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METHODS OF TESTOSTERONE THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Patent
Application No. 62/625,653, filed on February 2, 2018; and U.S. Provisional Patent
Application No. 62/756,976, filed November 7, 2018. The entireties of both of the above-
referenced provisional applications are incorporated herein by reference.

FIELD OF THE INVENTION

The present disclosure is generally directed to testosterone replacement therapy
(TRT), and particularly to methods and systems for preventing or reducing side effects of
TRT by administering a testosterone formulation multiple times per day.

BACKGROUND OF THE INVENTION

Testosterone is an anabolic steroid and the primary male sex hormone, promoting
development of male reproductive tissues such as the prostate and testes. It can activate
androgen receptors in its unchanged form, or it can be converted to Sa-dihydrotestosterone
(DHT) by the enzyme Sa-reductase before binding to the androgen receptor. Once bound,
the receptor-hormone complex moves into the cell nucleus, altering specific gene sequences
on the cellular DNA and modifying its transcription to promote the synthesis of proteins
that form testosterone-sensitive tissues.

One of the several male reproductive processes that rely on testosterone is
spermatogenesis, in which primitive germ cells known as spermatogonia divide to produce
spermatocytes, which form young sperm cells known as spermatids, which mature into fully
grown sperm cells known as spermatozoa. Adequate testosterone levels are especially
crucial in the final spermatid maturation step and to ensure normal semen quality (i.e. a
sperm count of at least 20 million spermatozoa per milliliter semen).

Low testosterone, also known as low T or hypogonadism, is a condition in which
the testes produce insufficient testosterone and is defined as a serum total testosterone level
of less than 300 nanograms per deciliter (ng/dL). Low testosterone affects more than 10%
of men worldwide, with higher incidence in the elderly, the chronically ill, and those with
various other modifiable risk factors, such as obesity and diabetes. Testosterone deficiencies
are associated with a wide range of other negative health outcomes in men, including lower
muscle mass, bone mineral density, and hematocrit and hemoglobin concentrations; smaller

prostate glands; and diminished energy and sexual function relative to men with normal
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testosterone levels. Particularly, low testosterone levels can result in oligozoospermia (lower
than normal sperm count in semen) or even azoospermia (no sperm in semen).

In recent years, testosterone replacement therapy (TRT), in which a pharmaceutical
composition containing testosterone, or a salt, ester, or prodrug thereof, is administered by
any of several known means, has become a standard treatment for low testosterone. Current
delivery systems for TRT include transdermal gels and patches, injectable compositions,
and long-acting subcutaneous pellets.

While TRT has been shown to increase serum testosterone levels to normal ranges
and improve patients’ bone mineral density, prostate volume, energy, and sexual function,
the therapy can suppress pituitary gonadotropins, especially follicle-stimulating hormone
(FSH) and luteinizing hormone (LH), which can result in lower testicular volume and a
corresponding impairment of spermatogenesis, semen quality (i.e. oligozoospermia or
azoospermia), and therefore fertility. Various drugs, including clomiphene citrate,
anastrozole, and human chorionic gonadotropin (HCG), have sometimes been administered
to counteract these effects, but these drugs also have various undesirable side effects,
including decreased libido and gynecomastia.

Moreover, the safety of TRT remains a primary concern. Most TRT delivery modes,
especially injection of testosterone esters, can increase patients’ hemoglobin and hematocrit
concentrations, which can result in a condition known as secondary polycythemia.
Unmanaged, polycythemia can lead to such complications as jaundice, pruritus,
cerebrovascular accident, thrombosis, and bleeding. Additionally, elevated hematocrit
levels are associated with an increased risk of death from cardiovascular disease.

Due to these and other drawbacks, treatment options for men suffering from low
testosterone that are both safe and effective remain limited, especially for men already at
risk for one or more of the negative side effects of TRT. There is thus a significant and long-
felt need in the art for methods of treating low testosterone that increase serum testosterone
levels and patients’ sperm counts to normal levels, while mitigating or eliminating the
unsafe and/or undesirable effects resulting from FSH and LH suppression and elevated
hemoglobin and hematocrit levels.

SUMMARY OF THE INVENTION

It is one aspect of the present invention to provide a method for administering
testosterone to a patient at risk of, or in need of avoiding, at least one side effect associated
with testosterone replacement therapy (TRT) or a pituitary gonadotropin deficiency, the
method comprising pulsatile administration of testosterone to the patient, wherein the side
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effect is selected from the group consisting of azoospermia, oligozoospermia, decreased
libido, gynecomastia, cardiovascular disease, and cardiovascular accident.

In embodiments, each dose may be administered no less than three hours and no
more than 24 hours after an immediately preceding dose.

In embodiments, a mode of administration may be selected from the group
consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection. The mode of administration
may, but need not, be transmucosal pulsatile administration. The testosterone may, but need
not, be administered to the nasal mucosae of the patient in the form of a testosterone gel.

In embodiments, the testosterone may be administered to the patient in at least two
doses per day. The testosterone may, but need not, be administered to the patient in at least
three doses per day. The testosterone may, but need not, be administered to the patient in at
least four doses per day

In embodiments, pulsatile administration may comprise administering multiple
doses and each dose comprises between about 5 mg and about 15 mg testosterone. Each
dose may, but need not, comprise about 11 mg testosterone.

In embodiments, a total amount of testosterone administered to the patient per day
may be between about 10 mg and about 120 mg. The total amount of testosterone
administered to the patient per day may, but need not, be between about 20 mg and about
40 mg.

In embodiments, the method may not comprise administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

It is another aspect of the present invention to provide a method for treating a sexual
disorder in a male human, the method comprising pulsatile administration of testosterone to
the male human, wherein the sexual disorder is selected from the group consisting of
azoospermia, oligozoospermia, decreased libido, and gynecomastia.

In embodiments, pulsatile administration may comprise administering multiple
doses and each dose is administered no less than three hours and no more than 24 hours after
an immediately preceding dose.

In embodiments, a mode of administration may be selected from the group
consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection. The mode of administration

may, but need not, be transmucosal pulsatile administration. The testosterone may, but need
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not, be administered to the nasal mucosae of the patient in the form of a testosterone gel.
The testosterone gel may, but need not, be administered to the patient in at least two doses
per day. The testosterone gel may, but need not, be administered to the patient in at least
three doses per day. The testosterone gel may, but need not, be administered to the patient
in at least four doses per day.

In embodiments, pulsatile administration may comprise administering multiple
doses and each dose comprises between about 5 mg and about 15 mg testosterone. Each
dose may, but need not, comprise about 11 mg testosterone.

In embodiments, a total amount of testosterone administered to the patient per day
may be between about 10 mg and about 120 mg. The total amount of testosterone
administered to the patient per day may be between about 20 mg and about 40 mg.

In embodiments, the method may not comprise administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

It is another aspect of the present invention to provide a method for preventing or
mitigating a side effect associated with testosterone replacement therapy (TRT) or a
pituitary gonadotropin deficiency in a patient, the method comprising pulsatile
administration of testosterone to the patient, wherein the side effect is selected from the
group consisting of azoospermia, oligozoospermia, decreased libido, gynecomastia,
cardiovascular disease, and cardiovascular accident.

In embodiments, pulsatile administration may comprise administering multiple
doses and each dose is administered no less than three hours and no more than 24 hours after
an immediately preceding dose.

In embodiments, a mode of administration may be selected from the group
consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection. The mode of administration
may, but need not, be transmucosal pulsatile administration. The testosterone may, but need
not, be administered to the nasal mucosae of the patient in the form of a testosterone gel.
The testosterone gel may, but need not, be administered to the patient in at least two doses
per day. The testosterone gel may, but need not, be administered to the patient in at least
three doses per day. The testosterone gel may, but need not, be administered to the patient

in at least four doses per day.
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In embodiments, pulsatile administration may comprise administering multiple
doses and each dose comprises between about 5 mg and about 15 mg testosterone. Each
dose may, but need not, comprise about 11 mg testosterone.

In embodiments, a total amount of testosterone administered to the patient per day
may be between about 10 mg and about 120 mg. The total amount of testosterone
administered to the patient per day may, but need not, be between about 20 mg and about
40 mg.

In embodiments, the method may further comprise, before the administering step,
ceasing a TRT regimen.

In embodiments, the method may not comprise administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

It is another aspect of the present invention to provide a method for increasing at
least one of a level of follicle stimulating hormone (FSH), a level of luteinizing hormone
(LH), and a total motile sperm count (TMSC) in a patient, comprising pulsatile
administration of testosterone to the patient.

In embodiments, pulsatile administration may comprise administering multiple
doses and each dose is administered no less than three hours and no more than 24 hours after
an immediately preceding dose.

In embodiments, a mode of administration may be selected from the group
consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection. The mode of administration
may, but need not, be transmucosal pulsatile administration. The testosterone may, but need
not, be administered to the nasal mucosae of the patient in the form of a testosterone gel.
The testosterone gel may, but need not, be administered to the patient in at least two doses
per day. The testosterone gel may, but need not, be administered to the patient in at least
three doses per day. The testosterone gel may, but need not, be administered to the patient
in at least four doses per day.

In embodiments, pulsatile administration may comprise administering multiple
doses and each dose comprises between about 5 mg and about 15 mg testosterone. Each
dose may, but need not, comprise about 11 mg testosterone.

In embodiments, a total amount of testosterone administered to the patient per day

may be between about 10 mg and about 120 mg. The total amount of testosterone
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administered to the patient per day may, but need not, be between about 20 mg and about
40 mg.

In embodiments, the method may not comprise administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

It is another aspect of the present invention to provide a method for treating a patient
in need of testosterone replacement therapy (TRT), comprising pulsatile administration of
testosterone to the patient in at least N doses per day, wherein N is an integer equal to or
greater than four.

In embodiments, N may be an integer equal to or greater than five. N may, but need
not, be an integer equal to or greater than six. N may, but need not, be an integer equal to or
greater than seven. N may, but need not, be an integer equal to or greater than eight.

In embodiments, each dose may comprise between about 5 mg and about 15 mg
testosterone. Each dose may, but need not, comprise about 11 mg testosterone.

In embodiments, a total amount of testosterone administered to the patient per day
may be between about 10 mg and about 120 mg. The total amount of testosterone
administered to the patient per day may, but need not, be between about 20 mg and about
40 mg.

In embodiments, a mode of administration may be transmucosal pulsatile
administration. The testosterone may, but need not, be administered to the nasal mucosae.
At least one dose may, but need not, comprise at least two sub-doses, wherein at least one
sub-dose is administered in each of two nostrils of a patient. Each sub-dose may, but need
not, comprise an approximately equal quantity of testosterone. At least one sub-dose may,
but need not, comprise a quantity of testosterone different from a quantity of testosterone in
a different sub-dose.

In embodiments of any of the above methods, after at least about two weeks of
treatment, at least one of the following may be true: (i) a level of follicle-stimulating
hormone (FSH) in the patient is between about 1.5 IU/L and about 12.4 IU/L; (ii) a level of
luteinizing hormone (LH) in the patient is at least about 1.80 IU/L; (iii) a hematocrit of the
patient is less than about 60%; and (iv) a level of hemoglobin in the patient is less than about
20.0 g/dL.
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The advantages of the present invention will be apparent from the disclosure
contained herein. The embodiments and configurations described herein are neither
complete nor exhaustive. As will be appreciated, other embodiments of the invention are
possible utilizing, alone or in combination, one or more of the features set forth above or
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a study design used to obtain the experimental results
of Example 1.

Figure 2 is a graph of the mean follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) concentrations of the subjects of the study of Example 1 who received an
intranasal testosterone formulation twice daily (BID), at the start of the study and at 90 days.

Figure 3 is a graph of the mean serum testosterone levels of the subjects of the study
of Example 1 who received an intranasal testosterone formulation BID on day 90.

Figure 4 is a graph of the mean follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) concentrations of the subjects of the study of Example 1 who received an
intranasal testosterone formulation three times daily (TID), at the start of the study and at
90 days.

Figure 5 is a graph of the mean serum testosterone levels of the subjects of the study
of Example 1 who received an intranasal testosterone formulation TID on day 90.

Figures 6A, 6B, and 6C are graphs of the mean serum testosterone levels of the
subjects of the study of Example 1, relative to a pre-study baseline, at 90, 180, and 360 days,
respectively.

Figures 7A, 7B, and 7C are graphs of the mean serum testosterone levels, FSH and
LH concentrations, and semen parameters, respectively, of the subjects of the study of
Example 2.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the phrases “at least one,” “one or more,” “or,” and “and/or” are
open-ended expressions that are both conjunctive and disjunctive in operation. For example,
each of the expressions “at least one of A, B and C,” “at least one of A, B, or C,” “one or
more of A, B, and C,” “one or more of A, B, or C,” “A, B, and/or C,” and “A, B, or C”
means A alone, B alone, C alone, A and B together, A and C together, B and C together, or
A, B, and C together.

As used herein, the term “pulsatile administration” and related terms refer to

methods of administration of a drug to a patient that result in a pulsatile dosing profile.
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As used herein, the term “pulsatile dosing profile” and related terms refer to dosing
profiles characterized by alternating periods of relatively low drug concentrations in the
patient and relatively high drug concentrations in the patient.

Embodiments of the present invention relate to methods of administering
testosterone replacement therapy (TRT) to patients in need thereof, and particularly to
patients in need of avoiding azoospermia, oligozoospermia, decreased libido, gynecomastia,
or other side effects associated with conventional TRT methods, the methods comprising
pulsatile administration of testosterone formulations. Embodiments of the present invention
also relate to methods for maintaining testicular function, semen quality, and/or fertility in
a male patient suffering from low testosterone, the methods comprising pulsatile
administration of testosterone formulations. Embodiments of the present invention further
relate to methods of administering TRT to patients having elevated cardiovascular risk
factors, the methods comprising pulsatile administration of testosterone formulations. The
methods of the present invention reduce known or suspected risks associated with TRT, and
as a result, men who may be at risk, or wish to mitigate the risk, of azoospermia,
oligozoospermia, decreased libido, gynecomastia, cardiovascular disease, or other side
effects associated with conventional TRT methods can receive the benefits of TRT. By way
of non-limiting example, men who wish to mitigate the risk of azoospermia,
oligozoospermia, and/or decreased libido may include men who wish to attempt to conceive,
and who therefore require normal semen quality and, thus, fertility.

Pulsatile dosing regimens according to embodiments of the present invention may
result in periods during which a serum testosterone level of a patient is less than about 600
ng/dL, less than about 550 ng/dL, less than about 500 ng/dL, less than about 450 ng/dL, less
than about 400 ng/dL, less than about 350 ng/dL, less than about 300 ng/dL, less than about
250 ng/dL, less than about 200 ng/dL, less than about 150 ng/dL, less than about 100 ng/dL,
or less than about 50 ng/dL, or alternatively any whole number value less than about 600
ng/dL. Pulsatile dosing regimens according to embodiments of the present invention may
also result in periods during which a serum testosterone level of a patient is in a normal
range, e.g. more than about 300 ng/dL, more than about 350 ng/dL, more than about 400
ng/dL, more than about 450 ng/dL, more than about 500 ng/dL, more than about 550 ng/dL,
more than about 600 ng/dL, more than about 650 ng/dL, more than about 700 ng/dL, more
than about 750 ng/dL, or more than about 800 ng/dL, or alternatively any whole number
value more than about 300 ng/dL.
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Pulsatile dosing regimens according to embodiments of the present invention may
result in a cycle between a low serum testosterone level in a patient and a high testosterone
level in the patient; by way of non-limiting example, this cycle may recur once per day,
twice per day, three times per day, four times per day, five times per day, six times per day,
seven times per day, eight times per day, or more than eight times per day, i.e. the patient
may exhibit a high and/or low serum testosterone level once, twice, three times, four times,
five times, six times, seven times, eight times, or more than eight times per day. Stated
another way, the cycle between a low serum testosterone level in the patient and a high
serum testosterone level in the patient may have a period of less than about 24 hours, less
than about twelve hours, less than about eight hours, less than about six hours, less than
about 4.8 hours, less than about four hours, less than about 3.4 hours, or less than about
three hours.

Pulsatile dosing regimens according to embodiments of the present invention may
be administered by any suitable route of administration, including but not limited to oral
administration, transdermal administration, transmucosal administration, and injection. In a
preferred embodiment, testosterone is administered to the patient by pulsatile transmucosal
administration, and especially by intranasal pulsatile administration, i.e. pulsatile
administration to the nasal mucosae. A preferred formulation for delivery of testosterone in
this embodiment is NATESTO®, a form of TRT that is delivered intranasally to men
suffering from low testosterone and that avoids the side effects common to other TRT
delivery methods. In addition to the mitigation or elimination of adverse side effects,
advantages of the use of NATESTO® in conjunction with the methods of the present
invention include ease of delivery; lack of needles, and especially decreased risk of
accidental dosing of persons other than the patient, i.e. women or children, to which
transdermal systems are particularly susceptible.

In embodiments of the present invention, a testosterone formulation in the form of a
gel may be administered to a patient in need thereof by pulsatile administration to the nasal
mucosae of the patient. The gel may be administered solely to the nasal mucosae within a
left nostril of the patient, solely to the nasal mucosae within a right nostril of the patient, or
to the nasal mucosae within both left and right nostrils of the patient.

In embodiments of the present invention, a testosterone formulation in the form of a
gel may be administered to a patient in need thereof by pulsatile administration to a part of

the patient’s body other than the nasal mucosae. By way of non-limiting example, the gel
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may be administered orally, transdermally, by injection, or by application to mucosae of the
patient other than the nasal mucosae.

In embodiments of the present invention, a testosterone formulation in a form other
than a gel may be administered to a patient in need thereof by pulsatile administration to the
nasal mucosae of the patient. By way of non-limiting example, testosterone formulations in
these embodiments may take the form of a solution, a suspension, a cream, an ointment, a
paste, and/or a powder.

In embodiments of the present invention, a testosterone formulation in a form other
than a gel may be administered to a patient in need thereof by pulsatile administration to a
part of the patient’s body other than the nasal mucosae. By way of non-limiting example,
testosterone formulations in these embodiments may take the form of a tablet, a capsule, a
sustained release formulation, a solution, a suspension, a cream, an ointment, a paste, and/or
a powder. By way of non-limiting example, the non-gel testosterone formulation may be
administered orally, transdermally, by injection, or by application to mucosae of the patient
other than the nasal mucosae.

In embodiments of the present invention, a testosterone formulation may be
administered to a patient in need thereof once per day, twice per day, three times per day,
four times per day, five times per day, six times per day, seven times per day, eight times
per day, or more than eight times per day. In preferred embodiments, the testosterone
formulation is administered to the patient twice per day or three times per day.

In embodiments of the present invention, a patient in need of TRT may receive
between about 1 mg and about 31 mg of testosterone per dose, more preferably between
about 2 mg and about 29 mg of testosterone per dose, more preferably between about 3 mg
and about 27 mg of testosterone per dose, more preferably between about 4 mg and about
25 mg of testosterone per dose, more preferably between about 5 mg and about 23 mg of
testosterone per dose, more preferably between about 6 mg and about 21 mg of testosterone
per dose, more preferably between about 7 mg and about 19 mg of testosterone per dose,
more preferably between about 8 mg and about 17 mg of testosterone per dose, more
preferably between about 9 mg and about 15 mg of testosterone per dose, more preferably
between about 10 mg and about 13 mg of testosterone per dose, and most preferably about
11 mg of testosterone per dose. In additional embodiments of the present invention, a patient
in need of TRT may receive a total daily dose of testosterone between about 2 mg and about
53 mg, more preferably between about 7 mg and about 48 mg, more preferably between

about 12 mg and about 43 mg, more preferably between about 17 mg and about 38 mg, and
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most preferably between about 22 mg and about 33 mg. In pulsatile dosing regimens
according to the present invention, a total daily dose can be distributed, equally or unequally,
between two or more individual pulsatile doses per day; likewise, an individual dose can be
administered in a single step or can be split, equally or unequally, into two or more sub-
doses, such as, by way of non-limiting example, into two equal sub-doses for administration
to each of a left nostril and a right nostril of a patient.

In embodiments of the present invention, a patient suffering from low testosterone
receives TRT but does not receive any drug commonly used to ameliorate the side effects
of TRT, such as clomiphene citrate, anastrozole, or human chorionic gonadotropin (HCG),
while nonetheless benefiting from a reduction or elimination of certain TRT side effects.
This benefit is possible due to the effect of dosing regimens of the present invention on
pituitary gonadotropins, especially follicle-stimulating hormone (FSH) and luteinizing
hormone (LH).

The present inventors have surprisingly and unexpectedly found that embodiments
of the present invention, in which a patient receives pulsatile administration of testosterone
at least twice per day, maintain normal or near-normal levels of FSH and LH in the patient.
Without intending to be bound by any particular theory, it is believed that embodiments of
the present invention achieve this benefit by causing pulsatile release of gonadotropin-
releasing hormone (GnRH), which prevents any sustained decrease in FSH and/or LH, due
to the short half-life of the testosterone in the body. This benefit stands in contrast to
conventional TRT methods, including and especially topical and transdermal delivery
methods, which are known to suppress pituitary gonadotropins, including FSH and LH.
Maintenance of normal or near-normal levels of FSH and LH in the patient represents a
crucial advantage of the present invention relative to conventional TRT options at least
because normal levels of FSH and LH allow a patient to avoid azoospermia and/or
oligozoospermia during TRT, thus preserving normal sperm count, semen quality, and
fertility, as may be desired, by way of non-limiting example, by men who wish to attempt
to conceive during TRT.

In embodiments of the invention, a level of LH of a patient receiving testosterone by
pulsatile administration is maintained at about 1.80 IU/L or more for at least about two
weeks, at least about one month, at least about two months, at least about three months, at
least about four months, at least about five months, at least about six months, at least about
seven months, at least about eight months, at least about nine months, at least about ten

months, at least about eleven months, and/or at least about one year. Moreover, in
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embodiments of the invention, a level of FSH of a patient receiving testosterone by pulsatile
administration is maintained at between about 1.5 and about 12.4 TU/L for at least about two
weeks, at least about one month, at least about two months, at least about three months, at
least about four months, at least about five months, at least about six months, at least about
seven months, at least about eight months, at least about nine months, at least about ten
months, at least about eleven months, and/or at least about one year.

In embodiments of the present invention, a sperm count of a patient receiving
testosterone by pulsatile administration is at least about 5 million spermatozoa per mL
semen, at least about 10 million spermatozoa per mL semen, at least about 15 million
spermatozoa per mL semen, at least about 20 million spermatozoa per mL semen, at least
about 25 million spermatozoa per mL semen, at least about 30 million spermatozoa per mL
semen, at least about 35 million spermatozoa per mL semen, at least about 40 million
spermatozoa per mL semen, at least about 45 million spermatozoa per mL semen, or at least
about 50 million spermatozoa per mL semen. In further embodiments, these sperm counts
are maintained for at least about two weeks, at least about one month, at least about two
months, at least about three months (or about 90 days), at least about four months, at least
about five months, at least about six months (or about 180 days), at least about seven months,
at least about eight months, at least about nine months (or about 270 days), at least about
ten months, at least about eleven months, or at least about twelve months (or about 360
days).

The present inventors have surprisingly and unexpectedly found that embodiments
of the present invention maintain a patient’s hematocrit and hemoglobin levels within
normal and/or acceptable ranges. Thus, another advantage of the present invention is in its
suitability for use in patients having one or more cardiovascular risk factors, including but
not limited to low physical activity level, tobacco use, poor diet, high blood lipid content,
hypertension, obesity, family history, diabetes, age, ethnicity, and socioeconomic status.
This benefit stands in contrast to conventional TRT methods, which are known to have an
erythropoietic stimulating effect that can cause polycythemia, which may manifest as an
increase in any one or more of hemoglobin, hematocrit, and red blood cell count. In
embodiments, the hematocrit of a patient receiving TRT according to the present invention
may be less than about 60%, less than about 55%, less than about 50%, less than about 45%,
or less than about 40%, or alternatively any whole number percentage less than about 60%.
Additionally or alternatively, a hemoglobin concentration in a patient receiving TRT

according to the present invention may be less than about 20.0 g/dL, less than about 19.0
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g/dL, less than about 18.0 g/dL, less than about 17.0 g/dL, less than about 16.0 g/dL, less
than about 15.0 g/dL, less than about 14.0 g/dL, less than about 13.0 g/dL, or less than about
12.0 g/dL, or alternatively any tenth of a whole number value less than 20.0 g/dL. Such
hematocrit and/or hemoglobin levels may be maintained for, by way of non-limiting
example, at least about two weeks, at least about one month, at least about two months, at
least about three months, at least about four months, at least about five months, at least about
six months, at least about seven months, at least about eight months, at least about nine
months, at least about ten months, at least about eleven months, or at least about one year.

The following experimental Examples serve to provide additional disclosure and
illustration of the invention disclosed herein, without limiting the scope of the invention.

Example 1

This Example illustrates that pulsatile administration of testosterone via a nasal
testosterone gel (NTG), according to embodiments of the present invention, provides
benefits related to pituitary gonadotropin levels not achievable with other exogenous
testosterone preparations.

Men suffering from low testosterone were randomized into a 90-day open-label
dose-ranging study. Each study subject self-administered a 4.5% NTG sold under the trade
name NATESTO® using a multiple-dose dispenser, either twice daily (“BID,” n=122) or
three times daily (“TID,” n=151). Each dose comprised 11 mg testosterone, i.e. each subject
received either 22 mg or 33 mg testosterone per day. Titration was performed based on
blood levels to achieve a normal, or eugonadal, range of testosterone (300 to 1,050 ng/dL).
Serum samples were obtained pre-study and after 90 days of treatment to determine relevant
hormone levels, as shown in Figure 1. The mean subject characteristics of the study sample

are characterized in Table 1 below.
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Table 1: Mean characteristics of subjects of Example 1

Characteristios (Mean) BID/TID | Total
Age {yrs) 54.4 54.4
Race {%) Caucasian 38.2 89.7
Weight {ke} a3.3 93.7
8M fkafm’y 29.6 29.9
Hypcggngadigm eﬁioiﬁgy* 10.7 137 118
Primary {%])
Hypogonadism e»ti}oi@gw 877 84.3 863
Secondary {%)
Duration of hypogonadism {yrs} 4.5 5.0 4.6
Treatment Naive {%) 43 41 42.5
Fasting Serum Total 157.6 2343 2008
Testosterone {5D) ngfdl
DHT ngfdl 188 205 182
Estradiod p§/mt 17.8 18.6 18.2

More detailed results are presented graphically in Figures 2 through 5. As shown in
Table 1 and Figures 1 through 5, treatment with a 4.5% NTG generally restored serum total
testosterone to eugonadal levels, and levels of pituitary gonadotropins were somewhat
reduced but remained within standard and/or normal ranges for adult men. The data relating
particularly to pituitary gonadotropins indicate that pulsatile administration of testosterone
via an NTG, according to embodiments of the present invention, provides benefits not
achievable with other exogenous testosterone preparations. Particularly, other exogenous
testosterone preparations, especially those adapted for administration by injection, result in
much greater suppression of pituitary gonadotropins. The present invention, by contrast,
provides for a smaller decrease in FSH and LH levels in patients, and therefore may be
suitable for patients who need or desire this benefit, e.g. men with naturally low FSH/LH
levels or men who wish to attempt to conceive during TRT. The data further suggest that
pulsatile administration of testosterone, at least twice per day, may have significant
advantageous physiological effects relative to TRT regiments of the prior art, with the
potential for positive physiological impact in testosterone-deficient patients. Novel
treatment options, including but not limited to pulsatile administration of NATESTO®, may

have unique benefits in this regard.
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In addition, hematocrit and hemoglobin values did not exceed the upper bound of
the normal range in most patients tested in Example 1. After baseline screening, three
subjects in the BID group (2.1%) and five subjects in the TID group (3.0%) had hematocrit
and/or hemoglobin values above the upper bound of the normal range. No subject had a
clinically significantly high hemoglobin or hematocrit value, and no subject had a post-
treatment hematocrit value above 58%. Mean subject characteristics of the study sample are

characterized in Table 2 below.

Table 2: Mean hematocrit characteristics of subjects of Example 1

Hematocrit {Mean (8D} %}

208 (35)] 147 (3.5] 44.

These data demonstrate that pulsatile administration, twice or more per day, of
NTGs, including but not limited to NATESTO®, allows men suffering from low
testosterone to achieve normal serum total testosterone levels, while not increasing
hematologic values to clinically significant values, and preferably not above normal values.
The data thus allow the inference that pulsatile administration, twice or more per day, of
NTGs, including but not limited to NATESTO®, has a unique combination of safety and
efficacy superior to that of conventional TRT regimens.

Example 2

This Example illustrates that pulsatile administration of testosterone via a nasal
testosterone gel (NTG), according to embodiments of the present invention, provides
benefits related to sperm count not achievable with other exogenous testosterone
preparations.

Baseline testosterone, FSH, LH, semen, IIEF-Q15, and SF-36 scores were obtained
from six men aged 18-55, all of whom had serum total testosterone levels of less than 350
ng/dL. and were naive to TRT prior to study. Each of the six men self-administered

NATESTO® (4.5% NTQG) intranasally TID at 11 mg per dose (i.e. 33 mg per day). As
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shown in Figure 7A, after one month of therapy all six men had serum total testosterone
levels of at least 379 ng/dL, with a median of 446.8 ng/dL, and after three months of therapy
four of the six men had serum total testosterone levels of at least 300 ng/dL, with a median
of 334.5 ng/dL. As shown in Figure 7B, after three months of the therapy, the six men also
had a median LH level of 1.6 IU/L, and a median FSH level of 1.5 TU/L. Additionally, as
shown in Figure 7C, the median total motile sperm count (TMSC) increased from 39.5
million at baseline to 52.0 million after three months of therapy.

Many variations and modifications of the disclosed embodiments may be employed,
and it is possible to provide some features of embodiments described herein without
providing others. Such variations, modifications, and omissions are within the scope of the
present disclosure even if not explicitly stated herein.

The present disclosure, in various embodiments, configurations, and aspects,
includes components, methods, processes, systems and/or apparatus substantially as
depicted and described herein, including various embodiments, sub-combinations, and
subsets thereof. Those of skill in the art will understand how to make and use the systems
and methods disclosed herein after understanding the present disclosure. The present
disclosure, in various embodiments, configurations, and aspects, includes providing devices
and processes in the absence of items not depicted and/or described herein or in various
embodiments, configurations, or aspects hereof, including in the absence of such items as
may have been used in previous devices or processes, e.g., for improving performance,
achieving ease, and/or reducing cost of implementation.

The foregoing discussion of the disclosure has been presented for purposes of
illustration and description. The foregoing is not intended to limit the disclosure to the form
or forms disclosed herein. In the foregoing Detailed Description, for example, various
features of the disclosure are grouped together in one or more embodiments, configurations,
or aspects to streamline the disclosure. The features of the embodiments, configurations, or
aspects of the disclosure may be combined in alternate embodiments, configurations, or
aspects other than those discussed above. This method of disclosure is not to be interpreted
as reflecting an intention that the claimed disclosure requires more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive aspects lie
in less than all features of a single foregoing disclosed embodiment, configuration, or aspect.
Thus, the following claims are hereby incorporated into this Detailed Description, with each

claim standing on its own as a separate preferred embodiment of the disclosure.
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Moreover, though the description of the disclosure has included description of one
or more embodiments, configurations, or aspects and certain variations and modifications,
other variations, combinations, and modifications are within the scope of the disclosure,
e.g., as may be within the skill and knowledge of those in the art, after understanding the
present disclosure. It is intended to obtain rights, which include alternative embodiments,
configurations, or aspects to the extent permitted, including alternate, interchangeable
and/or equivalent structures, functions, ranges, or steps to those claimed, regardless of
whether such alternate, interchangeable and/or equivalent structures, functions, ranges, or
steps are disclosed herein, and without intending to publicly dedicate any patentable subject

matter.
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CLAIMS

1. A method for administering testosterone to a patient at risk of, or in need of
avoiding, at least one side effect associated with testosterone replacement therapy (TRT) or
a pituitary gonadotropin deficiency, the method comprising pulsatile administration of
testosterone to the patient, wherein the side effect is selected from the group consisting of
azoospermia, oligozoospermia, decreased libido, gynecomastia, cardiovascular disease, and
cardiovascular accident.

2. The method of claim 1, wherein each dose is administered no less than three
hours and no more than 24 hours after an immediately preceding dose.

3. The method of claim 1, wherein a mode of administration is selected from
the group consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection.

4, The method of claim 3, wherein the mode of administration is transmucosal
pulsatile administration.

5. The method of claim 4, wherein the testosterone is administered to the nasal
mucosae of the patient in the form of a testosterone gel.

6. The method of claim 1, wherein the testosterone is administered to the patient
in at least two doses per day.

7. The method of claim 6, wherein the testosterone is administered to the patient
in at least three doses per day.

8. The method of claim 7, wherein the testosterone is administered to the patient
in at least four doses per day

9. The method of claim 1, wherein pulsatile administration comprises
administering multiple doses and each dose comprises between about 5 mg and about 15

mg testosterone.

10.  The method of claim 9, wherein each dose comprises about 11 mg
testosterone.
11. The method of claim 1, wherein a total amount of testosterone administered

to the patient per day is between about 10 mg and about 120 mg,.
12. The method of claim 11, wherein the total amount of testosterone

administered to the patient per day is between about 20 mg and about 40 mg.
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13. The method of claim 1, not comprising administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

14. A method for treating a sexual disorder in a male human, the method
comprising pulsatile administration of testosterone to the male human, wherein the sexual
disorder is selected from the group consisting of azoospermia, oligozoospermia, decreased
libido, and gynecomastia.

15. The method of claim 14, wherein pulsatile administration comprises
administering multiple doses and each dose is administered no less than three hours and no
more than 24 hours after an immediately preceding dose.

16. The method of claim 14, wherein a mode of administration is selected from
the group consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection.

17. The method of claim 16, wherein the mode of administration is transmucosal
pulsatile administration.

18. The method of claim 17, wherein the testosterone is administered to the nasal
mucosae of the patient in the form of a testosterone gel.

19.  The method of claim 18, wherein the testosterone gel is administered to the
patient in at least two doses per day.

20.  The method of claim 19, wherein the testosterone gel is administered to the
patient in at least three doses per day.

21. The method of claim 20, wherein the testosterone gel is administered to the
patient in at least four doses per day.

22, The method of claim 14, wherein pulsatile administration comprises
administering multiple doses and each dose comprises between about 5 mg and about 15

mg testosterone.

23.  The method of claim 22, wherein each dose comprises about 11 mg
testosterone.
24, The method of claim 14, wherein a total amount of testosterone administered

to the patient per day is between about 10 mg and about 120 mg.
25. The method of claim 24, wherein the total amount of testosterone

administered to the patient per day is between about 20 mg and about 40 mg.
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26. The method of claim 14, not comprising administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

27. A method for preventing or mitigating a side effect associated with
testosterone replacement therapy (TRT) or a pituitary gonadotropin deficiency in a patient,
the method comprising pulsatile administration of testosterone to the patient, wherein the
side effect is selected from the group consisting of azoospermia, oligozoospermia, decreased
libido, gynecomastia, cardiovascular disease, and cardiovascular accident.

28. The method of claim 27, wherein pulsatile administration comprises
administering multiple doses and each dose is administered no less than three hours and no
more than 24 hours after an immediately preceding dose.

29. The method of claim 27, wherein a mode of administration is selected from
the group consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection.

30. The method of claim 29, wherein the mode of administration is transmucosal
pulsatile administration.

31. The method of claim 30, wherein the testosterone is administered to the nasal
mucosae of the patient in the form of a testosterone gel.

32. The method of claim 31, wherein the testosterone gel is administered to the
patient in at least two doses per day.

33.  The method of claim 32, wherein the testosterone gel is administered to the
patient in at least three doses per day.

34,  The method of claim 33, wherein the testosterone gel is administered to the
patient in at least four doses per day.

35. The method of claim 27, wherein pulsatile administration comprises
administering multiple doses and each dose comprises between about 5 mg and about 15
mg testosterone.

36.  The method of claim 35, wherein each dose comprises about 11 mg
testosterone.

37. The method of claim 27, wherein a total amount of testosterone administered
to the patient per day is between about 10 mg and about 120 mg,.

38. The method of claim 37, wherein the total amount of testosterone

administered to the patient per day is between about 20 mg and about 40 mg.
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39. The method of claim 27, further comprising, before the administering step,
ceasing a TRT regimen.

40. The method of claim 27, not comprising administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

41. A method for increasing at least one of a level of follicle stimulating hormone
(FSH), a level of luteinizing hormone (LH), and a total motile sperm count (TMSC) in a
patient, comprising pulsatile administration of testosterone to the patient.

42. The method of claim 41, wherein pulsatile administration comprises
administering multiple doses and each dose is administered no less than three hours and no
more than 24 hours after an immediately preceding dose.

43. The method of claim 41, wherein a mode of administration is selected from
the group consisting of oral pulsatile administration, transdermal pulsatile administration,
transmucosal pulsatile administration, and pulsatile injection.

44, The method of claim 43, wherein the mode of administration is transmucosal
pulsatile administration.

45. The method of claim 44, wherein the testosterone is administered to the nasal
mucosae of the patient in the form of a testosterone gel.

46. The method of claim 45, wherein the testosterone gel is administered to the
patient in at least two doses per day.

47.  The method of claim 46, wherein the testosterone gel is administered to the
patient in at least three doses per day.

48.  The method of claim 47, wherein the testosterone gel is administered to the
patient in at least four doses per day

49. The method of claim 41, wherein pulsatile administration comprises
administering multiple doses and each dose comprises between about 5 mg and about 15

mg testosterone.

50.  The method of claim 49, wherein each dose comprises about 11 mg
testosterone.
51. The method of claim 41, wherein a total amount of testosterone administered

to the patient per day is between about 10 mg and about 120 mg,.
52. The method of claim 51, wherein the total amount of testosterone

administered to the patient per day is between about 20 mg and about 40 mg.
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53. The method of claim 41, not comprising administration of any drug selected
from the group consisting of clomiphene citrate, anastrozole, and human chorionic
gonadotropin (HCG).

54. A method for treating a patient in need of testosterone replacement therapy
(TRT), comprising pulsatile administration of testosterone to the patient in at least N doses
per day, wherein N is an integer equal to or greater than four.

55.  The method of claim 54, wherein N is an integer equal to or greater than five.

56. The method of claim 55, wherein N is an integer equal to or greater than six.

57. The method of claim 56, wherein N is an integer equal to or greater than
seven.

58. The method of claim 57, wherein N is an integer equal to or greater than
eight.

59.  The method of claim 54, wherein each dose comprises between about 5 mg

and about 15 mg testosterone.

60.  The method of claim 59, wherein each dose comprises about 11 mg
testosterone.
61. The method of claim 54, wherein a total amount of testosterone administered

to the patient per day is between about 10 mg and about 120 mg,.

62. The method of claim 61, wherein the total amount of testosterone
administered to the patient per day is between about 20 mg and about 40 mg.

63. The method of claim 54, wherein a mode of administration is transmucosal

pulsatile administration.

64. The method of claim 63, wherein the testosterone is administered to the nasal
mucosae.
65. The method of claim 64, wherein at least one dose comprises at least two

sub-doses, wherein at least one sub-dose is administered in each of two nostrils of a patient.

60. The method of claim 65, wherein each sub-dose comprises an approximately
equal quantity of testosterone.

67.  The method of claim 65, wherein at least one sub-dose comprises a quantity
of testosterone different from a quantity of testosterone in a different sub-dose.

68. The method of any one of claims 1, 14, 27, 41, and 54, wherein, after at least
about two weeks of treatment, at least one of the following is true:

(1) a level of follicle-stimulating hormone (FSH) in the patient is between

about 1.5 IU/L and about 12.4 TU/L; and
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(i1) a level of luteinizing hormone (LH) in the patient is at least about 1.80
IU/L.
69. The method of any one of claims 1, 14, 27, 41, and 54, wherein, after at least
about two weeks of treatment, at least one of the following is true:
(1) a hematocrit of the patient is less than about 60%; and

(ii) a level of hemoglobin in the patient is less than about 20.0 g/dL.
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