - 36 - -3 Raloxifene
100 -o-|Cl 182780
Normalized
Luciferase gg |
Activity
RW)
40
20
O T T ! 1 T ! !
12 -1 -0 9 -8 -7 -6 FIG 1A
Conc. [M]
130
e~ Estradiol
120 -& 4-0H Tamoxifen
F - GW 5638
60 - - CW 7604
-~ Raloxifene
50. -o-1Cl 182780
Normalized
Luciferase 4
Activity
RY)
20
10+
0 T | EE— T T !
-2 -1t -10 -9 -8 -7 -6 FIG. 1B

Conc. [M]
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mul tiple experinments performed under the same conditions.

EXAVPLE 13 West ern | mmunobl ot Anal ysis of Wole Cell, and
Cyt opl asmi C %%9 %sgsgznous ER Expressi on in Ishikawa Cel FE”’%}’?%@{@
Short-Term Treatnments Wth Ag I sts or Antagonists Human
endonetri al adenocarci noma | shi kawa JI% were induced for 1h in the
presence of solvent or 10 nMestradiol or antiestrogen. Wole cell (Fig.
18A) nuclear (Fig. 18B)and cytoplasmc (Fig. 180 exmLe_'prepare_‘g
and sanpl es were separated by denaturing-PAGE, trans a nyI on
menbr ane, and the rel ats CESA N/ 0t/ ERAOF Vool g ANEAALAL ek was
estimated by Western i nmunobl ot using the ER-specific no hal a_ptl body
H222. The ER level s was quantitated by densitonetry of i bl gt st The
results shown in Fig = ' X rlrrents
performed under the sane—condtttons: = avgl
GA7604 | nhibits E2 Stiful ated MOF- 71 l T el | lifer 5

Pr

Goal : Determine e af ity of GMBER8 to inhibitSestrogen-st iThul at edlsell
proliferation of “MCF-7 'breast cagegr in vivo. T < ©
No 2 23
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BLE SS ==
o
S3 >&2 00
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+ +
(o] + + +
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Experimental Design: Plate between 25,000 and 50,000 cells per well onto
24-wel | pl amaz99/@@682 s are plated in phenol red-free nedi.a. APCE®NUSIS/16864
attachment, cells are stinulated with either antiestrogen al one or

- 37 - estrogen and antiestf,’?qﬂm I nduction time ranges from
12- 48 hours, depending on experinent. Add 4[err] (4[err]C ) thymdine,
[methyl-[err]H -to each well. Incubate at 37[err]C for 2-4 hours.

Aspirate nmedia and wash tw nce with ice

cold 10% TCA (trichloroacefic acid). ch well. .
| ncubate at 4C for 1-2 houts. Wash once A&l 1 nL 0.2N
Na CH. Transfer each Il to scintillation vi n@g 2 nL

scintillation fluid. ortex and count [[err]H. psig ts Wi

E
sci ! Lui . [~ 3=
indicate the ability of th¢ various X7
4p) 0
‘ R 8
o g3 S
o— g 02 \Y4
L ] 55' o
:6.: *
O
¥* 5
! ! ! I
= o [~ o =
4 3 B ? =
(z-wo buw) Ayususq (pJeuly suog
-2
£
[~ ]
< z [If
(<0 B g o
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O ~ 233
T 3 22V
X & 88 a
c e %
]
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conpounds to inhibit estrogen-induced and basal cell proliferation of MCF-7

cell's. (‘Seewo w088 19C. ) . . * *  PCTUs9snesehl |
docunents cited above are hereby incorporated in their entirety by
ref erence. One skilled in the art wll appreciate froma readi ng of

this disclosure that various changes i /11 m and detail can be made wit hout
departing fromthe true scope of the invention.
38

70
-lf‘ 60 —
3
E %
= 50 X
5 %
5 { { * :
3
: t
40
]
o
30 —1—FF—T T I
0.03 1 - 3 10

Dose { umol kg~1)

O Estradioi — OVX
® CW 5638 x p < 0.05

FIG. 4
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VWHAT IS CLAI MED | S: 1. A nmet hod of preventing or treating an

estrogen-sw @9? cancer in a mamal conprising adm ni st erAQT§UI98/1686# d
manmal an an a conmpound of Formula I: wherein
Rlerr] is -(CH[err])[err]CR[err]—CR[err/%err]
-(CHerr])[err]C(X)YNR[err]Rerr]; or

[err]

08

Uterine g
Weight
(9)
*
*
0.2 - s L) *
0 I 77 [ [ [
0.03 1 3 10

Dose ( pwmol kg=*)

o Estradiol —— OVX
® CW 5638 Sham

xp < 005

FIG. 6
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Rlerr] and R[err] are independently H -CHerr], -OH, -OCH[err]

-OCH err] CH(CH err])[err]; Rlerr] is -CN, pdizZps9sripscd

-CH err] [%rr%é:l—i[err], -CH[err]CH[err]-Y or -Y; Rlerr] and R err]

are independently H -C[err]alkyl, -Cferr]al kenyl, -Clerr]al kynyl,

-X-Clerr]alkyl, -X-Cerr]al kenyl, -X-Cferr]al kynyl or -Y, R[err] IS

- CN, -C[err]alkyI-O—L -C(ONR[err]R[err], -CCONRerr]Rerr],

- err]al kyl - NR[err] err], -CCORerr] J/1E(O Rerr], -C(ONRerr]ORlerr],

-C(ONHC(O R err HCH[err]R[err] -C(NHerr]) (NORerr]), -S (O
err -S(O ), -S(O (O (NHCJ e P er

R[ (O% (NREle]F err ( R[err]REle]( ) (P?g) J@V]@ (

-CC]\IR[err](CH[e'
(CHerr])[err]
Rlerr] and R er
- err]cycl oal
and Rlerr] are
nmor phol i no grou
Rlerr] are inde
-Oderr]al kyl , %
-Cerr]cycl oal k
X i's oxygen or
fromO.1 or 2;
selected from1l
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- 41 - or pharnmaceutically acceptable salt thereof, sufficient
to effect said prevention or treatnent, said cancer being resistant tg an
estrogen rewem@B6a2odul at or ot her than said compound of For mEF3/Us98/16864

2. The nmethod according to claim1 wherein said cancer is breast cancer,

uterine cancer, ovarian cancer or colon cancer. 3. The net hod
according to claim2 wherein said cancer is breast cancer. 4. The
met hod according to ctaim1 wherein said@84@cer is resistant to tanoxifen,
I doxi fene, raloxifene or 1Cl 182, 780. 5. The nethod according to

claim1 wherein said cancer is de novo resistant to said estrogen receptor

FIG. 8(B)
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The net hod according to claim1l wherein said

resi stance_to i_d estrogen receptor nodul ator is acquired. PCT/US98/16864 The
met hod acc&?l?gﬁ@s 0 claim1l wherein said conpound is GA6638 or GW604.

- 42 - 8. The net hod according to claim1l further
conprising admnistering to said mammal an effective an anmount of at | east
one conpound selected fromthe group consisting of an antiestrogen, a
ligand of retinoic acid or retinoxic X rgm€ptor, an antiprogestin, an

antiandrogen, vitamin D or netabolite thereof, a farnesyl transferase
inhibitor, a PPAR[err] or gamm

nodul at or. 6.
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agoni st and a MAP ki nase inhibitor.

9. The met hod accor di ng to
claimi1 V\/n}%re'%s id method is a nethod of treatnent. PCTYS98/1886¢fet hod
of prevent ﬁ)gd or treating a benign proliferative disorder in a mamal
conprising admnistering to said mamual a conpound of Fornula I:

[err] wherein Rlerr] is

-(CH[err])[err]CR[err]:CR[err]R[err],-(CH[err])[err]C(X)NR[err]R[err]; or
[err] - | 10/19

&
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- 43 - Rlerr] and Rl err] are |ndependently H CH err

-CCH err], Wi ghr1CH err] or -CH(CHerr])[err]; /16 )
-NJ err], err], -CHerr]CHerr], -CH[err]CH[err]-Y or -Y; R[err]
and R[err] are independently H - err]alkyl,

-Cerr]al kenyl,

-Clerr]al kynyl, -X-Cerr]alkyl, -X—C[er-l I enyICF -X]-C[err%/alkynyl or -Y,
Rlerr] is -CN, -(Jerr]al kyl -CH, -C(O)NR‘{(ﬁr%(R[err], -C(ONR[err]Rerr],
-CJerr]Jalkyl-NRerr]Rerr], -C(ORerr], -C(OORerr], -CCONRerr]OR[err],
-C (O NHC (O Rerr], -C(O NHCH err]Rerr], -C(NHerr]) (NORerr]), -S
(O Rerr], -S(9 (9 (XRerr]), -S(O9 (O (NHCJerr]Rerr]) ,
PJerr]Rerr], -P (O (NRerr]Rerr]) (NRerr]Rerr]), -P (O
(NRlerr]Rerr]) (ORerr]), CONRlerr] (CHerr])[err]CCH err],
-CONR[err](CH err])[err]NRerr] R err] oxadi azol e, substituted with methyl;
Rlerr] and Rl err] are independently hydrogen, -Clerr]alkyl

-Cerr]cycloalkyl, -Oderr]Jalkyl, -(ferr]al kyl-Y or phenyi; R err]
and Rlerr] are independently nethyl or ethyl or, taken together forma
nor phol i no group bonded via its nitrogen tOIT§ Rlerr], Rerr] and

-O(derr]alkenyl, -O(de -(Jerr]cycl oal kenyl ,
-Cerr]cycl oal kenyl linear and cyclic het aryl, hetero-aryl or -Y;

Rlerr] are independently H, -C[err]alkyl ﬂ aI kenyl, - err]al kynyl,
-Oderr]al kyl, r]

r
X is oxygen or sulfur;

+ 4§
14
LS
8V
+ S¥
-V
6t
9t

o
m
Day

FIG. 11
Results (no day 24)
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Y is a hal ogen; nis an integer selected fromO0.1 or 2;

mis

t he i nt eger wio 9708882 pis an integer selected from1 toP¢TSO816864 q

is an integer from 1-12,

44 -

or pharmaceutically acceptable salt thiéﬁgn sufficient to effect said
0

prevention or treatnent. 11. Th
wherein said disorder is endonetriosis or a uterine fibroid.

d according to claim10

12. The

nmet hod according to claim 10 wherein said nethod is a nethod of treatnent.

13. The method according to claim10 wherein said

900 +
800 -
700 -
600

500 -

5

|

Normalized Luciferase Activity
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0 —t : :
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Log [M] ligand

-4 |C] 182,780 - Raloxifene

-o-0CW 7604 ¢ ldoxifene -o- 4—0H Tamoxifen

- FIG. 12
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conpound is GAN6638 or GAT604. 14. A nmethod of preventing or treating
Al zhei mer 'wodiopessge, nmacul ar degeneration, urinary inconti neeresssnesespe ||
di abetes in a mammal conprising adm nistering to said nanmal a conpound

according to Formula I: [err] ein Rlerr] is -(CHerr])
[err]CRlerr]=CR[err]Rerr], -(Cl-l[err]“)-‘y[yefé]C(X) NR[err]Rlerr]; or
- 45 -

277
= 6004

Bk —11 -0 -8 -8 — -5 FIG 18A

Log [M] ligand

-=- Estradiol -2 ICl 182,780 -®- Raloxifene
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Rlerr] and Rlerr] are independently H -CHerr], -OH -OCHerr],

-OCH err] Ciyopspse&x -CH (CHerr])[err]; Rlerr] is -CNPCTNE98n6d64
-CH err], -CHerr]CHerr], -CHerr]-Y or -Y; Rlerr] and Rlerr] are
i ndependent |y H, C[err]al kyl , C[err] C[err]al kynyl ,
-X-Clerr]alkyl, -X-Cerr]al kenyl Wf?al kynyl or -Y, Rierr] is
- CN, -C[err]alkyl OH, C(O)NR[err]R[err] -C(ONRerr]Rerr],
-CJerr]Jalkyl-NRerr]Rerr], -C(ORerr], -C(O)CR[err], -CCONR OR -C (O
NHC (O Rerr], -C(O NHCHerr]Rerr], -C (NHerr]) (NORerr]), -S (O
Rerr], -S(O (O (ORerr]), -S(O (O (NHCOerr]Rerr]) , PQerr]Rerr],
-P (O (NR[err]R[ﬂ@ M]R[err]), -P (O (NRlerr]Rerr]) (ORerr])
-CONR[err] (CH errf]) "] rl], -CONRlerr] [err]NR[err] R err]oxadi azol e,
substituted with nethyl; Rlerr] and R err] are independently

hydrogen, -(err]al kyl, - G I k err al kyl -Y
or phenyl ; Rlerr] and eﬁ%}'kgﬁﬁg Egp@’ﬂ% {}V'&E¥Mﬁn@5‘%@ﬂk9$ or,
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- 46 - or pharmaceutically acceptable salt thereof, in an anount

suf ficient g ofobst said prevention or treatnent. 15pcTiososiresdaod
according to claim 14 wherein said nethod is a nethod of treatnent.

16. The method according to claim 14 wherein said conmpound is GN6638 or
GW604. 17. A nmethod of preventi r]]% ionception in a femal e manmal
conprising admnistering to said mammal / 9rrpound of Formula I:
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Rlerr] and Rlerr] are independently H -CHerr], -OH -OCHerr],

-OCH[ err] CHygydolosgae -CH (CH err]) [err]; Rerr] is - f’f)@s

-CH err], os -CH err]CHerr]-Y or -Y; Rl err] ag}%\r[err %éadr“e

i ndependently H, -Clerr]alkyl, -Cerr]al kenyl, -Cerr]al kynyl,
-X-Clerr]alkyl, -X-Cerr]al kenyl, -X-Cferr]al kynyl or -Y, Rierr] is
-CN, -(err]Jalkyl-CH -C (O NR[err]R[er C(O NRerr]Rerr],

12 12 13 -Jerr]al kyl - lé&?err]R[err] -C(O Rerr], -C

(O Rerr], -C(O NRerr]ORerr], -C(ONHC(ORerr],
-C(ONHCH err]Rerr], -C(NH err]) (NOR[err]), -S(O)R[err], -S (O (O
(OR[err]), -S(O (O (NRCOerr]Rerr]), PQerr]Rerr], -P(O

(NRR[err])(NR[err]Rerr]), -P(O) (NRlerr]Rerr]) (CR[err])
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- 48 - or pharmaceutically acceptable salt thereof, in an anount

suf f I ci ent Wﬂﬁfoﬁﬁﬁt sai d prevention. 18. The net hod perosshagedt O
claim 17 wherein said conmpound is GAb638 or GW604.
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