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(57) ABSTRACT

Methods for treating FSH related conditions, such as pros-
tatic intraepithelial neoplasia, pedophilia, infertility, or vagi-
nal bleeding, with GnRH antagonists are disclosed. The
methods of the invention generally feature administering to
a subject a GnRH antagonist suitable for in vivo adminis-
tration and able to reduce both plasma FSH and LH levels
in a subject, in an amount or in a formulation effective to
reduce plasma FSH levels in the subject to a symptom
alleviating level. In vitro fertilization and male contraceptive
methods are also provided.
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METHODS FOR TREATING FSH RELATED
CONDITIONS WITH GNRH ANTAGONISTS

RELATED APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 09/793,669 filed on Feb. 28, 2001
which, in turn, claims priority to U.S. Provisional Applica-
tion No. 60/185,573, filed on Feb. 28, 2000; U.S. Provisional
Application No. 60/185,574, filed on Feb. 28, 2000; U.S.
Provisional Application No. 60/238,337, filed on Oct. 5,
2000; and U.S. Provisional Application No. 60/238,338,
filed on Oct. 5, 2000. The entire contents of each of the
foregoing applications are incorporated herein by this ref-
erence.

BACKGROUND OF THE INVENTION

[0002] Luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) are hormones released by the pituitary
gland. These hormones regulate the functioning of the
gonads and the production and maturation of gametes. LH
and FSH are generally released by the pituitary gland upon
prior release of a triggering hormone from the hypothala-
mus. Luteinizing hormone-releasing hormone (LHRH; also
known as gonadotropin-releasing hormone or GnRH) is one
of the principal hypothalamic hormones that triggers the
release of LH and FSH. Thus, release of GnRH represents a
control point in the physiological regulation of gonadal
function.

[0003] LH and FSH release is necessary for ovulation in
females and for maturation of sperm in males. Accordingly,
compounds which inhibit LH and/or FSH release by block-
ing the action of GnRH, such as GnRH superagonists and
antagonists, are useful in the treatment of sex-hormone
associated disorders.

[0004] To decrease LH production, superagonists of the
gonadotropin releasing hormone receptor (GnRH-R), such
as leuprolide and goserelin, have been used. However, such
GnRH superagonists initially act to stimulate LH release
(and, frequently, testosterone or estrogen production) and
only after prolonged treatment act to desensitize GnRH-R
such that LH is no longer produced. In prostate cancer
patients, for example, the initial stimulation of LH produc-
tion by the superagonist leads to an initial surge in the
production of male hormones such that the initial response
to superagonist therapy is aggravation, rather than amelio-
ration, of the patient’s condition (e.g., tumor growth
increases). This phenomenon, known as the “flare reaction”,
can last for two to four weeks. Additionally, each successive
administration of the superagonist can cause a small LH
surge (known as the “acute-on chronic” phenomenon) that
again can worsen the condition.

[0005] Antagonists of the gonadotropin releasing hormone
receptor (GnRH-R) have been developed to overcome the
flare reaction associated with GnRH agonists. A typical
problem, however, that is frequently encountered with
GnRH antagonist peptides is the occurrence of histamine-
releasing activity. This histamine-releasing activity repre-
sents a serious obstacle to the clinical use of such antagonists
because histamine release results in adverse side effects such
as edema and itching. Many GnRH antagonist peptides also
suffer from poor water-solubility, which complicates formu-
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lation of the antagonist for administration in vivo. Due to
these characteristics, only a subset of GnRH antagonists are
suitable for in vivo use.

[0006] Even among GnRH antagonists that have been
used in vivo, such as Cetrorelix and Nal-Glu, it has been
reported that while these antagonists reduced LH levels,
they did not significantly affect FSH levels when the antago-
nist was administered to the subject in a single bolus
injection (Reissmann T, et al. Human Reproduction (1995)
10(8):1974-81 and Diedrich K, et al. Human Reproduction
(1994) 9(5):788-91)

[0007] Accordingly, GnRH antagonists that are suitable
for use in vivo (e.g., they have high water solubility and low
histamine-releasing activity) and that are able to inhibit LH
and/or FSH production in a subject, are suitable for use in
FSH related conditions, although prior attempts to reduce
FSH levels with GnRH antagonists were inadequate.

SUMMARY OF THE INVENTION

[0008] The present invention provides GnRH antagonists,
and formulations thereof, that are suitable for use in vivo and
that are able to inhibit both LH and FSH production, and
their use in treating FSH related conditions. The present
invention is based, at least in part, on the discovery that
treatment of subjects with GnRH antagonists, e.g., abarelix,
using sustained release formulations such as those described
herein, allows for the long term suppression of FSH levels
in the subject (as compared to, for example, FSH levels
achieved after treatment with an GnRH agonist). Accord-
ingly, the present invention provides a method for treating an
FSH related condition, (e.g., prostatic intraepithelial neopla-
sia, vaginal bleeding, infertility, pedophilia, precocious
puberty, prostate cancer, hormone refractory prostate cancer,
ovarian cancer, benign prostatic hypertrophy, endometriosis,
uterine fibroids, breast cancer, premenstrual syndrome,
polycystic ovary syndrome, pituitary gonadotropin tumors,
testicular cancer, ovarian cysts, disorders related to an
LH/FSH ratio imbalance, or thyroid related disorders such
as metabolic and weight disorders,) in a subject, preferably
a human, with such antagonists. The method includes
administering to the subject an GnRH antagonist suitable for
in vivo administration and able to reduce both plasma FSH
and LH levels in a subject, in an amount or in a formulation
effective to reduce plasma FSH levels in the subject to a
symptom alleviating level, thereby treating an FSH related
condition in the subject. In one embodiment, the symptom
alleviating level of FSH is 4 ng/dL or less, 3 ng/dL or less,
2 ng/dL or less or about 1 ng/dL. In a preferred embodiment,
the symptom alleviating level is 5 mIU/ml or less, 4 mIU/ml
or less, 3 mIU/ml or less, 2 mIU/ml or less, or 1 mIU/ml or
less. Ranges intermediate to the above recited values, e.g.,
1-4 mIU/ml, 1-3 mIU/ml, or 2-4 mIU/ml, are also intended
to be part of this invention. For example, ranges using a
combination of any of the above recited values as upper
and/or lower limits are intended to be included.

[0009] In a preferred embodiment, the GnRH antagonist is
a decapeptide or a nonapeptide compound having a D-as-
paragine, an [-asparagine, a D-glutamine, or an L-glutamine
at a position corresponding to position 6 of naturally occur-
ring GnRH, or a pharmaceutically acceptable salt thereof. In
one embodiment, the GnRH antagonist is a peptide com-
pound comprising a structure: A-B—C-D-E-F-G-H—I-J,



US 2007/0015714 Al

wherein A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or
Ac-D-Pal, or an analogue thereof; B is His or 4-Cl-D-Phe,
or an analogue thereof; C is Trp, D-Pal, D-Nal, L-Nal-D-
Pal(N—O), or D-Trp, or an analogue thereof; D is Ser, or an
analogue thereof, E is N-Me-Ala, Tyr, N-Me-Tyr, Ser,
Lys(iPr), 4-Cl-Phe, His, Asn, Met, Ala, Arg or Ile, or an
analogue thereof; F is D-Asn or D-Gln; G is Leu or Trp, or
an analogue thereof; H is Lys(iPr), Gln, Met, or Arg, or an
analogue thereof; I is Pro, or an analogue thereof; and J is
Gly-NH, or D-Ala-NH,, or an analogue thereof; or a phar-
maceutically acceptable salt thereof. In another embodi-
ment, the GnRH antagonist is a peptide compound compris-
ing a structure: A-B—C-D-E-F-G-H—I-J, wherein A is
pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or Ac-D-Pal, or an
analogue thereof; B is His or 4-Cl-D-Phe, or an analogue
thereof; C is Trp, D-Pal, D-Nal, L-Nal-D-Pal(N—O), or
D-Trp, or an analogue thereof, D is Ser, or an analogue
thereof; E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr), 4-Cl-
Phe, His, Asn, Met, Ala, Arg or Ile, or an analogue thereof;
F is D-Asn; G is Leu or Trp, or an analogue thereof; H is
Lys(iPr), Gln, Met, or Arg, or an analogue thereof; I is Pro,
or an analogue thereof; and J is Gly-NH, or D-Ala-NH,, or
an analogue thereof; or a pharmaceutically acceptable salt
thereof.

[0010] In preferred embodiments, the GnRH antagonist is
a peptide compound comprising a structure: Ac-D-Nal-4-
Cl-D-Phe-D-Pal-Ser-N-Me-Tyr-D-Asn-Leu-Lys(iPr)-Pro-
D-Ala-NH, or Ac-D-Nal-4-Cl-D-Phe-D-Pal-Ser-Tyr-D-Asn-
Leu-Lys(iPr)-Pro-D-Ala-NH, or a pharmaceutically
acceptable salt thereof.

[0011] In another preferred embodiment, the GnRH
antagonist has an EDs,, for histamine release in a standard in
vitro histamine release assay of at least 3 ug/ml, 5 pg/ml, or
10 pg/ml.

[0012] In one embodiment, the GnRH antagonist is
administered to the subject using a pharmaceutical compo-
sition comprising a solid ionic complex of the GnRH
antagonist and a carrier macromolecule, wherein the carrier
and GnRH antagonist used to form the complex are com-
bined at a weight ratio of carrier:GnRH antagonist of 0.8:1
to 0.1:1. In a preferred embodiment, the complex is not a
microcapsule. Ranges intermediate to the above recited
values, e.g., 0.8:1100.4:1,0.6:1t0 0.2:1,0r 0.5:1t0 0.1:1 are
also intended to be part of this invention. Other possible
ratios of carrier: GnRH antagonist include 0.5:1, 0.4:1,
0.3:1, 0.25:1, 0.15:1, and 0.1:1. Moreover, ranges of values
using a combination of any of the above recited values as
upper and/or lower limits are intended to be included.

[0013] In another embodiment, the GnRH antagonist is
administered to the subject using a pharmaceutical compo-
sition comprising a solid ionic complex of a GnRH antago-
nist and a carrier macromolecule, wherein the GnRH antago-
nist content of said complex is at least 40% by weight,
preferably at least 45%, 50%, 55%, 57%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, or 95% by weight. Ranges interme-
diate to the above recited values, e.g., at least about 50% to
about 80%, at least about 60% to about 90%, or at least about
57% to about 80%, are also intended to be part of this
invention. For example, ranges of values using a combina-
tion of any of the above recited values as upper and/or lower
limits are intended to be included.

[0014] In another embodiment, the dosage of the GnRH
antagonist is about 10-500 mg/month in a sustained-release
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form, about 20-300 mg/month in a sustained-release form,
or about 30-200 mg/month in a sustained-release form. In a
preferred embodiment, the dosage of the GnRH antagonist
is about 30-120 mg/month in a sustained-release form.
Ranges intermediate to the above recited values, e.g., about
10-200 mg/month in a sustained-release form, about 30-250
mg/month in a sustained-release form, or about 100-200
mg/month in a sustained-release form, are also intended to
be part of this invention. For example, ranges of values using
a combination of any of the above recited values as upper
and/or lower limits are intended to be included. The above
recited dosages may also be calculated and expressed in
mg/kg/day (based on an average subject weight of about 73
kg). Accordingly, in another embodiment, the dosage of the
GnRH antagonist is about 5-500 pg/kg/day, about 10-400
ng/’kg/day, or about 20-200 pg/kg/day. In a preferred
embodiment, the dosage of the GnRH antagonist is about
100 pg/kg/day.

[0015] In another aspect, the invention features a method
for treating prostatic intraepithelial neoplasia in a male
subject, preferably a human male. The method includes
administering to the subject a GnRH antagonist suitable for
in vivo administration and able to reduce both plasma FSH
and LH levels in a male subject, in an amount or in a
formulation effective to reduce plasma FSH levels in the
male subject, e.g., to a symptom alleviating level, thereby
treating prostatic intraepithelial neoplasia in the male sub-
ject.

[0016] In another aspect, the invention features a method
for treating vaginal bleeding in a female subject, preferably,
a human female. The method includes administering to the
subject a GnRH antagonist suitable for in vivo administra-
tion and able to reduce both plasma FSH and LH levels in
a female subject, in an amount or in a formulation effective
to reduce plasma FSH levels in the female subject, e.g., to
a symptom alleviating level, thereby treating vaginal bleed-
ing in the female subject. In one embodiment, the vaginal
bleeding is due to thrombocytopenia, for example, caused by
chemotherapy treatment. In another embodiment, the female
subject is suffering from a proliferative disorder, e.g., acute
myeloid leukemia. In another embodiment, the female sub-
ject is a transplant recipient.

[0017] In yet another aspect, the invention features a
method for contraception in a male subject, preferably a
human male. The method includes administering to the
subject an GnRH antagonist suitable for in vivo adminis-
tration and able to reduce both plasma FSH and LH levels
in a male subject, in an amount or in a formulation effective
to reduce plasma FSH levels in the male subject, e.g., to a
symptom alleviating level, and administering testosterone to
the male subject in an amount or in a formulation effective
to restore libido and potency in the male subject. In one
embodiment, the testosterone is administered to the male
subject after the GnRH antagonist is administered. In
another embodiment, the testosterone is administered to the
male subject before the GnRH antagonist is administered. In
yet another embodiment, the testosterone is administered to
the male subject simultaneously with the GnRH antagonist.

[0018] In yet another aspect, the invention features a
method for modulating, e.g., downregulating or upregulat-
ing, libido in a subject, preferably, a human. The method
includes administering to the subject a GnRH antagonist
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suitable for in vivo administration and able to reduce both
plasma FSH and LH levels in a subject, in an amount or in
a formulation effective to reduce plasma FSH levels in the
subject, e.g., to a symptom alleviating level, thereby modu-
lating libido in the subject. In one embodiment, the subject
is characterized as a pedophile, e.g., a subject voluntarily
seeking treatment for pedophilia or a subject seeking treat-
ment for pedophilia due to a court order.

[0019] In another aspect, the invention features a method
for treating infertility in a female subject. The method
includes administering to the subject a GnRH antagonist
suitable for in vivo administration and able to reduce both
plasma FSH and LH levels in a female subject, in an amount
or in a formulation effective to reduce plasma FSH levels in
the female subject to a symptom alleviating level; harvesting
an ovum from the female subject before the effect of the
GnRH antagonist has dissipated; combining the ovum with
a spermatozoon in vitro, thereby fertilizing the ovum; and
transferring the fertilized ovum into the uterus of the female
subject, thereby treating infertility in the female subject.
Whether the effect of the GnRH antagonist has dissipated
can be determined using one of the assays described herein,
such as by examining whether FSH levels in the subject
remain suppressed (indicative that the effect of the GnRH
antagonist has not dissipated).

[0020] In a further aspect, the invention features a method
for in vitro fertilization of an ovum. The method includes
administering to a female subject a GnRH antagonist suit-
able for in vivo administration and able to reduce both
plasma FSH and LH levels in a female subject, in an amount
or in a formulation effective to reduce plasma FSH levels in
the female subject to a symptom alleviating level; harvesting
an ovum from the female subject before the effect of the
GnRH antagonist has dissipated; and combining the ovum
with a spermatozoon in vitro, to thereby fertilize the ovum.
In a preferred embodiment, the method further includes
transferring the fertilized ovum into a uterus of a female
subject, e.g., the female subject from which the ovum was
harvested or a different female subject.

[0021] In another aspect, the invention features a method
for reducing FSH levels in a subject. The method involves
administering to the subject a GnRH antagonist suitable for
in vivo administration and able to reduce both plasma FSH
and LH levels in a subject, in an amount or in a formulation
effective to reduce plasma FSH levels in the subject, thereby
reducing FSH levels in the subject.

[0022] Other features and advantages of the invention will
be apparent from the following detailed description and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a graph depicting plasma LH levels in
subjects participating in the Phase II clinical study described
in Example 1.

[0024] FIG. 2 is a graph depicting plasma FSH levels in
subjects participating in the Phase II clinical study described
in Example 1.

[0025] FIG. 3 is a graphic representation of the treatment
schema for studies A and B, described in Example 1. In
study A, leuprolide (Lupron Depot®) was given as mono-
therapy; in study B, it was given in combination with daily
bicalutamide (Casodex®).
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[0026] FIG. 4A is a graph depicting plasma FSH and LH
levels in subjects participating in Phase III clinical study A,
described in Example 2.

[0027] FIG. 4B is a graph depicting plasma FSH and LH
levels in subjects participating in Phase III clinical study B,
described in Example 2.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] The present invention provides GnRH antagonists,
and formulations thereof, that are suitable for use in vivo and
that inhibit both LH and FSH production, and their use in
treating FSH related conditions. The present invention is
based, at least in part, on the discovery that treatment of
subjects with GnRH antagonists, e.g., abarelix, using sus-
tained release formulations such as those described herein,
allows for the long term suppression of FSH levels in the
subject (as compared to, for example, FSH levels achieved
after treatment with an GnRH agonist).

[0029] Accordingly, the present invention provides a
method for treating an FSH related condition in a subject,
preferably a human, with such antagonists. The method
includes administering to the subject a GnRH antagonist
suitable for in vivo administration and able to reduce both
plasma FSH and LH levels in a subject, in an amount or in
a formulation effective to reduce plasma FSH levels in the
subject, e.g., to a symptom alleviating level, thereby treating
an FSH related condition in the subject.

[0030] As used herein, the term “FSH related condition”
includes any disease, disorder, or condition associated with
the follicle stimulating hormone (FSH). FSH related condi-
tions include conditions, diseases, or disorders which affect
the organs of the reproductive system, e.g., the prostate
gland, the uterus, or the vagina; conditions, diseases, or
disorders which involve an imbalance in the levels of a
reproductive-hormone in a subject; and conditions, diseases,
or disorders affecting the ability of a subject to reproduce.
FSH related conditions further include conditions, diseases,
or disorders which affect the organs in which FSH receptors
are expressed. Examples of FSH related conditions include
prostatic intraepithelial neoplasia, vaginal bleeding, infertil-
ity, pedophilia, precocious puberty, prostate cancer, hor-
mone-refractory prostate cancer, ovarian cancer, benign
prostatic hypertrophy, endometriosis, uterine fibroids, breast
cancer, premenstrual syndrome, polycystic ovary syndrome,
pituitary gonadotropin tumors, testicular cancer, ovarian
cysts, disorders related to an LH/FSH ratio imbalance, or
thyroid related disorders such as metabolic and weight
disorders, such as cachexia or obesity. In one embodiment,
an FSH related condition is not intended to include preco-
cious puberty, prostate cancer, ovarian cancer, benign pro-
static hypertrophy, endometriosis, uterine fibroids, breast
cancer, premenstrual syndrome, or polycystic ovary syn-
drome. As used herein, the term “hormone-refractory pros-
tate cancer” is intended to include cancers of a type whose
growth typically is promoted by sex hormones but whose
ability to grow has become independent of sex hormones.

[0031] As used herein, the term “subject” includes warm-
blooded animals, preferably mammals, including humans. In
a preferred embodiment, the subject is a primate. In an even
more preferred embodiment, the primate is a human.
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[0032] As used herein, the term “GnRH antagonist”
includes a compound that inhibits the gonadotropin releas-
ing hormone receptor such that release of gonadotropins is
inhibited. The term “GnRH antagonist” may be used inter-
changeably with the term “GnRH—R antagonist” to include
compounds that inhibit GnRH—R such that release of both
LH and FSH is inhibited. GnRH antagonists of the present
invention are suitable for in vivo administration, e.g., they
have good water solubility and/or low histamine-releasing
activity. Preferred GnRH antagonists are those having low
histamine-releasing activity (e.g., an ED;, for histamine
release in a standard in vitro histamine release assay of at
least 3 pg/ml, more preferably at least 5 pg/ml, and still more
preferably at least 10 pg/ml) and that exhibit water solubil-
ity. Histamine-releasing activity may be assayed by, for
example, the method described in U.S. Pat. No. 4,851,385 to
Roeske. Preferred GnRH antagonists with low histamine-
releasing activity and water solubility include compounds
disclosed in U.S. Pat. No. 5,843,901 issued Dec. 1, 1998, the
entire contents of which are expressly incorporated herein
by reference. An especially preferred GnRH antagonist
comprises the structure: Ac-D-Nal', 4-Cl-D-Phe®, D-Pal®,
N-Me-Tyr’, D-Asn®, Lys(iPr)®, D-Ala'°-GnRH (referred to
herein as abarelix). The efficacy of candidate GnRH antago-
nists in inhibiting LH release can be assayed, for example,
in an animal model such as that described in Corbin and
Beattie, Endocrine Res. Commun. 2:1 (1975). In this assay,
the GnRH antagonistic activity of a candidate compound is
assayed by measuring the antiovulatory activity (AOA) of
the compound in rats. The efficacy of candidate GnRH
antagonists in inhibiting FSH release can be assayed, for
example, using an assay described in Rose et al. Endocrine
Reviews 21(1):5-22, the contents of which are incorporated
herein by reference.

[0033] For reviews of GnRH antagonists, see also B. H.
Vickery et al., eds., (1984) “GnRH and Its Analogs: Con-
traceptive and Therapeutic Applications”, MTP Press Lim-
ited, Lancaster, Pa.; and G. Schaison (1989) J. Steroid
Biochem. 33(4B): 795. Exemplary GnRH antagonists useful
in the methods of the present invention include nona- and
decapeptides, as well as peptidomimetics, that mimic the
structure of natural GnRH. GnRH antagonists are described
in further detail below.

[0034] As used herein, the term ‘“administering” to a
subject includes dispensing, delivering or applying an
GnRH antagonist, e.g., an GnRH antagonist in a pharma-
ceutical formulation, to a subject by any suitable route for
delivery of the composition to the desired location in the
subject, including delivery by either the parenteral or oral
route, intramuscular injection, subcutaneous/intradermal
injection, intravenous injection, buccal administration,
transdermal delivery and administration by the rectal,
colonic, vaginal, intranasal or respiratory tract route.

[0035] As used herein, the term “effective amount”
includes an amount effective, at dosages and for periods of
time necessary, to achieve the desired result, e.g., sufficient
to treat an FSH related condition in a subject. An effective
amount of an GnRH antagonist, as defined herein may vary
according to factors such as the discase state, age, and
weight of the subject, and the ability of the GnRH antagonist
to elicit a desired response in the subject. Dosage regimens
may be adjusted to provide the optimum therapeutic
response. An effective amount is also one in which any toxic
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or detrimental effects (e.g., side effects) of the GnRH
antagonist are outweighed by the therapeutically beneficial
effects.

[0036] As used herein, the term “symptom alleviating
level” refers to the plasma level of FSH in a subject that is
sufficient to alleviate at least one symptom associated with
an FSH related condition in the subject. For example, a
symptom alleviating level of FSH in a subject can be less
than about 5 ng/dL., preferably less than about 4 ng/dl, and
more preferably less than about 3 ng/dlL. A symptom alle-
viating level of FSH in a subject can be between about 5
ng/dL and O ng/dL.. In a preferred embodiment, the symptom
alleviating level is about 5 mIU/ml or less, about 4 mIU/ml
or less, about 3 mIU/ml or less, about 2 mIU/ml or less, or
about 1 mIU/ml or less. Ranges intermediate to the above
recited values, e.g., about 1-4 mIU/ml, about 1-3 mIU/ml, or
about 2-4 mlIU/ml, are also intended to be part of this
invention. For example, ranges using a combination of any
of the above recited values as upper and/or lower limits are
intended to be included.

[0037] As used herein, the term “FSH nadir” includes the
point at which FSH levels, e.g., FSH plasma levels, in a
subject do not decrease further even upon further treatment
with an GnRH—R antagonist. For example, an FSH nadir
has been reached in a subject when the plasma levels of FSH
in a subject are less than 5 ng/dl, preferably less than 4 ng/dl,
more preferably less than 3 ng/dl or less than 2 ng/dl, and
even more preferably less than 1 ng/dl. Preferably, an FSH
nadir has been reached in a subject when the plasma levels
of FSH in a subject are less than 5 mIU/ml, preferably less
than 4 mIU/ml, more preferably less than 3 mIU/ml or less
than 2 mlU/ml, and even more preferably less than 1
mlU/ml.

[0038] In another aspect, the invention features a method
for treating prostatic intraepithelial neoplasia in a male
subject, preferably a human male. The method includes
administering to the subject a GnRH antagonist suitable for
in vivo administration and able to reduce both plasma FSH
and LH levels in a male subject, in an amount or in a
formulation effective to reduce plasma FSH levels in the
male subject, e.g., to a symptom alleviating level, thereby
treating prostatic intraepithelial neoplasia in the male sub-
ject.

[0039] As used herein, the term “prostatic intraepithelial
neoplasia” or PIN includes the putative precancerous end of
the morphologic continuum of cellular proliferation within
prostatic ducts, ductules and acini. Two grades of PIN are
identified, low grade and high grade. High grade PIN is
considered to be a precursor invasive carcinoma. The con-
tintum which culminates in high grade PIN and early
invasive cancer is characterized by basal cell layer disrup-
tion, basement membrane disruption, progressive loss of
secretory differentiation markers, increasing nuclear and
nucleolar abnormalities, increasing proliferative potential,
and increasing variation in DNA content (aneuploidy).
Clinical studies suggest that PIN precedes carcinoma by ten
years or more, with low grade PIN first emerging in men in
the third decade of life. Prostatic intraepithelial neoplasia is
described in, for example, Colanzi P. et al. (1998) Adv. Clin.
Path. 2(4):271-284 and Bostwick D. G. (1992) J. Cell
Biochem. Suppl. 16H:10-9, the contents of which are incor-
porated herein by reference.
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[0040] In yet another aspect, the invention features a
method for treating benign prostatic hypertrophy in a male
subject, preferably a human male. The method includes
administering to the subject a GnRH antagonist suitable for
in vivo administration and able to reduce both plasma FSH
and LH levels in a male subject, in an amount or in a
formulation effective to reduce plasma FSH levels in the
male subject, e.g., to a symptom alleviating level, thereby
treating benign prostatic hypertrophy in the male subject.

[0041] As used herein, the term “benign prostatic hyper-
trophy” includes the non-malignant hypertrophy or enlarge-
ment of the prostate gland. Benign prostatic hypertrophy is
described in, for example, Goonewardena S. A. (1998)
Ceylon Med. J. 43(4):177-81 and Mebust W. K. (1992)
JAMA 268(10):1269, the contents of which are incorporated
herein by reference.

[0042] In another aspect, the invention features a method
for treating infertility in a female subject. The method
includes administering to the subject an GnRH antagonist
suitable for in vivo administration and able to reduce both
plasma FSH and LH levels in a female subject, in an amount
or in a formulation effective to reduce plasma FSH levels in
the female subject to a symptom alleviating level; harvesting
an ovum from the female subject before the effect of the
GnRH antagonist has dissipated; combining the ovum with
a spermatozoon in vitro, thereby fertilizing the ovum; and
transferring the fertilized ovum into the uterus of the female
subject, thereby treating infertility in the female subject.
Whether the effect of the GnRH antagonist has dissipated
may be determined using any of the assays described herein,
for example by assessing plasma levels of FSH.

[0043] As used herein, the term “infertility” includes the
inability to fertilize the ovum.

[0044] In a further aspect, the invention features a method
for in vitro fertilization of an ovum. The method includes
administering to a female subject a GnRH antagonist suit-
able for in vivo administration and able to reduce both
plasma FSH and LH levels in a female subject, in an amount
or in a formulation effective to reduce plasma FSH levels in
the female subject to a symptom alleviating level; harvesting
an ovum from the female subject before the effect of the
GnRH antagonist has dissipated; and combining the ovum
with a spermatozoon in vitro, to thereby fertilize the ovum.
In a preferred embodiment, the method further includes
transferring the fertilized ovum into a uterus of a female
subject, e.g., the female subject from which the ovum was
harvested or a different female subject. In various embodi-
ments, the ovum is harvested from the female subject at
about 1-30 days after GnRH antagonist administration, or
alternatively, 1-21 days, 1-14 days, or 1-7 days after GnRH
antagonist administration.

[0045] As used herein, the term “fertilization” includes a
sequence of events that begin with contact between a
spermatozoon and an ovum and end with the fusion of the
nuclei of the spermatozoon and the ovum and the intermin-
gling of maternal and paternal chromosomes. The term
fertilization includes the passage of the spermatozoon
through the corona radiata, the penetration of the zona
pellucida by the sperm, the fusion of the ovum and sper-
matozoon cell membranes, and the fusion of the nuclei.

[0046] In yet another aspect, the invention features a
method for contraception in a male subject, preferably a
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human male. The method includes administering to the
subject a GnRH antagonist suitable for in vivo administra-
tion and able to reduce both plasma FSH and LH levels in
a male subject, in an amount or in a formulation effective to
reduce plasma FSH levels in the male subject, e.g., to a
symptom alleviating level, and administering testosterone to
the male subject in an amount or in a formulation effective
to restore libido and potency in the male subject. Adminis-
tration of testosterone can occur before, during and/or after
administration of the GnRH antagonist.

[0047] As used herein, the term “contraception” includes
the prevention of fertilization by chemical means, without
destroying fertility of a subject.

[0048] As used herein, the term “libido” includes the
sexual drive of a subject, for example, the conscious or
unconscious sexual drive of a subject.

[0049] As used herein, the term “potency” includes the
ability or capacity of a male subject to achieve an erection,
i.e., the enlargement and stiffening of the penis.

[0050] In another aspect, the invention features a method
for treating vaginal bleeding in a female subject, preferably,
a human female. The method includes administering to the
subject a GnRH antagonist suitable for in vivo administra-
tion and able to reduce both plasma FSH and LH levels in
a female subject, in an amount or in a formulation effective
to reduce plasma FSH levels in the female subject, e.g., to
a symptom alleviating level, thereby treating vaginal bleed-
ing in the female subject.

[0051] As used herein, the term “vaginal bleeding”
includes bleeding through the vagina of a female subject,
other than the normal monthly menstruation based on the
menstrual cycle. The term vaginal bleeding includes bleed-
ing of excessive duration or excessive amount; frequent
menstruation; intermenstrual bleeding; and postmenopausal
bleeding.

[0052] In one embodiment, the vaginal bleeding is due to
thrombocytopenia, for example, caused by chemotherapy
treatment. In another embodiment, the female subject is
suffering from a proliferative disorder, e.g., acute myeloid
leukemia. In another embodiment, the female subject is a
transplant recipient.

[0053] As used herein, the term “thrombocytopenia”
includes a condition in which the number of blood platelets
is decreased, typically resulting in a tendency to bleed from
capillaries.

[0054] In yet another aspect, the invention features a
method for modulating, e.g., downregulating or upregulat-
ing, libido in a subject, preferably, a human. The method
includes administering to the subject a GnRH antagonist
suitable for in vivo administration and able to reduce both
plasma FSH and LH levels in a subject, in amount effective
to reduce plasma FSH levels in the subject, e.g., to a
symptom alleviating level, thereby modulating libido in the
subject. In one embodiment, the subject is characterized as
a pedophile, e.g., a subject voluntarily seeking treatment for
pedophilia or a subject seeking treatment for pedophilia due
to a court order.
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[0055] As used herein, the term “pedophile” includes a
subject suffering from pedophilia, a sexual perversion in
which children are the preferred sexual object.

[0056] In another aspect, the invention features a method
for reducing FSH levels in a subject. The method includes
administering to the subject aGnRH antagonist suitable for
in vivo administration and able to reduce both plasma FSH
and LH levels in a subject, in an amount or in a formulation
effective to reduce plasma FSH levels in the subject, thereby
reducing FSH levels in the subject.

[0057] Various aspects of the invention are described
further in the following subsections.

GnRH Antagonists

[0058] GnRH antagonists preferred for use in the methods
of the invention include those described in U.S. Pat. No.
5,843,901, the contents of which are incorporated herein by
reference. For example, GnRH antagonists suitable for use
in the methods of the invention include peptides comprising
a structure:

[0059] A-B—C-D-E-F-G-H—I-],

wherein A is D-Glu, L-Glu, or an analogue thereof; B is
D-His, L-His, or an analogue thereof; C is D-Trp,
L-Trp, or an analogue thereof; D is D-Ser, L-Ser, or an
analogue thereof; E is D-Tyr, L-Tyr, or an analogue
thereof; F is D-asparagine, L-asparagine, D-glutamine,
or L-glutamine; G is D-Leu, L-Leu or an analogue
thereof; H is D-Arg, L-Arg, or an analogue thereof; I is
D-Pro, L-Pro, or an analogue thereof, and J is D-Gly,
L-Gly, or an analogue thereof; or a pharmaceutically
acceptable salt thereof.

[0060] Ina preferred embodiment, GnRH antagonists suit-
able for use in the methods of the invention include peptides
comprising a structure:

[0061] A-B—C-D-E-F-G-H—],

wherein A is D-Glu, L-Glu, or an analogue thereof; B is
D-His, L-His, or an analogue thereof; C is D-Trp,
L-Trp, or an analogue thereof; D is D-Ser, L-Ser, or an
analogue thereof; E is D-Tyr, L-Tyr, or an analogue
thereof; F is D-asparagine, L-asparagine, D-glutamine,
or L-glutamine; G is D-Leu, L-Leu or an analogue
thereof; H is D-Arg, [.-Arg, or an analogue thereof; and
1 is D-Pro, L-Pro, or an analogue thereof; or a phar-
maceutically acceptable salt thereof.

[0062] Inanother embodiment, GnRH antagonists suitable
for use in the methods of the invention include peptides
comprising a structure:

[0063] A-B—C-D-E-F-G-H—I-J

wherein A is pyro-Glu, Ac-Nal, Ac-Qal, Ac-Sar, or Ac-
Pal, or an analogue thereof; B is His or 4-Cl-Phe, or an
analogue thereof; C is Trp, Pal, Nal, Nal-Pal(N—O), or
Trp, or an analogue thereof; D is Ser, or an analogue
thereof; E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr),
4-Cl-Phe, His, Asn, Met, Ala, Arg or Ile, or an analogue
thereof; F is Asn or Gln; G is Leu or Trp, or an analogue
thereof; H is Lys(iPr), Gln, Met, or Arg, or an analogue
thereof; 1 is Pro, or an analogue thereof; and I is
Gly-NH, or Ala-NH,, or an analogue thereof; or a
pharmaceutically acceptable salt thereof.
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[0064] Ina preferred embodiment, GnRH antagonists suit-
able for use in the methods of the invention include peptides
comprising a structure:

[0065] A-B—C-D-E-F-G-H—I-J

wherein A is pyro-Glu, Ac-Nal, Ac-Qal, Ac-Sar, or Ac-
Pal, or an analogue thereof; B is His or 4-Cl-Phe, or an
analogue thereof; C is Trp, Pal, Nal, [.-Nal-Pal(N—O),
or Trp, or an analogue thereof; D is Ser, or an analogue
thereof; E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr),
4-Cl-Phe, His, Asn, Met, Ala, Arg or Ile, or an analogue
thereof; F is Asn; G is Leu or Trp, or an analogue
thereof; H is Lys(iPr), Gln, Met, or Arg, or an analogue
thereof; 1 is Pro, or an analogue thereof; and I is
Gly-NH, or Ala-NH,, or an analogue thereof; or a
pharmaceutically acceptable salt thereof.

[0066] Inone embodiment, GnRH antagonists suitable for
use in the methods of the invention include peptides com-
prising a structure:

[0067] A-B—C-D-E-F-G-H—I

wherein A is pyro-Glu, Ac-Nal, Ac-Qal, Ac-Sar, or Ac-
Pal, or an analogue thereof; B is His or 4-Cl-Phe, or an
analogue thereof; C is Trp, Pal, Nal, Nal-Pal(N—O), or
Trp, or an analogue thereof; D is Ser, or an analogue
thereof; E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr),
4-Cl-Phe, His, Asn, Met, Ala, Arg or Ile, or an analogue
thereof; F is Asn or Gln; G is Leu or Trp, or an analogue
thereof; H is Lys(iPr), Gln, Met, or Arg, or an analogue
thereof; and I is Pro, or an analogue thereof; or a
pharmaceutically acceptable salt thereof.

[0068] Ina preferred embodiment, GnRH antagonists suit-
able for use in the methods of the invention include peptides
comprising a structure:

[0069] A-B—C-D-E-F-G-H—I

wherein A is pyro-Glu, Ac-Nal, Ac-Qal, Ac-Sar, or Ac-
Pal, or an analogue thereof; B is His or 4-Cl-Phe, or an
analogue thereof; C is Trp, Pal, Nal, [.-Nal-Pal(N—O),
or Trp, or an analogue thereof; is Ser, or an analogue
thereof; E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr),
4-Cl-Phe, His, Asn, Met, Ala, Arg or Ile, or an analogue
thereof; F is Asn; G is Leu or Trp, or an analogue
thereof; H is Lys(iPr), Gln, Met, or Arg, or an analogue
thereof; and I is Pro, or an analogue thereof; or a
pharmaceutically acceptable salt thereof.

[0070] Inanother embodiment, GnRH antagonists suitable
for use in the methods of the invention include peptides
comprising a structure:

[0071] A-B—C-D-E-F-G-H—I-J

wherein A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or
Ac-D-Pal, or an analogue thereof; B is His or 4-Cl-D-
Phe, or an analogue thereof; C is Trp, D-Pal, D-Nal,
L-Nal-D-Pal(N—O), or D-Trp, or an analogue thereof;
D is Ser, or an analogue thereof; E is N-Me-Ala, Tyr,
N-Me-Tyr, Ser, Lys(iPr), 4-Cl-Phe, His, Asn, Met, Ala,
Arg or Ile, or an analogue thereof; F is D-Asn or D-Gln;
G is Leu or Trp, or an analogue thereof; H is Lys(iPr),
Gln, Met, or Arg, or an analogue thereof; I is Pro, or an
analogue thereof; and J is Gly-NH, or D-Ala-NH,, or
an analogue thereof; or a pharmaceutically acceptable
salt thereof.
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[0072] Ina preferred embodiment, GnRH antagonists suit-
able for use in the methods of the invention include peptides
comprising a structure:

[0073] A-B—C-D-E-F-G-H—I-J

wherein A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or
Ac-D-Pal, or an analogue thereof; B is His or 4-Cl-D-
Phe, or an analogue thereof; C is Trp, D-Pal, D-Nal,
L-Nal-D-Pal(N—O), or D-Trp, or an analogue thereof;
D is Ser, or an analogue thereof; E is N-Me-Ala, Tyr,
N-Me-Tyr, Ser, Lys(iPr), 4-Cl-Phe, His, Asn, Met, Ala,
Arg or lle, or an analogue thereof; F is D-Asn; G is Leu
or Trp, or an analogue thereof; H is Lys(iPr), Gln, Met,
or Arg, or an analogue thereof; I is Pro, or an analogue
thereof; and J is Gly-NH, or D-Ala-NH,, or an ana-
logue thereof, or a pharmaceutically acceptable salt
thereof.

[0074] Inanother embodiment, GnRH antagonists suitable
for use in the methods of the invention include peptides
comprising a structure:

[0075] A-B—C-D-E-F-G-H—I

wherein A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or
Ac-D-Pal, or an analogue thereof; B is His or 4-Cl-D-
Phe, or an analogue thereof; C is Trp, D-Pal, D-Nal,
L-Nal-D-Pal(N—O), or D-Trp, or an analogue thereof;
D is Ser, or an analogue thereof; E is N-Me-Ala, Tyr,
N-Me-Tyr, Ser, Lys(iPr), 4-Cl-Phe, His, Asn, Met, Ala,
Arg or Ile, or an analogue thereof; F is D-Asn or D-Gln;
G is Leu or Trp, or an analogue thereof; H is Lys(iPr),
Gln, Met, or Arg, or an analogue thereof; and I is Pro,
or an analogue thereof; or a pharmaceutically accept-
able salt thereof.

[0076] Ina preferred embodiment, GnRH antagonists suit-
able for use in the methods of the invention include peptides
comprising a structure:

[0077] A-B—C-D-E-F-G-H—I

wherein A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or
Ac-D-Pal, or an analogue thereof; B is His or 4-Cl-D-
Phe, or an analogue thereof; C is Trp, D-Pal, D-Nal,
L-Nal-D-Pal(N—O), or D-Trp, or an analogue thereof;
D is Ser, or an analogue thereof; E is N-Me-Ala, Tyr,
N-Me-Tyr, Ser, Lys(iPr), 4-Cl-Phe, His, Asn, Met, Ala,
Arg or lle, or an analogue thereof; F is D-Asn; G is Leu
or Trp, or an analogue thereof; H is Lys(iPr), Gln, Met,
or Arg, or an analogue thereof; and I is Pro, or an
analogue thereof; or a pharmaceutically acceptable salt
thereof.

[0078] Inanother embodiment, GnRH antagonists suitable
for use in the methods of the invention include peptides
comprising a structure:

[0079] B—C-D-E-F-G-H—I-J,

Wherein B is D-His, L-His, or an analogue thereof; C is
D-Trp, L-Trp, or an analogue thereof; D is D-Ser,
L-Ser, or an analogue thereof; E is D-Tyr, L-Tyr, or an
analogue thereof; F is D-asparagine, [-asparagine,
D-glutamine, or L-glutamine; G is D-Leu, L-Leu or an
analogue thereof; H is D-Arg, L-Arg, or an analogue
thereof; I is D-Pro, L-Pro, or an analogue thereof; and
J is D-Gly, L-Gly, or an analogue thereof; or a phar-
maceutically acceptable salt thereof.
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[0080] Ina preferred embodiment, GnRH antagonists suit-
able for use in the methods of the invention include peptides
comprising a structure in which the amino acid correspond-
ing to position 6 of the naturally occurring GnRH is D-as-
paragine or D-glutamine.

[0081] In another preferred embodiment, GnRH antago-
nists suitable for use in the methods of the invention include
GnRH antagonists which inhibit ovulation in at least 50% of
treated rats in a standard rat antiovulatory assay at a dose of
5 pg/rat and which have a low histamine-releasing activity.
The term “histamine-releasing activity”, as used herein,
refers to the tendency of a compound to release histamine
when administered to a subject. The histamine-releasing
activity of a compound can be measured with an in vitro
assay (described in more detail, infra). Preferred GnRH
antagonist peptides have high activity in the rat antiovula-
tory activity assay, but low histamine releasing activity.
Preferred GnRH antagonist peptides have an EDs, in the
histamine release assay of at least 3 pg/ml, more preferably
at least 5 ug/ml, and still more preferably at least 10 pg/ml.

[0082] The GnRH antagonist peptides of the present
invention also include peptide analogues. The term “peptide
analogue” as used herein is intended to include molecules
that mimic the chemical structure of a peptide and retain the
functional properties of the peptide. A “residue” includes an
amino acid or amino acid analogue incorporated in the
peptide compound by an amide bond or amide bond
mimetic. The term “amino acid analogue” includes mol-
ecules that mimic the chemical structure of naturally-occur-
ring amino acids and that retain the functional properties of
naturally-occurring amino acids includes a moiety, other
than a naturally occurring amino acid, that conformationally
and functionally serves as a substitute for a particular amino
acid in a peptide compound without adversely interfering to
a significant extent with the function of the peptide (e.g.,
interaction of the peptide with an GnRH receptor). In some
circumstances, substitution with an amino acid analogue
may actually enhance properties of the peptide (e.g., inter-
action of the peptide with an GnRH receptor). Examples of
amino acid analogues include D-amino acids. GnRH antago-
nist peptides substituted with one or more D-amino acids
may be made using well known peptide synthesis proce-
dures.

[0083] Approaches for designing peptide analogs are
known in the art. For example, see Farmer, P. S. in Drug
Design (E. J. Ariens, ed.) Academic Press, New York, 1980,
vol. 10, pp. 119-143; Ball. J. B. and Alewood, P. F. (1990)
J. Mol. Recognition 3:55; Morgan, B. A. and Gainor, J. A.
(1989) Ann. Rep. Med. Chem. 24:243; and Freidinger, R. M.
(1989) Trends Pharmacol. Sci. 10:270.

[0084] Preferred GnRH antagonist peptides suitable for
use in the methods of the present invention range in length
from about 6 to 15 residues, preferably, from 8 to about 12
residues, more preferably from 9 to 11 residues, and most
preferably are 10 residues in length.

[0085] The GnRH antagonist peptides of the present
invention can be prepared by any suitable method for
peptide synthesis, including solution-phase and solid-phase
chemical synthesis. Preferably, the peptides are synthesized
on a solid support. Methods for chemically synthesizing
peptides are well known in the art (see, e.g., Bodansky, M.
Principles of Peptide Synmthesis, Springer Verlag, Berlin
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(1993) and Grant, G. A (ed.). Synthetic Peptides: A User’s
Guide, W. H. Freeman and Company, New York (1992).
Automated peptide synthesizers useful to make the peptides
of this invention are commercially available.

[0086] The use of combinatorial libraries to identify
ligands is now well established (see, e.g., M. A. Gallop et al.,
(1994) J. Med. Chem. 37:1233; and E. M. Gordon et al.,
(1994) J. Med. Chem. 37:1385; and references cited therein).
Therefore, additional GnRH antagonist peptides can be
identified by chemical (e.g., solution or solid-phase) syn-
thesis of combinatorial libraries (e.g., of peptides) and
screening of the resulting libraries according to known
techniques. Thus, many potential ligands can be synthesized
and screened in a short period of time, and the most active
ligands selected for further testing or use. Using the afore-
mentioned techniques, GnRH antagonists suitable for use in
the methods of the present invention may be identified.

[0087] Asused herein, a GnRH antagonist further includes
GnRH antagonists that have been described in the art such
as cetrorelix and Nal-Glu; including antagonists described in
e.g., U.S. Pat. No. 5,470,947 to Folkers et al.; Folkers et al.,
PCT Publication No. WO 89/01944; U.S. Pat. No. 5,413,990
to Haviv; U.S. Pat. No. 5,300,492 to Haviv; U.S. Pat. No.
5,371,070 to Koerber et al.; U.S. Pat. No. 5,296,468 to
Hoeger et al.; U.S. Pat. No. 5,171,835 to Janaky et al.; U.S.
Pat. No. 5,003,011 to Coy et al.; U.S. Pat. No. 4,431,635 to
Coy; U.S. Pat. No. 4,992,421 to De et al.; U.S. Pat. No.
4,851,385 to Roeske; U.S. Pat. No. 4,801,577 to Nestor, Ir.
et al.; and U.S. Pat. No. 4,689,396 to Roeske et al.

Pharmaceutical Compositions

[0088] GnRH antagonists suitable for use in the methods
of the invention can be incorporated into pharmaceutical
compositions suitable for administration to a subject, such as
those described in U.S. Pat. No. 5,968,895, the contents of
which are incorporated herein by reference, which allow for
sustained delivery of the antagonists for a period of at least
several weeks to a month or more. Preferably, a GnRH
antagonist is the sole active ingredient formulated into the
pharmaceutical composition, although in certain embodi-
ments the GnRH antagonist may be combined with one or
more other active ingredients such as a GnRH agonist,
antiandrogen and/or inhibitor of sex steroid biosynthesis. In
a preferred embodiment, the pharmaceutical composition
comprises a GnRH antagonist and a pharmaceutically
acceptable carrier.

[0089] Preferably, the GnRH antagonist is administered to
the subject as a sustained-release formulation using a phar-
maceutical composition comprising a solid ionic complex of
an GnRH antagonist and a carrier macromolecule, wherein
the carrier and GnRH antagonist used to form the complex
are combined at a weight ratio of carrier:GnRH antagonist of
for example, 0.5:1 to 0.1:1. In other embodiments, the
carrier and GnRH antagonist used to form the complex are
combined at a weight ratio of carrier:GnRH antagonist of
0.8:1, 0.7:1, 0.6:1, 0.5:1, 0.4:1, 0.3:1, 0.25:1, 0.2:1, 0.15:1,
or 0.1:1. In a preferred embodiment, the complex is not a
microcapsule. Ranges intermediate to the above recited
values, e.g., 0.8:1100.4:1,0.6:1t0 0.2:1,0r 0.5:1t0 0.1:1 are
also intended to be part of this invention. For example,
ranges of values using a combination of any of the above
recited values as upper and/or lower limits are intended to be
included.
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[0090] In another embodiment, the GnRH antagonist is
administered to the subject using a pharmaceutical compo-
sition comprising a solid ionic complex of an GnRH antago-
nist and a carrier macromolecule, wherein the GnRH antago-
nist content of said complex is at least 40% by weight,
preferably at least 45%, 50%, 55%, 57%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, or 95% by weight. Ranges interme-
diate to the above recited values, e.g., at least about 50% to
about 80%, at least about 60% to about 90%, or at least about
57% to about 80%, are also intended to be part of this
invention. For example, ranges of values using a combina-
tion of any of the above recited values as upper and/or lower
limits are intended to be included.

[0091] As used herein, the term “carrier macromolecule”
is intended to refer to a macromolecule that can complex
with a peptide to form a water-insoluble complex. Prefer-
ably, the macromolecule has a molecular weight of at least
5 kDa, more preferably at least 10 kDa. The term “anionic
carrier macromolecule” is intended to include negatively
charged high molecular weight molecules, such as anionic
polymers. The term “cationic carrier macromolecule” is
intended to include positively charged high molecular
weight molecules, such as cationic polymers.

[0092] As used herein, the term “water-insoluble com-
plex” is intended to refer to a physically and chemically
stable complex that forms upon appropriate combining of an
GnRH antagonist and carrier macromolecule according to
procedures described herein. This complex typically takes
the form of a precipitate that is produced upon combining
aqueous preparations of the GnRH antagonist and carrier
macromolecule. Although not intending to be limited by
mechanism, the formation of preferred water-insoluble com-
plexes used in the methods of the invention is thought to
involve (e.g., be mediated at least in part by) ionic interac-
tions in situations where the GnRH antagonist is cationic
and the carrier molecule is anionic or vice versa. Addition-
ally or alternatively, the formation of a water-insoluble
complex of the invention may involve (e.g., be mediated at
least in part by) hydrophobic interactions. Still further,
formation of a water-insoluble complex of the invention
may involve (e.g., be mediated at least in part by) covalent
interactions. Description of the complex as being “water-
insoluble” is intended to indicate that the complex does not
substantially or readily dissolve in water, as indicated by its
precipitation from aqueous solution. However, it should be
understood that a “water-insoluble” complex of the inven-
tion may exhibit limited solubility in water either in vitro or
in the aqueous physiological environment in vivo.

[0093] As used herein, the term “sustained delivery” or
“sustained release” is intended to refer to continual delivery
of'a GnRH antagonist in vivo over a period of time follow-
ing administration, preferably at least several days, a week
or several weeks and up to a month or more. In a preferred
embodiment, a formulation of the invention achieves sus-
tained delivery for at least about 28 days, at which point the
sustained release formulation can be readministered to
achieve sustained delivery for another 28 day period (which
readministration can be repeated every 28 days to achieve
sustained delivery for several months to years). Sustained
delivery of the GnRH antagonist can be demonstrated by, for
example, the continued therapeutic effect of the GnRH
antagonist over time (e.g., by continued suppression of FSH
and LH production over time). Alternatively, sustained
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delivery of the GnRH antagonist may be demonstrated by
detecting the presence of the GnRH antagonist in vivo over
time.

[0094] The complex used in the methods of the invention
is prepared by combining the GnRH antagonist and the
carrier macromolecule under conditions such that a water-
insoluble complex of the GnRH antagonist and the carrier
macromolecule forms.

[0095] For example, a solution of the GnRH antagonist
and a solution of the carrier macromolecule are combined
until a water-insoluble complex of the GnRH antagonist and
the carrier macromolecule precipitates out of solution. In
certain embodiments, the solutions of the GnRH antagonist
and the carrier macromolecule are aqueous solutions. Alter-
natively, if the GnRH antagonist or the carrier molecule (or
both) is not substantially water soluble prior to combination
the two, then the GnRH antagonist and/or carrier macro-
molecule can be dissolved in a water-miscible solvent, such
as an alcohol (e.g., ethanol) prior to combining the two
components of the complex. In another embodiment of the
method of preparing the water-insoluble complex, the solu-
tion of the GnRH antagonist and the solution of the carrier
macromolecule are combined and heated until a water-
insoluble complex of the GnRH antagonist and the carrier
macromolecule precipitates out of solution. The amounts of
GnRH antagonist and carrier macromolecule necessary to
achieve the water-insoluble complex may vary depending
upon the particular GnRH antagonist and carrier macromol-
ecule used, the particular solvent(s) used and/or the proce-
dure used to achieve the complex. Typically, however, the
GnRH antagonist will be in excess relative to the anionic
molecule on a molar basis. Often, the GnRH antagonist also
will be in excess on a weight/weight basis, as indicated
above. In certain embodiments, the carrier macromolecule is
preferably carboxymethylcellulose, and the GnRH antago-
nist is preferably abarelix.

[0096] Once the GnRH antagonist/macromolecule com-
plex precipitates out of solution, the precipitate can be
removed from the solution by means known in the art, such
as filtration (e.g., through a 0.45 micron nylon membrane),
centrifugation and the like. The recovered paste then can be
dried (e.g., in vacuum or in a 70° C. oven) and the solid can
be milled or pulverized to a powder by means known in the
art (e.g., hammer or gore milling, or grinding in mortar and
pestle). Alternatively, the paste can be frozen and lyo-
philized to dryness. The powder form of the complex can be
dispersed in a carrier solution to form a liquid suspension or
semi-solid dispersion suitable for injection. Accordingly, in
various embodiments, a pharmaceutical formulation of the
invention is a lyophilized solid, a liquid suspension or a
semi-solid dispersion.

[0097] In another embodiment, the pharmaceutical formu-
lation used in the methods of the invention is a sterile
formulation. For example, following formation of the water-
insoluble complex, the complex can be sterilized, preferably
by gamma irradiation or electron beam sterilization. Alter-
natively, to prepare a sterile pharmaceutical formulation, the
water-insoluble complex can be isolated using conventional
sterile techniques (e.g., using sterile starting materials and
carrying out the production process aseptically).

[0098] The pharmaceutical formulation can be adminis-
tered to the subject by any route suitable for achieving the

Jan. 18, 2007

desired therapeutic result(s), although preferred routes of
administration are parenteral routes, in particular intramus-
cular (i.m.) injection and subcutaneous/intradermal (s.c./i.d.)
injection. Alternatively, the formulation can be administered
to the subject orally. Other suitable parental routes include
intravenous injection, buccal administration, transdermal
delivery and administration by the rectal, vaginal, intranasal
or respiratory tract route. It should be noted that when a
formulation that provides sustained delivery for weeks to
months by the i.m or s.c./i.d. route is administered by an
alternative route, there may not be sustained delivery of the
agent for an equivalent length of time due to clearance of the
agent by other physiological mechanisms (i.e., the dosage
form may be cleared from the site of delivery such that
prolonged therapeutic effects are not observed for time
periods as long as those observed with im or s.c./id.
injection).

[0099] The pharmaceutical formulation contains a thera-
peutically effective amount of the GnRH antagonist. A
“therapeuically effective amount” refers to an amount effec-
tive, at dosages and for periods of time necessary, to achieve
the desired result. A therapeutically effective amount of an
GnRH antagonist may vary according to factors such as the
disease state, age, and weight of the individual, and the
ability of the GnRH antagonist (alone or in combination
with one or more other drugs) to elicit a desired response in
the individual. Dosage regimens may be adjusted to provide
the optimum therapeutic response. A therapeutically effec-
tive amount is also one in which any toxic or detrimental
effects of the antagonist are outweighed by the therapeuti-
cally beneficial effects.

[0100] In one embodiment, the dosage of the LHRH
antagonist is about 10-500 mg/month, about 20-300
mg/month, or about 30-200 mg/month. In a preferred
embodiment, the dosage of the LHRH antagonist is about
30-120 mg/month. Ranges intermediate to the above recited
values, e.g., about 10-200 mg/month, about 30-250
mg/month, or about 100-200 mg/month, are also intended to
be part of this invention. For example, ranges of values using
a combination of any of the above recited values as upper
and/or lower limits are intended to be included. The above
recited dosages may also be calculated and expressed in
mg/kg/day. Accordingly, in another embodiment, the dosage
of the LHRH antagonist is about 5-500 pg/kg/day, about
10-400 pg/kg/day, or about 20-200 pg/kg/day. In a preferred
embodiment, the dosage of the LHRH antagonist is about
100 pug/kg/day. It is to be noted that dosage values may vary
with the severity of the condition to be alleviated. It is to be
further understood that for any particular subject, specific
dosage regimens should be adjusted over time according to
the individual need and the professional judgment of the
person administering or supervising the administration of
the compositions, and that dosage ranges set forth herein are
exemplary only and are not intended to limit the scope or
practice of the claimed composition.

[0101] Preferred pharmaceutical compositions for use in
the methods of the invention are the Depot formulations
described in the Examples and prepared as described in U.S.
Pat. No. 5,968,895, the contents of which are incorporated
herein by reference. These depot formulations provide sus-
tained delivery of a GnRH antagonist (abarelix) for a period
of at least four weeks.
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In Vitro Fertilization

[0102] In a further aspect, the invention features a method
for in vitro fertilization of an ovum. The method includes
administering to the subject a GnRH antagonist suitable for
in vivo administration and able to reduce both plasma FSH
and LH levels in a female subject, in an amount or in a
formulation effective to reduce plasma FSH levels in the
female subject to a symptom alleviating level; harvesting an
ovum from the female subject before the effect of the GnRH
antagonist has dissipated; and combining the ovum with a
spermatozoon in vitro, to thereby fertilize the ovum. In a
preferred embodiment, the method further includes trans-
ferring the fertilized ovum into a uterus of a female subject.

[0103] Methods for harvesting ova from a female subject,
as well as methods for combining the ova with spermato-
zoaria, and methods of transferring the fertilized ova into a
uterus of a female subject are known in the art and are
described in, for example, U.S. Pat. Nos. 5,882,928 and
5,882,928, Spyropoulou 1. et al. (1999) Hum. Reprod.
14(1):76-9, Kastrop P. M. et al. (1999) Hum. Reprod.
14(1):65-9, Russell J. B. et al. (1999) Curr. Opin. Obstet.
Gynecol. 11(3):289-96, Gorrill M. 1. et al. (1999) Am. J.
Obstet. Gynecol. 180(6 Pt 1):1472-1474, the entire contents
of each of which are incorporated herein by reference.

[0104] This invention is further illustrated by the follow-
ing examples which should not be construed as limiting. The
contents of all references, patents and published patent
applications cited throughout this application, as well as the
Figures, are hereby incorporated by reference.

EXAMPLES

Example 1

[0105] The following example describes the results of a
multicenter, open-label Phase II study that enrolled 242 men
(prospective concurrent control, N=33; abarelix depot,
N=209). The groups were well matched for age, weight,
height, race, body mass, stage of disease, and Gleason score
(Table 4).

TABLE 4

Demographic Characteristics Of Study Population

abarelix depot ~ Concurrent controls

(N =209) (N =33)
Age (years)
Mean (SD) 72 =86 73 £6.2
Range 49-93 59-84
Weight (lbs)
Mean (SD) 188 = 36.2 185 = 28.0
Range 104-315 135-256
No. (%) nonwhite® 51 (24) 11 (33)
ECOG status (%)
0 201 (96) 33 (100)
1 5(2) 0
2 3(D 0
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TABLE 4-continued

Demographic Characteristics Of Study Population

abarelix depot ~ Concurrent controls

(N =209) (N =33)
Categories of disease (%)
Stage D,/D," 25 (12) 6 (18)
Increasing PSA after definitive 53 (25) 8 (24)
local therapy
Neoadjuvant/intermittent therapy 131 (63) 19 (58)

?African American, Hispanic, Asian, others
®D, = evidence of pelvic lymph note metastases; D, = extrapelvic soft tis-
sue or bone metastases

[0106] The institutional review boards of all participating
institutions approved the study protocol, and all men gave
written informed consent before any study procedure was
done. Abarelix depot (100 mg) (prepared as described in
U.S. Pat. No. 5,968,895) was delivered by intramuscular
injection on days 1 and 15 and, depending on testosterone
concentrations, 50 or 100 mg every 28 days for the duration
of the study. The LHRH superagonists (e.g., leuprolide
(Lupron Depot®) 7.5 mg) with or without an antiandrogen,
were administered using different depot formulations. All
men had identical baseline screening tests and on-study
laboratory and endocrinologic evaluations during the first 12
weeks. Serum concentrations of FSH and other hormones
were measured at baseline and at specified timepoints for the
first 85 days of the study. The median FSH concentration at
baseline was similar in the study and control groups (15.0
and 16.8 TU/L, respectively).

[0107] The median concentrations of FSH are shown in
FIG. 2 and the median concentrations of LH are shown in
FIG. 1. Men treated with LHRH superagonists, with or
without antiandrogens, had a surge in the serum concentra-
tions of FSH to a median of 38.8 IU/L on day 2 of the study,
before the concentration decreased. The median concentra-
tion of serum FSH reached its lowest point (4.9 IU/L) on
study day 21 before increasing to a median of 11.10 IU/L on
day 85. Conversely, the men receiving abarelix depot had an
immediate and sustained decrease in the serum concentra-
tion of FSH: the median concentration on day 2 was 10.0
TU/L. The serum concentration of FSH remained below 3.0
TU/L for all men in this group from day 21 to 85. The lowest
concentrations (1.8 IU/L) were seen on days 32, 36, and 43.

[0108] These results demonstrate that LH levels decreased
to comparable levels in the abarelix depot and the LHRH
superagonist treated subjects (FIG. 1). However, FSH levels
rose from nadir towards baseline in the LHRH superagonist
treated subjects, whereas FSH levels remained at nadir in the
abarelix depot treated subjects for a sustained period of time
(FIG. 2).

Example 2

[0109] The following example describes results of experi-
ments examining levels of FSH in plasma of human subjects
treated with the GnRH antagonist abarelix, obtained from a
Phase I1I clinical trial involving administration of abarelix to
prostate cancer patients.

Study Design and Schema

[0110] The following Phase III clinical studies A and B
(using the abarelix depot) were blinded, randomized, paral-
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lel-group, multicenter phase 3 trials conducted in adult male
patients with prostate cancer who were candidates for initial
hormonal therapy, including patients with local or regional
disease who were candidates for neoadjuvant hormonal
therapy; patients with metastatic disease (stage D1 or D2);
patients with rising prostate specific antigen (PSA) levels
after radical prostatectomy, radiation therapy, or other local
therapy; and patients scheduled for their initial course of
intermittent therapy.

[0111] Patients were randomized to receive either abarelix
depot 100 mg or active control medication (leuprolide
(Lupron Depot®) 7.5 mg in study A; leuprolide (Lupron
Depot®) 7.5 mg plus daily bicalutamide (Casodex®) in
study B). As indicated in Table 1 (below) and FIG. 3,
patients received abarelix depot or leuprolide (Lupron
Depot®) by intramuscular (IM) injection on days 1, 29, 57,
85, 113, and 141. Patients in the abarelix depot group
received an additional injection of study drug on day 15. As
clinically indicated, patients could continue treatment with
study drug for up to 1 year with injections on day 169 and
every 28 days thereafter (up to 7 additional injections
beyond day 141).

[0112] Depending on their day 169 testosterone levels
(i.e., if>50 ng/dL), patients in the abarelix depot group
received an extra injection of study drug on day 183 (2
weeks before their next regularly scheduled injection).
Patients in the active control groups with testosterone>50
ng/dL, on day 169 received a leuprolide (Lupron Depot®)
7.5 mg injection on day 169. These patients were then
discontinued from active control medication and were dosed
with abarelix depot beginning on day 197, 2 weeks later on
day 211, 2 weeks after that on day 225, and every 28 days
thereafter.

TABLE 1

Jan. 18, 2007

Results

[0113]

were randomized to receive leuprolide (Lupron Depot®) 7.5

In study A, 271 patients were enrolled, 91 patients

mg and 180 patients were randomized to receive abarelix
depot. The first patient received study medication on 01 Dec.
1998, the last patient was first dose on 7 Apr. 1999, and the
last patient completed the day 169 assessments on 14 Sep.
1999. Twenty-six centers in the United States enrolled at
least 1 patient in the 20 study.

[0114]

were randomized to receive leuprolide (Lupron Depot®)

In study B, 255 patients were enrolled, 85 patients

plus bicalutamide (Casodex®) and 170 patients were ran-
domized to receive abarelix depot. Twenty-two centers in
the United States enrolled at least 1 patient in the study.

[0115]
mone (FSH) level in the active control group increased more
than 2-fold over the baseline median on day 2 (see Table 2).
By day 8 the median FSH level in the active control group

In study A, the median follicle-stimulating hor-

was reduced to less than half of the baseline median (4.0
mlU/ml), and remained at approximately this level through
day 85. In contrast, the median FSH level in the abarelix
depot group decreased to well below baseline as early as day
2 (5.0 mIU/ml) and remained at this level through day 85.

Schedule of Events

STUDY PERIODS
1.1
4 to 5 wks post
Screening/ last month of
Baseline Treatment treatment
Day -14 to (Study Days) (89 wks post
ASSESSMENTS Day 1 1 2 4 8 15 last injection)
29 30 32 36 43 71
57 58 60 64 85
113 99 169
141 127
155
Informed Consent X
Special Chemistry Panel'? X X X X X X X X X X X
abarelix-depot? X X X
Lupron ® Depot 1-Month? X X
(leuprolide)
daily Casodex ® (Study B)? X X X X X X X X X

bicalutamide

!Special Chemistry Panel (includes FSH)

2Patients on study beyond Day 169 are to have FSH performed every 28 days. Also required 28 days post last
injection, to conclude treatment portion of study.

3abarelix depot - Dose on Days 1, 13, 29, 57, 85, 113 and 141 - 100 mg IM. Leuprolide (Lupron ® Depot)
1-Month - Dose on Days 1, 29, 57, 85, 113 and 141 - 7.5 mg plus daily bicalutamide (Casodex ®). Day 1
through Day 169. If continuing on treatment see section V.C. Treatment for dosing beyond Day 169.
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TABLE 2

Study A: Median Serum Follicle-Stimulating Hormone Levels

Treatment Group

Lupron Depot ®

(leuprolide) abarelix depot
N =189 N =180
Median FSH Median FSH
Levels Levels

n (mIU/ml) n (mIU/ml) p-value!
Baseline 88 9.0 180 8.0 0.584
Day 2 88 21.0 179 5.0 <0.001
Day 4 85 10.0 173 3.0 <0.001
Day 8 82 4.0 177 3.0 <0.001
Day 15 88 2.5 179 2.0 0.842

Day 29 88 3.0 179 1.0

Day 57 85 4.0 174 1.0

Day 85 86 4.5 175 2.0

'Wilcoxon rank sum test

[0116] In study B, the median FSH level in the active
control group increased more than 2-fold over the baseline
median level at day 2, followed by a subsequent decrease to
approximately half of the baseline level (see Table 3). In the
abarelix depot group, the median FSH level decreased to
well below the baseline median value by day 2, and subse-
quently steadily decreased to 1 mIU/ml (detection limit of
the assay).

TABLE 3

Study B: Median Serum Follicle-Stimulating Hormone Levels

Treatment Group

Lupron Depot ®
(leuprolide)
plus Casodex ®

(bicalutamide) abarelix depot

N =283 N =168
Median FSH Median FSH
Levels Levels

n (mIU/ml) n (mIU/ml) p-value!
Baseline 83 8.0 167 8.0 0.853
Day 2 30 17.0 165 5.0 <0.001
Day 4 30 8.5 162 4.0 <0.001
Day 8 79 4.0 165 3.0 0.014
Day 15 79 3.0 165 2.0 0.363
Day 29 81 3.0 168 1.0
Day 57 78 4.0 164 1.0
Day 85 30 5.0 164 1.0

'Wilcoxon rank sum test

[0117] Thus, as indicated in Tables 2 and 3 and in FIG. 4,
in both studies A and B, abarelix depot was superior to active
control medication (i.e., leuprolide (Lupron Depot®)) in
rapidly suppressing FSH levels. Median FSH levels were
significantly lower in the abarelix depot group than in the
active control group on day 2 through day 8. In addition, the
suppression of FSH appeared to be more robust in abarelix
depot group versus the active control group from day 29
through day 85.
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Example 3

[0118] The effect of abarelix depot on FSH levels was
further evaluated in phase III multicenter studies and com-
pared to the effect of leuprolide+bicalutamide (L+B) on FSH
levels. FSH levels were measured throughout the study in
patients treated with injections of 100 mg abarelix depot and
7.5 mg leuprolidexoral daily bicalutamide 50 mg. Avoidance
of FSH surge (50% over baseline FSH) on day 2 and
maintenance of FSH suppression (= FSH at baseline) on day
169 were evaluated in 512 patients. Data from the two
studies was pooled for abarelix depot treated patients.

TABLE 5

Patients (%) with FSH Response

leuprolide +

abarelix depot leuprolide bicalutamide

Avoidance of FSH
surge

Maintenance of FSH
Suppression (day 169)

345/345 (100%)  14/87 (16%) 8/80% (10%)

312/322 (97%)  66/80 (82%) 48/69 (70%)

[0119] FSH levels were rapidly suppressed with abarelix
depot as compared to L+B. None of the abarelix depot
treated patients versus 84% of the leuprolide (Lupron
Depot®) treated and 90% of the L+B treated patients
experienced a hormone surge. FSH suppression was main-
tained in all but 3% of the abarelix depot treated patients as
compared to 18% of the leuprolide (Lupron Depot®) treated
and 30% of the L+B treated patients (see Table 5). The
foregoing data indicates that in comparison witn leuprolide
with or without bicalutamide, abarelix depot demonstrates a
different effect on FSH manifested as: a more rapid reduc-
tion in FSH levels, avoidance of FSH surge, and greater
maintenance of FSH suppression.

Example 4

[0120] The effect of abarelix depot treatment on FSH
levels was compared to the effect of L+B treatment on FSH
levels in two large phase III trials in early and late stage PC
patients who were candidates for initial hormonal therapy.
Patients were randomized to receive monthly intramuscular
injections of abarelix depot 100 mg or leuprolide 7.5
mgzdaily oral bicalutamide 50 mg. Abarelix depot treated
patients received an additional injection on day 15. FSH
levels were measured at frequent intervals throughout the
study. Avoidance of FSH surge (50% over baseline) on day
2 and maintenance of FSH suppression (=FSH at baseline)
on day 169 were evaluated in 512 patients. Abarelix depot
data from the two studies were pooled. The results of this
study are set forth in Table 6.

TABLE 6
FSH Levels (ng/mL

Day1l Day2 Day4 Day?29 Day&85 Day 169
leuprolide 15 31.5 15 3 4.5 5
leuprolide = 8 17 8.5 3 5 5
bicalutamide
abarelix 8 5 4 1 1 2
depot
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[0121] FSH surge was avoided in 100% of abarelix depot
treated patients as compared to 16% of leuprolide treated
patients and 10% of L+B treated patients. All but 3% of
patients treated with abarelix depot versus 18% and 30% of
patients treated with leuprolide and L+B, respectively, main-
tained suppression of FSH at day 169. As indicated by these
results, in comparison with leuprolidetbicalutamide,
abarelix depot demonstrated a differential effect on FSH.
Abarelix depot: 1) avoided the initial surge in FSH; 2)
suppressed FSH faster and to a lower level; and 3) more
effectively maintained suppression of FSH.

Example 5

[0122] The following example describes results of experi-
ments examining levels of FSH in plasma of human female
subjects treated with the GnRH antagonist abarelix, obtained
from a clinical trial involving administration of abarelix to
endometriosis patients.

[0123] Forty patients (randomized into five arms (4
abarelix depot doses, 1 leuprolide dose)) were randomized
to receive one of four doses of abarelix depot (30, 60, 90,
and 120 mg) administered subcutaneously every 4 weeks for
24 weeks or leuprolide (Lupron Depot®) 3.75 mg admin-
istered intramuscularly every 4 weeks for 24 weeks. The
patients were evaluated for hormonal levels and that data
obtained from this study are set forth in Table 7.

TABLE 7

FSH (mIU/mL)
Median (min, max)

Abarelix  Abarelix ~ Abarelix  Abarelix

Lupron 30 mg 60 mg 90 mg 120 mg

Day 1, 65(5,13) 7(5,11) 9(5,13) 7(6,13) 6(4,8)
0 hr

Day 1, 16 (9,27) 64,9 8(4,12) 6(5,12) 5(3,7)
2 hr

Day 1, 28 (13,47) 6(4,8) 6(3,11) 6(5 100 43,7
4 hr

Day 2 14 (10,23) 4 (3, 6) 43,7 43,7 5(2,5)

Day 29 4(1, 6) 4 (3, 6) 3(1,7) 2(1,6) 1(1,3)

Day 85 4(2,8) 31,7 3(1,4) 1(1,3) 1(1,4)

Day 169 5(3,8) 3(1,6) 4(1,5) 2(1,5) 1(1,2)

[0124] The foregoing data indicates that in comparison
with leuprolide (Lupron Depot®), abarelix depot (especially
at higher dosages) demonstrates a different effect on FSH
manifested as a more rapid reduction in FSH levels and
greater maintenance of FSH suppression.

Equivalents

[0125] Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be
encompassed by the following claims.

1. A method for treating an FSH related condition in a
subject, comprising administering to a subject a GnRH
antagonist suitable for in vivo administration and able to
reduce both plasma FSH and LH levels in a subject, in an
amount or in a formulation effective to reduce plasma FSH
levels in the subject to a symptom alleviating level, thereby
treating an FSH related condition in the subject.
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2. The method of claim 1, wherein the symptom allevi-
ating level is about 1 mIU/ml or less.

3. The method of claim 1, wherein the symptom allevi-
ating level is about 2 mIU/ml or less.

4. The method of claim 1, wherein the symptom allevi-
ating level is about 3 mIU/ml or less.

5. The method of claim 1, wherein the symptom allevi-
ating level is about 4 mIU/ml or less.

6. The method of claim 1, wherein the symptom allevi-
ating level is about 1-4 mIU/ml.

7. The method of claim 1, wherein the FSH related
condition is selected from the group consisting of prostatic
intraepithelial neoplasia, vaginal bleeding, infertility, pedo-
philia, precocious puberty, prostate cancer, ovarian cancer,
benign prostatic hypertrophy, endometriosis, uterine
fibroids, breast cancer, premenstrual syndrome, polycystic
ovary syndrome, pituitary gonadotropin tumors, testicular
cancer, ovarian cysts, disorders related to an LH/FSH ratio
imbalance, and thyroid related disorders.

8. The method of claim 1, wherein the FSH related
condition is selected from the group consisting of prostatic
intraepithelial neoplasia, vaginal bleeding, infertility, pedo-
philia, and pituitary gonadotropin tumors.

9.-15. (canceled)

16. The method of claim 7, wherein the vaginal bleeding
is due to thrombocytopenia.

17. The method of claim 16, wherein the thrombocytope-
nia is caused by chemotherapy treatment.

18. The method of claim 7, wherein the subject is suffer-
ing from a proliferative disorder and the condition is vaginal
bleeding.

19. The method of claim 18, wherein the proliferative
disorder is acute myeloid leukemia.

20. The method of claim 7, wherein the subject is a
transplant recipient and the condition is vaginal bleeding.

21.-25. (canceled)

26. A method for contraception in a male subject com-
prising:

administering to a male subject a GnRH antagonist suit-
able for in vivo administration and able to reduce both
plasma FSH and LH levels in a male subject, in an
amount or in a formulation effective to reduce plasma
FSH levels in the male subject to a symptom alleviating
level; and

administering testosterone to the male subject in an
amount or in a formulation effective to restore libido
and potency in the male subject.

27.-34. (canceled)

35. The method of claim 1, wherein the GnRH antagonist
has an EDy, for histamine release in a standard in vitro
histamine release assay of at least 3 pg/ml.

36. The method of claim 1, wherein the GnRH antagonist
has an EDy, for histamine release in a standard in vitro
histamine release assay of at least 5 pg/ml.

37. The method of claim 1, wherein the GnRH antagonist
has an EDy, for histamine release in a standard in vitro
histamine release assay of at least 10 pg/ml.

38. The method of claim 1, wherein the GnRH antagonist
is a decapeptide or a nonapeptide compound having a
D-asparagine, an L-asparagine, a D-glutamine, or an
L-glutamine at a position corresponding to position 6 of
naturally occurring GnRH, or a pharmaceutically acceptable
salt thereof.
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39. The method of claim 38, wherein the GnRH antago-
nist is a decapeptide.

40. The method of claim 38, wherein the GnRH antago-
nist is a nonapeptide.

41. The method of claim 1, wherein the GnRH antagonist
is a peptide compound comprising a structure:

A-B—C-D-E-F-G-H—I-J
wherein

A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or Ac-D-Pal,
or an analogue thereof;

B is His or 4-Cl- D-Phe, or an analogue thereof;

C is Trp, D-Pal, D-Nal, L-Nal-D-Pal(N—O), or D-Trp, or
an analogue thereof;

D is Ser, or an analogue thereof;

E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr), 4-Cl-Phe,
His, Asn, Met, Ala, Arg or Ile, or an analogue thereof;

F is D-Asn or D-Gln;

G is Leu or Trp, or an analogue thereof;

H is Lys(iPr), Gln, Met, or Arg, or an analogue thereof;
1 is Pro, or an analogue thereof; and

J is Gly-NH, or D-Ala-NH,, or an analogue thereof;

or a pharmaceutically acceptable salt thereof.
42. The method of claim 1, wherein the GnRH antagonist
a peptide compound comprising a structure:

A-B—C-D-E-F-G-H—I-J

i

)

wherein

A is pyro-Glu, Ac-D-Nal, Ac-D-Qal, Ac-Sar, or Ac-D-Pal,
or an analogue thereof,

B is His or 4-CI-D-Phe, or an analogue thereof;

C is Trp, D-Pal, D-Nal, L-Nal-D-Pal(IN—O), or Trp, or an
analogue thereof;

D is Ser, or an analogue thereof;

E is N-Me-Ala, Tyr, N-Me-Tyr, Ser, Lys(iPr), 4-Cl-Phe,
His, Asn, Met, Ala, Arg or Ile, or an analogue thereof;

F is D-Asn;

G is Leu or Trp, or an analogue thereof;

H is Lys(iPr), Gln, Met, or Arg, or an analogue thereof;
1 is Pro, or an analogue thereof; and

J is Gly-NH, or D-Ala-NH,, or an analogue thereof; or a
pharmaceutically acceptable salt thereof.

43. The method of claim 1, wherein the GnRH antagonist

a peptide compound comprising a structure:

Ac-D-Nal-4-Cl-D-Phe-D-Pal-Ser-N-Me-Tyr-D-Asn-Leu-
Lys(iPr)-Pro-D-Ala-NH,;

i

)

or a pharmaceutically acceptable salt thereof.
44. The method of claim 1, wherein the GnRH antagonist
is a peptide compound comprising a structure:
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Ac-D-Nal-4-Cl-D-Phe-D-Pal-Ser-Tyr-D-Asn-Leu-Ly-
s(iPr)-Pro-D-Ala-NH,;

or a pharmaceutically acceptable salt thereof.

45. The method of claim 1, wherein the GnRH antagonist
is administered to the subject using a sustained-release
formulation

46. The method of claim 44, wherein the sustained-release
formulation of GnRH antagonist comprises a solid ionic
complex of a GnRH antagonist and a carrier macromolecule,
wherein the carrier and GnRH antagonist used to form the
complex are combined at a weight ratio of carrier:antagonist
of 0.5:1 to 0.1:1.

47. The method of claim 1, wherein the GnRH antagonist
is administered at a dosage of about 5-500 pg/kg/day.

48. The method of claim 1, wherein the GnRH antagonist
is administered at a dosage of about 10-400 ng/kg/day.

49. The method of claim 1, wherein the GnRH antagonist
is administered at a dosage of about 10-100 ng/kg/day.

50. The method of claim 1, wherein the subject is a
mammal.

51. The method of claim 50, wherein the mammal is a
human.

52. The method of claim 51, wherein the mammal is a
female human.

53. The method of claim 51, wherein the mammal is a
male human.

54. A method for treating infertility in a female subject
comprising:

administering to a female subject a GnRH antagonist
suitable for in vivo administration and able to reduce
both plasma FSH and LH levels in a female subject, in
an amount or in a formulation effective to reduce
plasma FSH levels in the female subject to a symptom
alleviating level;

harvesting an ovum from the female subject before the
effect of the GnRH antagonist has dissipated;

combining the ovum with a spermatozoon in vitro,
thereby fertilizing the ovum; and

transferring the fertilized ovum into the uterus of the
female subject, thereby treating infertility in the female
subject.

55. (canceled)

56. A method for in vitro fertilization of an ovum com-

prising:

administering to a female subject a GnRH antagonist
suitable for in vivo administration and able to reduce
both plasma FSH and LH levels in a female subject, in
an amount or in a formulation effective to reduce
plasma FSH levels in the female subject to a symptom
alleviating level;

harvesting an ovum from the female subject before the
effect of the GnRH antagonist has dissipated; and

combining the ovum with a spermatozoon in vitro, to
thereby fertilize the ovum.
57.-59. (canceled)



