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hypogonadism (6 — 7%) in men with Celiac disease [9,10].
Finally, hypogonadism may be the source of low bone density
in some men with Crohn’s disease [11].

Genetic diseases that impact the production of sex-related
hormones, including Klinefelter’s syndrome, Kallman’s
syndrome, and mutations that impact the production or
function of gonadotropin releasing hormone (GnRH),
luteinizing hormone (LH), follicle stimulating hormone
(ESH) or the receptors for these hormones, also may result
in hypogonadism [12,13].

In addition to physiologic or genetic causes, hypogonadism
also may result from therapy used to treat other comorbid
conditions, such as chronic steroid use, androgen deprivation
therapy for the treatment of prostate cancer, and chemother-
apy and radiation used in the management of a variety of
malignancies [14,15].

Idiopathic hypogonadism has also been reported, and
although its true prevalence is not known, it is probably
underappreciated. Based on data from the Massachusetts
Male Aging Study, the crude incidence is 12.3/1000 person
years leading to prevalence of 481,000 new cases per year in
American men 40 — 69 years old [16].

1.2 Pathogenesis of hypogonadism

The endocrine and reproductive function of the gonads is
regulated through interactions among the hypothalamus,
pituitary gland and the gonads (commonly known as the
hypothalamic-pituitary-gonadal (HPG) axis) [17]. Release of
GnRH from the hypothalamus in turn regulates secretion of
gonadotropins from the pituitary. LH and FSH produced in
the anterior pituitary then stimulate secretion of androgens
and production of germ cells in the testes [18].

Primary hypogonadism is a hypergonadotropic condition
that occurs when the testes fail to produce sufficient levels of
testosterone to suppress production of LH and FSH. Conse-
quently, LH and FSH levels are elevated in men with primary
hypogonadism, while testosterone levels are decreased [18]. In
contrast, secondary hypogonadism results from hypothalamic
or pituitary dysfunction and is characterized by disruption of
central components of the HPG axis, resulting in decreased
levels of GnRH, LH or FSH.

Mixed hypogonadism results from a combination of pri-
mary and secondary causes. Late-onset hypogonadism, which
occurs with aging, is the most common cause of mixed
hypogonadism, and is associated with osteoporosis, decreased
lean body mass, reduced cognition, fatigue and impairment of
libido and erectile function [19]. Other causes of mixed
hypogonadism include alcoholism, systemic diseases such as
uremia, liver failure, AIDS and sickle cell disease, and drugs,
including ethanol and corticosteroids [20]. It should be noted
that hypercortisolism resulting from either exogenous or
endogenous causes can lead to hypogonadism [19].

In healthy young men, testosterone levels range from 300 to
1000 ng/dl and a diagnosis of hypogonadism typically requires
a testosterone level < 200 — 300 ng/dl [519.21). Inital

testosterone measurements are taken in the morning, as levels
vary throughout the day and typically peak at this time [19].
While total testosterone levels may be informative, assessing
the levels of free testosterone, the bioavailable form of testos-
terone, sex hormone binding globulin (SHBG) and albumin
can provide greater insight into a patient’s gonadal status. This
is because 98% of serum testosterone is bound to SHBG or
albumin (40 and 60%, respectively) and only 2% is free.
While the free and albumin-bound forms of testosterone are
considered bioavailable, the SHBG-bound form is not [19].

Assessing other components of the HPG access also may
provide insight into the cause of a patient’s hypogonadism. In
primary hypogonadism, FSH and LH values are elevated,
while FSH, LH or GnRH levels are decreased in secondary
hypogonadism.

1.3 Clinical consequences of hypogonadism

There are three main physiologic consequences of hypogo-
nadism. First, hypogonadism causes a decline in serum andro-
gens. Second, because androgens (testosterone and
androstenedione) are converted to estradiol by the aromatase
enzyme, serum estrogen levels also are decreased in men with
hypogonadism [22,23]. Third, alterations in the production of
androgens and estrogen result in an imbalance of the normal
relationship between these two classes of sex hormones,
resulting in an unbalanced testosterone to estrogen (T:E) ratio.

Androgens affect diverse tissues throughout the body, and
decreased androgen levels can adversely impact genitalia,
spermatogenesis, skeletal muscle and bone marrow. In men
with hypogonadism, androgen deficiency can lead to abnor-
mally small or soft testes, anemia, fatigue and decreased
spermatogenesis (oligospermia) that may result in infertil-
ity [24-26]. Hypogonadal men have been found to have a
significantly higher percentage of body fat compared with
normal men (26.4 + 1.1 versus 19.2 + 0.8%, p < 0.01).
However, testosterone levels did not correlate with body fat
percentage in hypogonadal men [27]. Similarly, spinal bone
density was significantly lower in hypogonadal men compared
with normal men (1.006 £ 0.024 versus 1.109 + 0.028 g/cmz,
p = 0.02) 271

A study evaluating the impact of testosterone levels on
mood in 856 men aged 50 — 89 found that levels of
testosterone, bioavailable testosterone and dihydrotestosterone
(DHT) negatively correlated with scores on the Beck Depres-
sion Inventory (BDI) (p = 0.04, 0.005 and 0.02, respec-
tively) [28]. Regression analysis found a significant inverse
association of BDI scores with bioavailable testosterone and
DHT (p < 0.007 and 0.048, respectively).

Additionally, while two previous studies found a low
incidence of decreased testosterone or hypogonadism in
men with erectile dysfunction, more recent reports suggest
that there is in fact a correlation between testosterone levels
and erectile dysfunction [29-32].

Estrogens also affect the function of a variety of tissues,
including the neurovascular system, adipose tissue and
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bone [3334]. Consequently, estrogen deficiency can lead to
bone loss (osteoporosis), increased accumulation of adipose
tissue, insulin resistance, hyperlipidemia, hot flashes and
cognitive changes [33-38]. Moreover, the alterations in the T:
E ratio that occur in male hypogonadism may be one cause of
gynecomastia [23,38].

1.4 Rationale for therapy

As described above, androgen deficiency can negatively impact
male physiology, fertility and psychology. Inferdlity is a
common driver for seeking treatment for hypogonadism.
Approximately 15% of couples trying to become pregnant
are unable to conceive within 1 year, and the prevalence of
male infertility in all infertile couples is 50 — 60%. While
infertility results from both male and female factors in
30 — 40% of infertile couples, the male factor accounts for
20% of all infertility cases [39].

Erectile dysfunction and mood disorders also may drive
men with hypogonadism to seek treatment in the near term.
However, given the negative affects of androgen deficiency on
bone and muscle mass, body fat percentage, hyperlipidemia
and insulin resistance, there may be compelling longer-term
reasons for treating hypogonadism. One study identified an
increase in the standard mortality ratio (SMR) for patients
with untreated gonadotropin deficiency compared with
patients with a treated deficiency (SMR = 2.85 (99% CI
1.92 — 4.24) versus 1.23 (0.76 — 2.00), p = 0.0008) in a
univariate analysis [40]. In this same study, a multivariate
analysis found that the hazard ratio was increased for patients
with untreated gonadotropin deficiency compared with indi-
viduals without a deficiency (1.68 (1.15 — 2.45)). Thus, even
men who are not troubled by current symptoms may derive
long-term benefit from treatment of hypogonadism.

2. Overview of the therapeutic market

Male hypogonadism occurs in an estimated 4 — 5 million men
in the US alone and is the most commonly under-diagnosed
endocrine disorder [19].

Testosterone production normally decreases as men age,
sometimes leading to testosterone deficiency. According to the
Urology Channel, recent estimates show that ~ 13 million
men in the US experience testosterone deficiency as opposed
to frank hypogonadism. The leading therapy is AndroGel®, a
commercially available testosterone replacement cream mar-
keted by Solvay Pharmaceuticals (Marietta, GA, USA) for the
treatment of low testosterone, which had reported sales of
~ $282 million in 2005 in North America.

As previously described, there are a variety of testosterone
formulations that have been developed in order to improve the
bioavailability and pharmacokinetic profile of native testos-
terone [19]. At present, there are four classes of approved
testosterone replacement therapies. Testosterone undecanoate
(TU) is a semi-synthetic, fatty acid androgen containing
an 11-carbon hydrophobic side chain that results in a long
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half-life compared with other testosterone formulations. TU is
formulated for oral administration (dosed thrice daily) or
intramuscular administration (dosed every 3 months) [19].

A transbuccal formulation of testosterone uses a bioadhesive
hydration technology that allows for gradual release of tes-
tosterone into the systemic circulation following absorption
across the buccal mucosa. This formulation is dosed twice
daily 1.

Testosterone patches and testosterone gels allow for trans-
dermal delivery of testosterone and are formulated in com-
bination with permeation enhancers that enable more effective
testosterone delivery [19].

The current therapies can provide clinical benefit with
respect to some symptoms of hypogonadism. A meta-analysis
of the impact of testosterone supplementation in men with
erectile dysfunction found a 57% overall response rate [41).
This analysis also found that the response rate to transdermal
therapy was significantly higher than intramuscular or oral
therapy (80.9 versus 51.3 and 53.2%, respectively
(p < 0.001)), while response rates between intramuscular
and oral therapy were equivalent (51.3 versus 53.2%, respec-
tively). This analysis also found that response rates were higher
in men with primary hypogonadism compared with secondary
hypogonadism (64 versus 44%, p < 0.001).

Androgen replacement also appears to positively impact
mood parameters of hypogonadal men. In a study of 58
hypogonadal men undergoing testosterone replacement ther-
apy, significant correlations were found between a variety of
positive and negative mood parameters and levels of serum
testosterone and DHT (42].

With respect to longer-term aspects of androgen deficiency,
testosterone was shown to increase bone density and lean body
mass in 29 hypogonadal men aged 22 — 68 treated with
testosterone enanthate [27]. In this study, testosterone treat-
ment resulted in a significant decrease in percent body fat
(14 £ 4%, p < 0.001) and subcutaneous fat (13 + 4%,
p < 0.01) and an increase in lean muscle mass (7 = 2%,
p = 0.01). Spinal and trabecular bone mineral density also
increased during testosterone therapy (5 + 1%, p < 0.001 and
14 + 3%, p < 0.001, respectively). Consistent with these
improvements in bone mineral density, markers of bone
formation and resorption also decreased significantly.

Despite these benefits, testosterone replacement therapy
remains a sub-optimal approach to treating hypogonadism
for several reasons. When administered exogenously, andro-
gens can inhibit release of endogenous testosterone through
negative feedback inhibition on LH levels. This feedback
inhibition also results in suppression of FSH levels, leading
to suppression of spermatogenesis. Thus, rather than restoring
normal function of the HPG axis, testosterone replacement
therapy may lead to further HPG dysfunction 43).

Additionally, despite its widespread use, the link between
testosterone replacement therapy and development of prostate
cancer remains unclear. Several studies have shown an
association between testosterone levels and prostate cancer,
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while others suggest that testosterone replacement therapy
may increase the expression of prostate specific antigen.
Although a number of reports suggest a causal link between
initiation of testosterone replacement therapy and develop-
ment of prostate cancer, other reports do not support these
findings. There is also a paucity of data on the safety of
testosterone replacement therapy in men with a history of
prostate cancer [44].

Other reported risks associated with androgen replacement
therapy include polycythemia, liver toxicity, gynecomastia,
azoospermia, negative effects on lipid profiles and exacerba-
tion of sleep apnea and benign prostatic hyperplasia [45].
However, severe reactions such as hepatotoxicity are rarely
seen with appropriate monitoring during therapy. In addition,
based on Repros Therapeutics clinical trial screening data,
70% of men who have low testosterone actually suffer from
secondary hypogonadism, caused by failure of the pituitary to
provide appropriate hormone signaling to the testes, which
causes testosterone levels to drop to the point where pituitary
secretions fall under the influence of estrogen. In this state,
estrogen further suppresses the testicular stimulation from the
pituitary. These men are readily distinguished from those that
have primary testicular failure via assessment of the levels of
secretions of pituitary hormones (i.e., men with primary
testicular failure experience elevated secretions of pituitary
hormones). Secondary hypogonadism is not relegated only to
older men although the condition becomes more prevalent as
men age.

Due to these limitations and concerns, and the recognition
that a significant percentage of hypogonadal men actually
suffer from pituitary dysfunction, a number of alternative
approaches to treating male hypogonadism are under eval-
uation [19]. These include several selective androgen-receptor
modulators (SARMs), such as analogues of cyclic hydantoin,
aryl propionamide, quinoline and tetrahydroquinoline.
These targeted agents have the potential to positively impact
multiple aspects of hypogonadism while protecting the
prostate. Another compound that appears to be prostate
sparing while positively impacting other androgen-depen-
dent tissues is 70i-methyl-19-nortestosterone (MENT). Aro-
matase inhibitors also are under evaluation due to their
ability to alter estradiol feedback along the HPG axis,
resulting in secretion of LH from the pituitary. Human
chorionic gonadotropin (hCG) may stimulate testosterone
production through binding to LH receptors on Leydig cells
in the testes [19].

Clomiphene citrate, which has been used for the treatment
of female infertility for > 4 decades, is also under evaluation
as therapy for hypogonadism based on its ability to block the
feedback effects of estradiol on the HPG axis. This results in
secretion of GnRH, which in turn stimulates testosterone
production and spermatogenesis. Enclomiphene, an isomer
of clomiphene that acts as an estrogen receptor (ER)
antagonist, is also in development for the treatment
of hypogonadism.

3. Introduction to the compound

Clomiphene citrate is a selective ER modulator approved in
1967 for the treatment of female infertility. A brief overview of
the compound, its pharmacology and metabolism are pro-
vided here. It should be noted that most of the pharmacology
and safety data for clomiphene were obtained through studies
conducted in women and vigorous analysis of these parameters
have yet to be conducted in men.

Clomiphene citrate exerts its antiestrogenic effects by acting
as a competitive antagonist of 17f3-estradiol. In the hypothal-
amus, this activity enhances release of GnRH, which impacts
the HPG axis by stimulating release of FSH and LH from the
pituitary [46,47). Due to this mechanism of action, clomiphene
citrate may provide an approach to hormone replacement that
is more similar to the normal physiology of the HPG-axis
compared with testosterone replacement therapy. Through its
effects on the HPG-axis, clomiphene citrate has been shown to
result in pulsatile secretion of testosterone that more faithfully
recapitulates normal testosterone cycling (43). Clomiphene
citrate has been shown to increase FSH and testosterone levels
and improve the T:E ratio and sexual function in men with
hypogonadism [31,43]. Several studies evaluating clomiphene
citrate in the treatment of male infertility have reported mixed
results, and further study will be needed to clarify the
compound’s potential utility in this indication [39,48].

4. Chemistry

Clomiphene citrate is a triphenylethylene that is structurally
related to tamoxifen and toremifene [47]. These compounds
have planar structures and are typically comprised of cis- and
trans- isomers. Clomiphene is composed of enclomiphene (trans-
isomer) and zuclomiphene (cis-isomer). The compound has a
molecular formula of CycH,3C1NO o CsHgO- and is designated
chemically as 2-[p-(2-chloro-1,2-diphenylvinyl) phenoxy] triethy-
lamine citrate (1:1), with a molecular mass of 598.09. The
clomiphene citrate marketed in the US and Canada is a racemic
mixture comprising ~ 38% zuclomiphene and 62% enclomi-
phene. Zuclomiphene has both estrogenic and anti-estrogenic
effects, while enclomiphene is exclusively anti-estrogenic.

5. Pharmacodynamics

Clomiphene citrate binds to nuclear ER for prolonged periods
of time and leads to a reduction in ER concentration by
inhibiting normal ER replacement. The reduction in ER
abrogates the normal estrogen-driven negative feedback mech-
anism, stimulating GnRH release from the pituitary. This in
turn leads to increases in FSH and LH.

6. Pharmacokinetics and metabolism

Clomiphene citrate is orally available and is excreted primarily
through the intestines and feces. Five days after a single oral
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