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USE OF 4-HYDROXYTAMOXIFEN FOR THE PREPARATION OF A MEDICAMENT FOR

THE TREATMENT OF GYNECOMASTIA

Background of the Invention

The present invention relates to the prevention and treatment of gynecomastia

with 4-hydroxy tamoxifen (4-OH1).

Gynecomastia is a common clinical condition, often presenting secondarily to
an underlying disorder, representing the benign and sometimes painful proliferation of
breast tissue in young boys and adult males (Mathur and Braunstein, 1997). During the
early, or florid phase, of the condition, breast tissue undergoes ductal proliferation
accompanied by epithelial and stromal hyperplasia. After prolonged periods of time,
the florid phase gives way to a fibrotic phase characterized by increased stromal
hyalinization and dilation of the ducts. In many individuals, gynecomastia

spontaneously regresses.

Generally, gynecomastia results from an imbalance, at the breast tissue level, of
the hormones estrogen and androgen. Multiple underlying pathophysiological
mechanisms may account for this estrogen-androgen imbalance. These
pathophysiological mechanisms can be broadly categorized as having physiologic,
pathologic or pharmacologic origins. In most affected individuals, gynecomastia results

from the combined effects of multiple pathophysiological mechanisms.

Physiologic gynecomastia may occur in neonatal, pubertal, or senescent
individuals. Neonatal onset of the condition is generally transient, and caused by
exposure to maternal hormones. Pubertal onset gynecomastia occurs frequently as a
result of normal hormonal changes, and usually is self-limiting. In elderly men,
gynecomastia occurs based on intrinsic aspects of the aging process, such as

progressive primary testicular failure and overall increases in adipose tissue.

Gynecomastia also may result from various pathologic mechanisms that impart
an estrogen-androgen imbalance. The imbalance may result from an increase in serum
estrogen through such mechanisms as increased hormone production from the testes,

adrenal gland or various neoplasms; increased displacement of estrogen relative to
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androgen from the blood-borne sex hormone binding globulin (SHBG); decreased
estrogen metabolism; or the administration of exogenous estrogen or estrogen-like
compounds. The estrogen-androgen imbalance also may result from a decrease in
androgens or decrease in the effectiveness of androgens from such mechanisms as
congenital or acquired gonadal failure, decreased secretion of androgens from the testes, -
altered metabolism of androgens, increased binding of androgen relative to estrogen by
the SHBG or defects in the androgen receptor. Additionally, gynecomastia may be

idiopathic, caused by chronic illness or result from an enhanced sensitivity of the breast

tissue to normal concentrations of estrogen.

The administration of drugs, acting by a wide variety of mechanisms, also may
induce gynecomastia. Both prescription and over-the-counter drugs, as well as
recreational drugs, may have this effect. For example, drugs like cimetidine, flutamide
and spironolactone block the action of androgen receptors and thereby cause an
effective estrogen-androgen imbalance at the breast tissue level. The antifungal
ketoconazole is known to inhibit testosterone biosynthesis. Cancer chemotherapeutic
agents, including alkylating agents, may produce gynecomastia through a direct
testicular effect, and cause increasing serum concentrations of gonadotropins. Further,
individuals undergoing highly active antiretroviral therapy (HAART) for HIV/AIDS

may also develop gynecomastia.

Environmental and industrial agents, such as pesticides, also can cause

gynecomastia.

Due to the variety of underlying mechanisms, no uniformly acceptable method
for preventing or treating gynecomastia exists. The main treatment of transient |
pubescent and drug-induced gynecomastia is sympathetic reassurance of the affected
individual (Lazala and Saenger, 2002). Frequently, drug-induced gynecomastia is
treated by discontinued administration of the offending agent (Glass, 1994). However,
in cases such as treatment of HIV/AIDS with HAART, limited choice of alternative
treatments may prevent the discontinuation of the offending agents. Treatment of
underlying disorders, such as hepatic dysfunction, hyperthyroidism, hypogonadism or
the like, may also improve or resolve gynecomastia. For individuals with prostate
cancer who undergo surgical castration or are medically rendered hypogonadal, low-

dose radiation therapy has been prospectively used to prevent gynecomastia (Gagnon et
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al., 1979). In cases like prostate cancer, where the underlying disorder cannot be
successfully treated, medical therapy for the improvement of gynecomastia may also be
attempted. Finally, where gynecomastia has been long-term or fails to respond to
medical therapy, surgical excision of the excessive tissue may occur (Daniels and
Layer, 2001). Ablation of the breast tissue is well known but has significant
drawbacks. Surgical complications include donut deformity of the breasts, nipple
necrosis, nipple flattening, inversion, or loss of sensation. Besides the obvious expense
and risk involved, surgical scars and asymmetry of the nipple-areolar complex often
cause more embarrassment to the affected individual than the original condition. In a
majority of cases, cosmetically unsatisfactory results occur that may be correctible with

pectoral implants or liposuction.

Medical therapy is most effective during the florid phase of gynecomastia,
because most treatments focus on decreasing the serum estrogen-androgen ratio which
causes the ductal proliferation and its accompanying hyperplasia (Lazala and Saenger,
2002). Testosterone therapy yields generally disappointing results because the hormone
is aromatized to estrogen, further exacerbating the estrogen-androgen imbalance.
Nonaromatizable testosterone derivatives show some benefit. However, these therapies
have many undesirable side effects, such as edema, acne and cramps. Estrogen receptor
blockade drugs, such as Tamoxifen, have also been used to treat gynecomastia.
Although it is not approved for treatment of gynecomastia in the United States,
Gruntmanis and Braunstein (2002) suggest the best treatment results can be expected

from the estrogen receptor blockage drug Tamoxifen.

In spite of its benefits, Tamoxifen has significant drawbacks. Its action
potentially impacts on every estrogen receptor bearing cell in the body, and as both an
agonist and antagonist, tamoxifen provokes a wide range of systemic effects.
Tamoxifen is a known genotoxic agent and has been shown to cause hepatocarcinoma
in rats. As such, it has been classified by the International Agency for Research on
Cancer as a class I human carcinogen. Adverse effects associated with tamoxifen
include nausea and vomiting, bone and tumor pain, hypercalcemia, depression,
lightheadedness and headaches, alopecia, rash, liver disturbances, cataracts, deep vein
thrombosis, pulmonary embolism, and peripheral blood and platelet disorders such as

leucopenia, neutropenia, and thrombocytopenia.
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Therefore, a strong need still exists for gynecomastia treatments and

prophylactics that provoke few systemic side effects.

Summary of the Invention

The present invention includes a method of treating gynecomastia by
administering 4-hydroxy tamoxifen. This treatment approach, preferably implemented

topically, effectively resolves the proliferation of breast tissue.

The present invention also includes a method of preventing gynecomastia by
administering 4-hydroxy tamoxifen. As with the treatment approach, the prophylactic

approach is preferably implemented topically.

For the purposes of prophylaxis and treatment, 4-hydroxy tamoxifen may be
administered by any means that delivers it to estrogen receptor-bearing cells in vivo. As
noted, it is preferable that the administration be done percutaneously (topically), to
avoid the first-pass effect and related liver metabolism of 4-hydroxy tamoxiten. For
percutaneous administration, 4-hydroxy tamoxifen may be applied to any skin surface.
Application to the breasts during percutaneous administration is advantageous because

4-hydroxy tamoxifen tends to concentrate in local subcutaneous tissues with estrogen

receptors.

A broad range of formulations are suitable for performing the invention, but
hydroalcoholic solutions and gels are preferred. The concentration of 4-hydroxy
tamoxifen in these formulations may vary, but a dose should result in local 4-hydroxy

tamoxifen tissue concentrations that effectively oppose estrogenic driven effects.

Brief Description of the Figures

Figure 1 depicts the metabolism of tamoxiten.

Figure 2 depicts plasma concentrations of 4-hydroxy tamoxifen in healthy

women following cutaneous administration.

Detailed Description of the Preferred Embodiments

An important aspect of the present invention is the surprising discovery that 4-

hydroxy tamoxifen, when administered percutaneously, may be effective not only in

4
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treating but also in preventing gynecomastia. Moreover, percutaneously administered
4-hydroxy tamoxifen results in lower plasma levels of the drug than the standard dose
of oral tamoxifen, which translates to fewer adverse side effects. Accordingly,

percutaneous 4-hydroxy tamoxifen is an alternative to tamoxifen for both treatment and

prophylaxis in this context.

The compound 4-hydroxy tamoxifen, or 1-[4-(2-N-
dimethylaminoethoxy)phenyl]-1-(4-hydroxyphenyl)-2-phenylbut-1-ene, constitutes an
active metabolite of the well characterized anti-estrogen compound, tamoxifen. Due to
the presence of a double bond between two carbon atoms, 4- hydroxy tamoxifen exists
in two stereoisomeric forms. According to the medical and biochemical literature,
isomeric forms of 4-hydroxy tamoxifen are commonly designated as cis and trans
isomers. From a purely chemical perspective, however, this designation is not strictly
accurate because each double bonded carbon atom does not contain an identical

chemical group. Therefore, it is more appropriate to refer to the 1somers as £ (the so-

called cis form) and Z (the so-called trans form) configurations. Both the £ and Z

isomers of 4-hydroxy tamoxifen, either alone or in combination, are useful according to
the present invention. The Z isomer is preferred, however, because it is more active

than the E 1somer.

4-Hydroxy tamoxifen acts as a selective estrogen receptor modulator (SERM)

that exhibits tissue-specificity for estrogen receptive tissues. In breast tissue, it
functions as an estrogen antagonist. Studies have shown that 4-hydroxy tamoxifen can
regulate the transcriptional activity of estrogen-related receptors, which may contribute
to its tissue-specific activity. In vitro, 4-hydroxy tamoxifen exhibits more potency than
tamoxifen, as measured by binding affinity to estrogen receptors, or ERs, and a binding
affinity similar to estradiol for estrogen receptors (Robertson et al., 1982; Kuiper ef al.,
1997). Z-4-hydroxy tamoxifen inhibits the growth in culture of normal human
epithelial breast cells 100 fold more than Z-tamoxifen (Malet ef al., 1988).

Although 4-hydroxy tamoxifen is a tamoxifen metabolite, its usetulness tor
oynecomastia is not presaged by previous experience with tamoxifen itself. There is a
noticeable dearth of published reports testing the efficacy of treatment with 4-hydroxy
tamoxifen. In addition, tamoxifen is extensively metabolized in humans, as shown 1n

Figure 1. Thus, its action in vivo is the net result of individual actions by the parent
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compound and its metabolite compounds competing for the occupation of receptors
within target tissues. For example, see Jordan, 1982. Each of these compounds
manifests different and unpredictable biological activities in different cells, determined
in part by each compound’s individual eftect on estrogen receptor conformation. That
is, estrogen receptor binding of each compound generates a unique receptor-ligand
conformation that recruits different cofactors, and results in varying pharmacologies for

the different compounds (Wijayaratne et al., 1999; Giambiagi ef al., 1988).

Several examples of these varying effects have been documented. For instance,
tamoxifen but not 4-hydroxy tamoxifen is a potent rat liver carcinogen. (Carthew ef al.,
2001; Sauvez et al., 1999). Additionally, tamoxifen but not 4-hydroxy tamoxifen
reportedly initiates apoptosis in pS3(-) normal human mammary epithelial cells (Dietze
et al., 2001). By contrast, 4-hydroxy tamoxifen exhibits a significant inhibitory effect
on estrone sulphatase activity in mammary cancer cell lines, while tamoxifen has little

or no effect in this regard (Chetrite et al., 1993).

Methods for preparing 4-hydroxy tamoxifen are well known. For example, U.S.

patent No. 4,919,937 describes a synthesis, derived from Robertson and

Katzenellenbogen, 1982, that occurs in stages:

Stage 1 - Reaction between 4-(B-dimethylaminoethoxy)-a-ethyldeoxybenzoin

and p-(2-tetrahydropyranyloxy)phenylmagnesium bromide;

Stage 2 - Separately from stage 1, formation of 1-(4-hydroxyphenyl)-2-phenyl-
1-butanone by hydroxylation of 1,2-diphenyl-1~butanone;

Stage 3 - Reaction between the products of stages 1 and 2 to form 1-(4-
dimethylaminoethoxyphenyl)-1-[p-2-tetrahydropyranyloxy)phenyl]-2-
phenylbutan-1-ol;

Stage 4 - Dehydration with methanol/hydrochloric acid produces 1-[p-(j3-
dimethylaminoethoxy)phenyl|-Z-1-(p-hydroxyphenyl)-2-pheny-1-but-1-ene=4-

OH-tamoxifen, a mixture of £ and Z isomers;

Stage 5 - Separation of the £ and Z isomers by chromatography and

crystallization to constant specific activity.
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According to the present invention, 4-hydroxy tamoxifen may be administered
to a patient diagnosed with gynecomastia. The condition preferably will be in its florid
phase, as it is believed that 4-hydroxy tamoxifen primarily acts by decreasing the
effective estrogen-androgen ratio at the breast tissue level. For example 1n pubescent
males with active and painful gynecomastia, the condition may be treated by topical
administration of 4-hydroxy tamoxifen to one or both breasts. Thus, one advantage of
topical administration is the option of localized treatment of a single breast if the

individual is experiencing only unilateral tissue proliferation.

The present invention also contemplates administration of 4-hydroxy tamoxifen
prophylactically, to a patient at increased risk for developing gynecomastia. Many risk
factors for gynecomastia are well established. For instance, individuals with prostate
cancer who undergo surgical castration or are medically rendered hypogonadal through
the use of hormone therapy have an increased incidence of gynecomastia. Prophylactic
application of low-dose radiation therapy has been used to prevent gynecomastia from
occurring in these patients (Gagnon ef al., 1979). A skilled medical practitioner can
evaluate the pertinent risk factors to determine whether a patient will benetit trom

prophylactic use of 4-hydroxy tamoxifen.

Pursuant to the present invention, 4-hydroxy tamoxifen may be administered in
any dosage form and via any system that delivers the active compound to breast
estrogen receptors in vivo. Preferably, the 4-hydroxy tamoxifen is delivered by
“percutaneous administration,” a phrase that denotes any mode of delivering a drug
from the surface of a patient’s skin, through the straturh corneum, epidermis, and
dermis layers, and into the microcirculation. This is typically accomplished by
diffusion down a concentration gradient. The diffusion may occur via intracellular
penetration (through the cells), intercellular penetration (between the cells),
transappendageal penetration (through the hair follicles, sweat, and sebaceous glands),

or any combination of these.

Percutaneous administration of 4-hydroxy tamoxifen offers several advantages.
First, it avoids the hepatic metabolism that occurs subsequent to oral administration
(Mauvais-Jarvis et al., 1986). Second, percutaneous administration significantly
reduces systemic drug exposure, and the attendant risks from non-specifically activating

estrogen receptors throughout the body; this, because topical 4-hydroxy tamoxifen 1s
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absorbed primarily into local tissues. In particular, when 4-hydroxy tamoxifen is
percutaneously applied to breasts, high concentrations accumulate in the breast tissue,
presumably due to many estrogen receptors therein, without creating a high plasma
concentration (Mauvais-Jarvis et al., supra). Pursuant to the present invention,

therefore, 4-hydroxy tamoxifen may be applied to any skin surtface, but preferably to

one or both breasts.

Although the invention is not constrained to any particular theory, clinically
significant side effects of anti-estrogen agents occur when the agents displace estradiol
in non-target tissues. Because 4-hydroxy tamoxifen and estradiol have similar binding
affinities for estrogen receptors, a competition between them for receptor binding would
be approximately equal when the concentration of each compound approximates that of
the other. If the 4-hydroxy tamoxifen concentration exceeds the estradiol concentration,

the former will be bound preferentially to the estrogen receptors, and vice versa.

Accordingly, doses of 4-hydroxy tamoxifen that result in plasma concentrations
less than about 20 pg/mL, or the mean estradiol concentration in normal men, are
preferred. The daily doses to be administered can initially be estimated based upon the
absorption coefficients of 4-hydroxy tamoxifen, the breast tissue concentration that is
desired, and the plasma concentration that should not be exceeded. Of course, the

initial dose may be optimized in each patient, depending on individual responses.

As noted above, by targeting 4-hydroxy tamoxifen to breast tissue, high
concentrations can be achieved in that tissue without simultaneously raising 4-hydroxy
tamoxifen plasma levels to a point where significant systemic competition for estradiol
receptors occufs. As an example, in women, at a percutaneous dose of 1 mg/breast/day,
4-hydroxy tamoxifen concentration in breast tissue exceeds normal estradiol
concentrations in breast tissue by a factor of 4. (Barrat ef al., 1990; Pujol et al., supra).
Moreover, 4-hydroxy tamoxifen applied in this manner reaches concentrations in breast
tissue that are an order of magnitude higher than concentrations in plasma, i.e., 10:1.

By contrast, the breast tissue to plasma ratio of 4-hydroxy tamoxifen following oral

administration of tamoxifen is about J:1.

In men, breast tissue contains large numbers of ER-positive cells, regardless of

age. In fact, men have a higher percentage of ER-positive breast cells than age-matched
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women without breast disease. Breast tissue from gynecomastia also has a high level of

ER expression (Sasano et al., 1996), and a significantly higher level of Ki67 expression,
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a marker of proliferation (Shoker et al., 2000). Accordingly, male breast tissue, like

female breast tissue, can capture 4-hydroxy tamoxifen that has been released through

skin.

In a percutaneous formulation, doses on the order of 0.25-2.0 mg/breast/day of
4-hydroxy tamoxifen should achieve the desired result, with doses ot about 0.5-1.0
mg/breast/day being preferred. In particular embodiments, the dosage is about 0.25,
0.5, 0.75 or 1.0 mg/breast/day of 4-hydroxy tamoxiten.

Percutaneous administration can be accomplished mainly in two different ways:
(i) by mixing a therapeutically active compound or its non-toxic pharmaceutically
acceptable salt with suitable pharmaceutical carriers and, optionally, penetration
enhancers to form ointments, emulsions, lotions, sblutions, creams, gels or the like,
where an amount of said preparation 1s applied onto a certain area of the skin, or (11) by
incorporating the therapeutically active substance into patches or transdermal delivery

systems according to known technology.

The effectiveness of percutaneous drug administration depends on many factors,
including drug concentration, surface area ot application, time and duration of
application, skin hydration, physicochemical properties of the drug, and partitioning of
the drug between the formulation and the skin. Drug formulations intended for
percutaneous use take advantage of these factors to achieve optimal delivery. Such
formulations often comprise penetration enhancers that improve percutaneous
absorption by reducing the resistance of the stratum corneum by reversibly altering its
physiochemical properties, changing hydration in the stratum corneum, acting as co-
solvent, or changing the organization of lipids and proteins in the intercellular spaces.
Such enhancers of percutaneous absorption include surfactants, DMSO, alcohol,
acetone, propyleneglycol, polyethylene glycol, fatty acids or fatty alcohols and their
derivatives, hydroxyacids, pyrrolidones, urea, essential oils, and mixtures thereof. In
addition to chemical enhancers, physical methods can increase percutaneous absorption.
For example, occlusive bandages induce hydration of the skin. Other physical methods

include iontophoresis and sonophoresis, which use electrical fields and high-frequency
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ultrasound, respectively, to enhance absorption of drugs that are poorly absorbed due to

their size and 1onic characteristics.

The many factors and methods relating to percutaneous drug delivery are
reviewed in REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY, Alfonso R.
Gennaro (Lippincott Williams & Wilkins, 2000), at pages 836-58, and in
PERCUTANEOUS ABSORPTION: DRUGS COSMETICS MECHANISMS METHODOLOGY,
Bronaugh and Maibach (Marcel Dekker, 1999). As these publications evidence, those
in the pharmaceutical field can manipulate the various factors and methods to achieve

efficacious percutaneous delivery.

4-Hydroxy tamoxifen is a large and very lipophilic molecule; hence, without
assistance from penetration enhancers it poorly penetrates the skin. Accordingly,
formulations of 4-hydroxy tamoxifen used in the present invention preferably comprise
one or more penetration enhancers. Alcohols are preferred enhancers because 4-
hydroxy tamoxifen is soluble in alcohol. Isopropyl myristate also is a preferred

enhancer.

For percutaneous administration, 4-hydroxy tamoxifen may be delivered in an
ointment, cream, gel, emulsion (lotion), powder, oil or similar formulation. To this
end, the formulation may comprise customary excipient additives, including vegetable
oils such as almond oil, olive oil, peach kernel oil, groundnut oil, castor oil and the like,
animal oils, DMSO, fat and fat-like substances, lanolin lipoids, phosphatides,
hydrocarbons such as paraffins, petroleum jelly, waxes, detergent emulsifying agents,
lecithin, alcohols, carotin, polyols or polyglycols such as glycerol (or glycerine),
glycerol ethers, glycols, glycol ethers, polyethylene glycol, polypropylene glycol, non-
volatile fatty alcohols, acids, esters, volatile alcoholic compounds, urea, talc, cellulose

derivatives, coloring agents, antioxidants and preservatives.

According to the present invention, 4-hydroxy tamoxifen also may be delivered
via a transdermal patch. In one embodiment, the patch comprises a reservoir for the 4-
hydroxy tamoxifen formula. The patch may comprise (a) a solution-impermeable
backing foil, (b) a layer-like element having a cavity, (c) a microporous or semi-
permeable membrane, (d) a self-adhesive layer, and (e) optionally, a removable backing

film. The layer-like element having a cavity may be formed by the backing foil and the

10.
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membrane. Alternatively, the patch may comprise (a) a solution-impermeable backing
foil, (b) an open-pored foam, a closed-pore foam, a tissue-like layer or a fibrous web-
like layer as reservoir, (¢) if the layer according to (b) 1s not self-adhesive, a self-

adhesive layer, and (d) optionally a removable backing film.

In preferred embodiments of the invention, 4-hydroxy tamoxifen is formulated
in a hydroalcoholic gel. The amount of 4-hydroxy tamoxifen in such a gel may range
from about 0.001 to about 2.0 grams of 4-hydroxy tamoxifen per 100 grams of gel. The
amount of 4-hydroxy tamoxifen also may range from about 0.01 to about 2.0, about
0.01 to about 1.75, about 0.01 to about 1.5, about 0.01 to about 1.25, about 0.01 to
about 1, about 0.01 to about 0.75, about 0.02 to about 0.5, about 0.03 to about 0.4,
about 0.04 to about 0.3, about 0.05 to about 0.25, about 0.05 to about 0.2, about 0.05 to
about 0.15, or about 0.05 to about 0.1 gram of 4-hydroxy tamoxifen per 100 grams of
gel. Preferably, it ranges from about 0.01 to about 0.1 gram of 4-hydroxy tamoxifen
per 100 grams of gel. Thus, the amount of 4-hydroxy tamoxifen per 100 grams of gel
may be about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.11, 0.12, 0.13,
0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.2, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26, 0.27, 0.28, 0.29,
0.3, 0.31, 0.32, 0.33, 0.34, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9,
0.95,1.0,1.1,12,13,14,1.5,1.6,1.7,1.8, 1.9 or 2.0 grams.

It is also preferred that 4-hydroxy tamoxifen formulations comprise one or
more fatty acid esters as a penetration enhancer. One highly preferred example of a
fatty acid ester penetration enhancer is 1sopropyl myristate. When isopropyl myristate
is used in a gel, the amount may range from about 0.1 to about 5.0 grams per 100 grams
of gel. The amount of isopropyl myristate also may range from about 0.1 to about 4.5,
about 0.2 to about 4.0, about 0.3 to about 3.5, about 0.4 to about 3, about 0.4 to about
2.5, about 0.5 to about 2.0, about 0.5 to about 1.9, about 0.5 to about 1.8, about 0.5 to
about 1.7, about 0.5 to about 1.6, about 0.5 to about 1.5, about 0.6 to about 1.4, about
0.7 to about 1.3, about 0.8 to about 1.2, about 0.9 to about 1.1, or about 1.0 gram per
100 grams of gel. Preferably, the amount of isopropy myristate ranges from about 0.5
to about 2.0 grams per 100 grams of gel, and most preferably it ranges from about 0.9 to
about 1.1 grams per 100 grams of gel.

4-Hydroxy tamoxifen formulations of the invention generally will comprise one

or more nonaqueous vehicles. These vehicles should be capable of dissolving both 4-
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hydroxy tamoxifen and any penetration enhancer used. They also should have a low
boiling point, preferably less than 100°C at atmospheric pressure, to permit rapid
evaporation upon contact with the skin. Examples of suitable non-aqueous vehicles
include ethanol, isopropanol and ethyl acetate. Ethanol and 1sopropanol are preferred.
In particular, ethanol effectively contributes to the percutaneous absorption of 4-
hydroxy tamoxifen by rapidly evaporating upon contact with skin. The amount of
nonaqueous vehicle in a gel formulation can range between 40% and 85%, and
generally ranges between 54% and 85% by weight. Preferably the amount of
nonaqueous vehicle in a gel formulation ranges between 60% and 80%, and more

preferably between 65% and 75% by weight.

Formulations also may comprise an aqueous vehicle, which permits
solubilization of any hydrophilic molecules in a formulation, and also promotes
diffusion of lipophilic molecules from the formulation to the skin. An aqueous vehicle
also can regulate pH. Aqueous vehicles include alkalinizing and basic buttfer solutions,
including phosphate buffered solutions (e.g., dibasic or monobasic sodium phosphate),
citrate buffered solutions (e.g., sodium citrate or potassium citrate) and simply purified
water. The amount of an aqueous vehicle preferably ranges between 15% and 45% by

weight of a gel formulation, and more preferably between 25% and 35%.

Additionally, 4-hydroxy tamoxifen formulations may comprise one or more
gelling agents to increase the viscosity of a formulation and/or to function as a
solubilizing agent. Depending on the gelling agent’s nature, it may constitute between
0.1% and 20% by weight of a formulation, preferably between 0.5% and 10%, and still
more preferably between 1% and 5%. Preferred gelling agents include carbomers,
cellulose derivatives, poloxamers and poloxamines. More particularly, preferred
gelling agents are chitosan, dextran, pectins, natural gum and cellulose derivatives such
as ethyl cellulose, hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxypropyl

methyl cellulose (HPMC), carboxymethyl cellulose (CMC), and the like. One highly
preferred gelling agent is hydroxypropyl cellulose.

When a formulation comprises a gelling agent, in particular a non-preneutralized
acrylic polymer, it may advantageously also comprise a neutralizing agent. The
neutralizing agent/gelling agent ratio preferably 1s between 10:1 and 0.1:1, more

preferably between 7:1 and 0.5:1, and still more preferably between 4:1 and 1:1. A
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neutralizing agent should form, in the presence of the polymer, salts that are soluble in
the vehicle. A neutralizing agent also should permit optimum swelling of polymer
chains during neutralization of charges and formation of polymer salts. Useful
neutralizing agents include sodium hydroxide, ammonium hydroxide, potassium
hydroxide, arginine, aminomethylpropanol, trolamine and tromethamine. Those skilled
in the art will select a neutralizing agent according to the type of gelling agent
employed in a formulation. When cellulose derivatives are used as gelling agents,

however, no neutralizing agents are required.

Table 1 describes the composition of two highly preferred 4-hydroxy tamoxifen

gel formulations.

Table 1: Composition of 4-Hydroxy Tamoxifen Gel Formulations

i S ——— ey P ———— e P S

Ingredigl-;t ) B Quantity per 100 g of gel ) '
20 mg 4-OHT Gel S7 mg 4-OHT Gel

et ==
S— P I ———— e i e

4-Hydroxy Tamoxifen O.O2Té=- 0.057 g
95% Ethyl Alcohol, EP-USP 72 g 72 g
Isopropyl myristate, EP-USP l g
Hydroxypropylcellulose, EP-USP 1.5¢g
Phosphate Buffer (pH 7, diluted 1:4) q.s. 100 g q.s. 100 g

EP: European Pharmacopoeia; USP: US Pharmacopoeia

Reference to the following, illustrative examples will help to provide a more complete

understanding of the invention.
Example 1: Demonstration of Percutaneous 4-Hydroxy Tamoxifen Delivery

Four patients with breast cancer received [*H]-4-hydroxy tamoxifen in an
alcoholic solution applied directly to the breasts at specified intervals between 12 hours
to 7 days prior to surgery to excise diseased tissue. After surgery, both the excised

tissue and the normal breast tissue surrounding the tumor contained radioactivity

(Kuttenn et al., 1985).
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In a follow-up study, 9 of 12 patients scheduled for surgical excision of
hormone-dependent breast cancer received Z-["H]-4-hydroxy tamoxifen (80 uCi)ina

60% alcoholic solution, and 3 patients recetved Z-["H]-tamoxifen (80 pCi) for
comparison. The patients received [’H]-labeled drug applied directly on the affected

5  breasts at specified intervals ranging from 12 hours to 7 days before surgery to excise
diseased tissue. Breast tissue from three regions: the tumor, tissue immediately
surrounding the tumor, and normal tissue, was excised and immediately frozen in hiquid
nitrogen. Additionally, plasma and urine samples were obtained at scheduled intervals

and frozen until analysis.

10 Table 2 shows results from the analyses performed. 4-Hydroxy tamoxifen
concentrated predominantly in the cytosolic and nuclear fractions of breast tissue,
where estrogen receptors are present. In these intracellular sites, 4-hydroxy tamoxifen
remained unmetabolized except for limited 1somerization from the Z to the £ form.
Retention in the breast lasted approximately 4 days in the 4-hydroxy tamoxifen group,

15  but was shorter and far weaker in the tamoxifen group.

Table 2: [BH]-4-Hydr0xy Tamoxifen and Metabolites Identified in Breast
Tumor Tissue Following Percutaneous Administration of Z-[’H]-4-Hydroxy
Tamoxifen to the Affected Breast

B Metabolitesm ) % Metabolitg in Breast Tissue |

12hr' | 24 hr 36 hr Day 7

4-Hydroxy Tamoxifen B ,_97—'(' o4 | 78 | 70 _]——65 W

j N-Desmeth}l-4-Hydro§; Tamoxifen 2 L 4 14 I 20 L 16
Bisphenol - 1 | 2 3 | 8 8

i N-ﬁesrﬂethylﬁoxifen - 1 <t | <« 3-4

| Tamoxifen - o - <1 | 2 l

'Time after administration of Z- [BH]--4-hydroxy tamoxifen

20 The percentage of radioactivity identified as [’H]-4-hydroxy tamoxifen in breast
tissue after percutaneous administration decreased slowly over seven days (from 97% to
65%). During this period a progressive isomerization of the Z i1somer into the £ isomer

occurred, with similar percentages observed at day 7 (32% and 33%,). |
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The radioactivity in blood due to [3 H]-4-hydroxy tamoxifen increased gradually,
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with a plateau from days 4 to 6. This contrasts with [’H]-tamoxifen, which rapidly
appeared in the blood, plateauing at 2 days. At 36 hours following percutaneous [3 H]-4-

hydroxy tamoxifen administration, only 0.5% of the radioactivity administered showed

in the blood.

In contrast to the near absence of 4-hydroxy tamoxifen metabolism in the breast
tissue, marked metabolism occurred in blood. In blood, at 24 hours atfter
administration, 68% of radioactivity represented 4-hydroxy tamoxifen, 18% represented

N-desmethyl-4-hydroxy tamoxifen, and 11% represented bisphenol.

Peak urinary elimination occurred at a later time following percutaneous
administration of 4-hydroxy tamoxifen compared to percutaneous tamoxiten.
Following application of 4-hydroxy tamoxifen, a progressive increase of metabolites,

mostly N-desmethyl-4-hydroxy tamoxifen and bisphenol, was observed in the urine.

This eXample demonstrates that percutaneous application of 4-hydroxy
tamoxifen to the breasts results in a substantial and lasting local tissue concentration of
the drug, with minimal metabolism, stable and very low plasma concentrations, and
slow elimination via the urine. These attributes of percutaneously applied 4-hydroxy
tamoxifen are anticipated to be particularly important for the prevention and treatment

of gynecomastia.

Example 2: Demonstration of the Pharmacokinetics and Pharmacodynamics of
Percutaneously Administered 4-OH-Tamoxifen Compared to 20 mg
of Oral Tamoxifen

This study compared the tissue and plasma concentrations ot 4-hydroxy
tamoxifen after percutaneous administration via a hydroalcoholic gel with tissue and

plasma concentrations of 4-hydroxy tamoxifen after oral administration of tamoxifen

(Pujol, 1995).

Thirty-one patients scheduled for breast cancer surgery were randomly assigned
to 1 of 5 groups. They received treatment with either oral tamoxifen or percutaneous 4-
hydroxy tamoxifen as outlined in Table 3. Treatment was daily and lasted for 3-4
weeks prior to surgery. The study evaluated three different doses of 4-hydroxy

tamoxifen (0.5, 1, or 2 mg/day) and two areas of application (either to both breasts or to
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a large surface of skin including arms, forearms, and shoulders). One group of patients

received 20 mg/day (10 mg b.i.d.) of oral tamoxifen (Nolvaldex®).

Table 3: Treatment Groups

‘ Group. N Application Site
mg/breast/day Total Daily
Dose (mg/day)
- ___|
1 ‘ 6 | PO tamoxifen -- -- 20
. i - ) | _
2 6 4-OHT gel both breasts | 0.25 0.5
3 S 4-OHT gel both breasts 0.50 I 1
4 | 5 4-OHT gel arms, forearms, and - 1
shoulders
5 6 4-OHT éel arms, forearms,and | = - oy
shoulders

*10 mg b.i.d.

® divided into 2 daily applications; 1 mg in the morning and 1 mg in the evening

The 4-hydroxy tamoxifen gel (20 mg of 4-hydroxy tamoxifen/100 g of hydroalcholic
gel; Besins-International Laboratories) was packaged in a pressurized dose-metering
pump that delivered 1.25 g of gel/metered dose (1.e., 0.25 mg of 4-hydroxy

tamoxifen/dose).

> each) of breast tissue were excised, one

During surgery, two samples (1 cm
tumoral and the other macroscopically normal. They were immediately frozen in liquid
nitrogen until assayed. Blood samples were obtained on the day of and the day prior to
surgery. All tissue and plasma samples were analyzed for 4-hydroxy tamoxifen

concentration by gas chromatograph/mass spectrometry (GC-MS).

Pre and post-treatment blood samples were assayed for complete blood counts
(CBC), bilirubin, serum glutamic-pyruvic transaminase (SGPT), serum glutamic-
oxaloacetic transaminase (SGOT), alkaline phosphatase, creatinine, estradiol, follicle-

stimulating hormone (FSH), luteinizing hormone (LH), sex hormone-binding globulin
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(SHBG), cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL),

triglycerides, fibrinogen, and anti-thrombin III.

Table 4 below summarizes the concentration of 4-hydroxy tamoxifen found in

breast tissue and plasma. Normal and tumor breast tissues contained similar

concentrations of 4-hydroxy tamoxifen in all five treatment groups. 4-hydroxy

tamoxifen concentrated at higher amounts in breast tissue when the gel was applied

directly to the breasts, rather than to other large skin surfaces.

Table 4: Concentrations of 4-hydroxy tamoxifen

, -Groui)-l N

Mean + SD 4-hydroxy tamoxifen (Range)

Tumor (pg/g) I

Plasma Concentrations (pg/mL) Normal Tissue
Day Pre-Surgery | Day of Surgery (pg/2) i
1 | 6 2326 +585 | 2317 + 1098 10215 + 2151 12453 + 3751
(1371 - 2959)° (881 - 4176) (5873 —11511) | (9568 — 18904)°
2 | 6 0 C17+27 3534513 | 1447 +2673
(0 - 0)* (0° - 61) (04~ 1317) (0f — 6889)
3 |5 164 + 131 O 62+71 | 1112+1125 1877 + 2472
(29 - 279)° 1 (28 - 190) (197-2979 | (345-6211) |
4 |5 04+76 |  13+£29 |  140+130 |  552+357
(35 - 201)° (0° - 65) 0°-270) | (271-1150) |
5 | 6 78 + 138 73+£114 | 992+2195 | 224+312 |
’ (0°-284)° | (0° - 244) | (0%-5462) 0%-799) |
| I R | o
* n=5
b =4

* 4 patients had undetectable levels of 4-hydroxy tamoxifen (LOQ=20 pg/ml)

43 patients had undetectable levels of 4-hydroxy tamoxifen

* 2 patients had undetectable levels of 4-hydroxy tamoxifen

"1 patient had undetectable levels of 4-hydroxy tamoxifen

Side effects did not pose a significant problem. Cutaneous treatment did not

cause any local irritation. One woman in Group 2 (0.5 mg/day of 4-hydroxy tamoxifen
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gel) reported dizzy spells, cystitis, and mild vaginitis occurring on the seventh day of

treatment. One woman in Group 1 (oral tamoxifen) reported hot flashes and mild

vaginitis on the fifth day of treatment.

No differences existed between the pre- and post treatment blood samples for
any of the hematology or serum chemistry evaluations in the patients who received 4-
hydroxy tamoxifen gel. However, a statistically significant decrease in anti-thrombin
I1I and fibrinogen and a statistically significant increase in platelet and lymphocyte
counts were observed in the oral tamoxifen group, consistent with the biologic effects
of this drug observed in other studies. Thus, percutaneously applied 4-hydroxy
tamoxifen is an especially attractive method of preventing and treating gynecomastia

due to its reduced adverse effects.

Example 3: Demonstration of Tolerance and Pharmacokinetics of
Percutaneously Administered 4-OH-Tamoxifen in Healthy Women

This study demonstrates the tolerance and pharmacokinetics of topically applied
4-hydroxy tamoxifen gel in healthy premenopausal women, aged 18 - 45. Each

participant applied the gel daily for the duration of two menstrual cycles.

Three doses and two gel concentrations were tested, as summarized in Table 5.
For Groups A-C, the gel, containing 20 mg of 4-hydroxy tamoxifen/100 g, was
dispensed from a pressurized dose-metering pump that delivered 0.25 mg of 4-hydroxy
tamoxifen/dose. The study of Group C was suspended because the quantity of gel was
too large to be applied to a single breast. Groups D and E received a more concentrated
gel that contained almost 3 times as much 4-hydroxy tamoxifen: 57 mg of 4-hydroxy
tamoxifen/100 g, or 50 mg of 4-hydroxy tamoxifen/100 mL of gel. This more
concentrated gel also was delivered by a dose-metering pump that supplied 0.25 mg of

4-hydroxy tamoxifen/dose.
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Table 5: Treatment Groups

Gel Cox;centration Treatment

(mg of 4-OHT/g of gel)

20 nlg/ 100 g l 1 metered dose/breast/dgy- - l

20 mg/100 g | "~ 2 metered do-s-es/-bre@day -

20 mg/100 g ] “study“waé—interrﬁ_p-ted ) :
| 57 mg/ 100 g ' " 2 metered doses/breast/day ]

57 ; mg/1 00 g_ " 4 metered doses/breast/day -

PP _ - e
~CE—— il p————— A — — e

10

15

20

At the end of a menstrual cycle, each patient received a single dose, after which serial

blood samples were collected at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 12, 18, 24, 36, 48, and 72

hours.

On the first day of the following menstruation, treatment, which consisted of
daily application of the gel over two menstrual cycles, began. Blood samples were
collected 24 hours following the morning application of gel on days 7, 20 and 25 of the
first and second cycles. On the last day of administration, day 25 of the second
menstrual cycle, serial blood samples were collected prior to application and at 0.5, 1,

1.5,2,3,4,6,12, 18, 24, 36, 48, and 72 hours after application of the gel. The samples

were analyzed for 4-hydroxy tamoxifen, estradiol, progesterone, FSH and LH.

Plasma concentrations of 4-hydroxy tamoxifen remained detectable 72 hours
after the last gel application. Therefore, to ensure that data points were obtained until 4-
hydroxy tamoxifen became undetectable in the blood, additional blood samples were

collected from some participants at intervals up to 92 days following the last application

of gel.

Table 6 displays the mean * standard deviation (SD) plasma concentrations of

4-hydroxy tamoxifen, with ranges in parentheses. A single 0.5 mg dose did not produce
detectable plasma concentrations of 4-hydroxy tamoxifen, but 6 of 12 patients had

detectable plasma concentrations (>5 pg/mL) after a single dose of 1 mg.
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Table 6: Mean = SD Plasma Concentrations of 4-hydroxy tamoxifen in
Healthy Women Following Daily Cutaneous Administration for Two
Menstrual Cycles

|— Cycle __]_)ay Time atter | Mean % SD-(ilange is indicated in pareﬁthesis) in pg/mL |
Application

0.5 mg/day 1 mg/day
(hl') _ 1 _ )
(n=12) (n=12)
I First | 1 | 0 [ 0-172) | (0-13.9) | (0-95) 0-0) |
|
l 7 | 24 . 6.4+5.6 152497 14.4 + 13.1 26.9 + 18.2
| | (<LOQ - (<LOQ - (<LOQ- | (8.9-71.3)
16.8) 26.8) 37.9) | |
; |
20 24 | 13.6+79 | 173+95 | 18.1+158 | 440+ 29:2“!
(<LOQ - | (<LOQ - (<LOQ - | (10.5-117.5)
25.9) 29.8) 44.5)
25 04 239+234 | 155+66 | 198+162 | 454+31.0
(KLOQ - | (6.4-25.0) | (62-57.0) | (17.9-120.1)
73.1) |
o L i
Second | 7 24 1252+16.1 | 1741112 | 222+164 | 422+248 |
| | (6.5-61.7) | (5.7-39.6) | (9.0-64.4) | (18.2-98.0)
3 — —— - —-———-————-——————r——- e i o re————
| 20 | 24 15.7+14.0 | 148+65 | 24.4+20.1 38.9 +27.1
| (<LOQ- | (5.4-24.8) (<LOQ - | (18.7-119.7)
| 523) | 654) | :
0° | 108+99 | 157+17.1 | 272+208 | 432+27.7
)5 (<LOQ - (<LOQ - (8.0-72.1) | (169-1203) |
J 36.4) | 56.4)
05 | 109+74 | 13.5+09.1 I 259+18.7 | 44.5+299
(<LOQ - (<LOQ - (8.7 - 69.2) | (13.6 - 124.5)
L 26.0) | 27.7) .
_ 1 B | I

' Gel concentration was 20 mg of 4-hydroxy tamoxifen per 100 g of gel.
2 Gel concentration was 57 mg of 4-hydroxy tamoxifen per 100 g of gel.
*Timepoint 0 is 24 hours after the application on Day 24 and prior to the final application on Day 25.
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Applicati
pREs 1 mg/day 1 mg/day 2 mg/day
h
(hr) (n=8)’ i (n=12)* (n=12)"
— 1 | 104+78 | 108+66 | 28.7+195 | 405+25.1
(<LOQ - (<LOQ - (8.8-69.2) | (14.2-106.7)
26.7) 23.8)
e _— N — o
| 1.5 00+82 | 11.8+8.0 25.6+17.8 36.8 +21.1
(<LOQ- | (KLOQ- | (7.5-67.0) | (15.9-90.0) |
25.1) 23.6)
} 2 11.8+95 | 107+69 | 251+180 | 368+21.6
(<LOQ - (<LOQ - (6.9-673) | (13.0-83.7)
26.9) 24.7)
3 | 100+79 | 114+79 | 248+205 | 36.1+20.6
(<LOQ - (<LOQ - (9.0-69.9) | (11.9 - 89.4)
23.1) 28.1)
4 92+83 | 112+73 | 268+233 | 3814212
(<LOQ - (<LOQ - (6.4-78.1) | (16.5-92.0)
| 25.3) 25.7)
I . I i
6 11485 | 107+64 | 250+182 | 41.0+29.1
(<KLOQ- | (<LOQ- | (9.0-653) | (14.0-123.8)
l
‘ 26.6 22.8) |
12 | 11.0+97 | 11.8+78 | 283+229 | 45.1+306
(<LOQ - (<LOQ - (6.4-74.6 | (18.7-126.8)
| 29.1) 28.1)
- - - | N
18 l 9.7 + 8.8 12.2 + I 23.4+17.4 39.8 +25.5
(<LOQ - | 8.3(<LOQ- | (8.1-57.9) | (16.0-107.3)
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I\_Ie;; + SD (Range is indicated in parenthesis) in pg/mL

Application
0.5 mg/day | 1 mg/day 2 mg/day
(hr) PR _onl _ 132
l (0=12) (n=8) (n=12)
26 | 24 | 124+94 | 18.6+142 | 260+19.6 | 44.0+33.0
(<LOQ - (<LOQ - (8.9-61.9) | (15.8-132.5)
| 34.4) 40.1)
*l 36 | 109+69 | 134+75 | 25.7+184 ,"42.1 +31.5
l (5.0-25.8) | (<LOQ - (8.8-61.3) | (15.1-129.3)
25.4) | |
27 48 121+65 | 125+60 | 220+160 | 381+
(4.8-26.6) | (<LOQ - (5.6 - 50.2) 25.3(17.5 -
| 19.6) 110.0)
28 | 72 9.9 +7.1 09+58 | 189+124 | 332+222
(<LOQ - (<LOQ - (5.6-37.8) | (17.7-98.0)
22.3) 19.6)
+ 5 days - - 58+5.2 11.4+82 20.4 +17.3
(<LOQ - (<LOQ - (9.1 - 71.6)
12.4) 25.8)
+ 8 days <LOQ | .(<LOQ- | (0-14.8) 10.8+13.4
17.4) (<LOQ -
52.0)
+12days | (maximum | (<LOQ- | (0-<LOQ) | (0-30.4)
9.09) 7.0)
i i
20days | O <LOQ (0-<LOQ) | (0-<LOQ) I

LOQ = limit of qu—éntiﬁcatiZ)_n (<5 pg/mL)

Figure 2 shows a plasma concentration-time curve, following the last

administration on day 25 of the second menstrual cycle. Table 7 shows mean

pharmacokinetic parameters that relate to the last administration, on day 25 of the

second menstrual cycle.
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Table 7: Mean Pharmacokinetic Parameters of 4-hydr0xy tamoxifen in
Healthy Women Following the Last Administration

Paramete-r Mean £ SD (Range is indicated in parenthesisj -
0.5 mg/day 1 mg/day (n=8)" 1 mg/day - 2 mg/day
(n=12)" (n=12)" (n=12)"

T S ——

 Com(pg/ml) | 170385 | 210 +140 | 351+224 51.6+31.7
(7.6 - 34.4) (<LOQ-40.1) | (9.9-78.1) | (22.1-132.5Y)
tom (1) | 40+81 | 24+18 | 12.8+149 | 11.8+123 |
i
(0.5 - 288) (0.5-48) | (1-36) - (0.5-36)
!
Tt | - B - ] (58-118) | (@49-101)
AUCoz¢ | 2563+2053 | 3009+1908 | 619+466 | 998+653
(pg-hr/mL) (24.6 -651.1) |  (0—693.6) (187 - 1522) (424 - 2778)
Ca=AUCo24/24 | 107+85 | 125+79 | 258+194 | 41.6+272
(pg/mL) 1.0-271) | (0-289) | (7.8-63.4) (17.7 - 115.8)
— - e - 1 - — sy - - -
T(1stC<LOQ) - 274 + 141 236 + 72 326 + 97
(hr) | (144-480) | (144 -384) (192 - 480)

3 Gel concentration was 20 Iﬁg of 4-hydroxy tamoxifen per 100 g of gé-i-.—
® Gel concentration was 57 mg of 4-hydroxy tamoxifen per 100 g of gel.
AUC.o4 = area under the concentration-time curve for 0 - 24 hours; C,, = Calculation
of area under the curve over 24 hours (AUCy.24) divided by 24 hours; Cpax = maximal
concentration in plasma; t,, = half-life; T(1stC<LOQ) = first timepoint at which the

plasma concentration was below the limit of quantification; tmax = time of maximal

concentration in plasma.

. The data are consistent with a dose response across the three doses tested (0.5,
1, and 2 mg). The more concentrated gel was better absorbed, by approximately

double, than the less concentrated gel, based on AUC and C,,.

Biological tolerance was excellent in all 36 patients. The treatment did not
affect FSH, LH, estradiol, or progesterone hormone levels during the menstrual cycles.
Moreover, echographic examination of the ovaries at the end of treatment was normal

in all patients, showing normal sized developing follicles. One patient developed an
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allergic reaction to the gel, and 10 reported facial acne (5 of which had a past history of

acne).

In summary, this study indicates that the exposure to 4-hydroxy tamoxifen after
topical application increases with dose, that plasma concentrations ot 4-hydroxy
tamoxifen are lower than typical estradiol concentrations (80 pg/mL), and that there is
no detectable laboratory or clinical evidence of systemic effects. Because of this, it is
anticipated that the percutaneous application of 4-hydroxy tamoxifen will be especially

useful in for the prevention and treatment of gynecomastia.
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CLAIMS

Use of 4-hydroxy tamoxifen for the preparation of a medicament for the
treatment of gynecomastia, wherein said medicament is in a form suitable for
percutaneous administration and wherein the 4-hydroxy tamoxifen is in a

vehicle containing a penetration enhancer.

A use according to claim 1, wherein said medicament contains an amount of
said 4-hydroxy tamoxifen such that about 0.25 to 2.0 mg/breast, preferably
about 0.5 to 1.0 mg/breast, of the 4-hydroxy tamoxifen can be administered to a

patient per day.

A use according to any one of claims 1 or 2, wherein said medicament contains
an amount of 4-hydroxy tamoxifen such that about 0.25 mg/breast, preferably
about 0.5 mg/breast, more preferably about 0.75 mg/breast, even more

preferably about 1.0 mg/breast of the 4-hydroxy tamoxifen can be administered
per day.

A use according to any one of claims 1 to 3, wherein said 4-hydroxy tamoxifen

is formulated in an alcoholic solution.

A use according to any one of claims 1 to 4, wherein said 4-hydroxy tamoxifen

is formulated in a hydroalcoholic gel.

A use according to claim 5, wherein said hydroalcoholic gel comprises a
penetration enhancer, and/or an aqueous vehicle, and/or an alcoholic vehicle

and/or a gelling agent.

A use according to claim 6, wherein said penetration enhancer comprises at least

one fatty acid ester, preferably isopropyl myristate.

A use according to any one of claims 5 to 7, wherein said hydroalcoholic gel

comprises:

a) about 0.01 % to 1 %, preferably about 0.01 % to 0.1 % by weight of 4-

hydroxy tamoxifen,

b) about 0.5 % to 2 % by weight of 1sopropyl myristate,
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c) about 65% to 75% by weight of absolute alcohol,
d) about 25% to 35% by weight of aqueous vehicle,
e) about 0.5% to 5% by weight of gelling agent,

wherein the percentage of components are weight to weight of the composition.

A use according to claim 8, wherein said 4-hydroxy tamoxifen constitutes about
0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09% or 0.10%

by weight of the composition.

A use according to any one of claims 8 and 9, wherein said isopropyl myristate

constitutes about 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1.0%, 1.1%, 1.2%, 1.3%,
1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9% or 2.0% by weight of the composition.

A use according to any one of claims 8 to 10, wherein said alcohol is ethanol
and/or 1sopropanol, and constitutes about 65% to 75% by weight of the
composition said percentage being determined in reference to absolute ethanol

and/or absolute isopropanol.

A use according to any one of claims 8 to 11, wherein said aqueous vehicle is a
phosphate buffered solution, and constitutes about 25% to 35% by weight of the

composition.

A use according to any one of claims 8 to 12, wherein said gelling agent is a
polyacrylic acid, and/or hydroxypropylcellulose or other cellulose derivative,

and constitutes about 0.1% to 5% by weight of the composition.

A use according to any one of claims 8 to 13, wherein said hydroalcoholic gel
further comprises a neutralizing agent selected from the group consisting of
sodium hydroxide, ammonium hydroxide, potassium hydroxide, arginine,
aminomethylpropanol, trolamine and tromethamine, said neutralizing agent
being 1n a ratio with respect to the gelling agent of between 10:1 and 0.1:1,

preferably between 7:1 and 0.5:1, even more preferably between 4:1 and 1:1.

A use according to any one of claims 6 to 14, wherein said hydroalcoholic gel is

packaged in a unit dose packet or in a multiple dose container with a metered
pump.
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Figure 1: Representation of Tamoxifen Metabolism
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Figure 2: Mean * SD Plasma Concentration of 4-hydroxy tamoxifen in Healthy
Women Following Last Cutaneous Administration (Day 235 of the Second Cycle)
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