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ABSTRACT

Introduction: Testosterone deficiency (TD) is defined as low serum testosterone associated with
symptoms and signs. There has been an increasing prevalence of TD in recent decades, especially in
males aged 15-39. Many of these men will require long-term testosterone therapy (TT). Although the
end-goals for all treatments are essentially the same, strategies for increasing serum testosterone
should be decided individually.

Areas covered: This review focuses on the pharmacological management of TD in adults which
includes TT with different routes of administration, such as transdermal, buccal, intramuscular and
subcutaneous injections, pellets, nasal gel, and oral (pills). The authors review the options for TT
available in the USA with emphasis on newer therapies. Furthermore, they examine the efficacy of
these therapies with comparison between potential advantages or disadvantages related to dosing,
administration method, and adverse events.

Expert opinion: Treating TD can be difficult due to the wide range of available medications, diverse
side effects related to testosterone replacement and route-of-administration, and necessity for long-
term therapy. The combination of pharmacological and non-pharmacological therapies can improve
symptoms of TD and patient satisfaction. Each patient should be managed individually, and clinicians
should consider available treatment regimens based on the route-of-administration, efficacy, safety, and
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cost based on a shared decision-making approach.

1. Introduction

Testosterone is the primary male sex hormone which plays
an integral role in many facets of physiology including
embryologic development, spermatogenesis, and develop-
ment and maintenance of secondary sexual characteristics
throughout puberty and adulthood. Testosterone deficiency
(TD) is defined as insufficient production of testosterone
combined with symptoms of low serum total testosterone
such as decreased muscle mass, osteoporosis, poor erythro-
poiesis, diminished energy, low libido, and erectile function
[1-6]. Etiologically, TD can be separated into primary and
secondary TD. Primary TD occurs when there are problems
with testosterone production at the level of the testes,
whereas secondary TD involves defects in the production
of gonadotropin hormones from the hypothalamus or pitui-
tary [7]. Although this review focuses mainly on the treat-
ment of TD from a primary etiology, the principles and
medications can be used with any patient that presents
with TD. Diagnosing TD can be challenging because of the
heterogeneity of symptoms experienced by different indivi-
duals but the current definition relies on two criteria: having
a low serum testosterone defined by two separate early
morning testosterone levels <300 ng/dL as well as manifes-
tations of the aforementioned symptoms.

TD is incredibly common among the general population.
A recent study estimated the prevalence of TD in the elderly
population to be as high as 2.1% [8]. Another study examining
testosterone levels from 2000 to 2016 also demonstrated an
increasing prevalence of decreasing serum levels in adoles-
cents and young males over time [9]. This can possibly be due
to the increasing prevalence of obesity and elevated BMI
which are associated with low testosterone levels [8]. As
such, physicians are now frequently seeing patients with this
pathology. TD is treated with various forms of testosterone
therapy (TT) with the goals of improving symptoms and
increasing serum testosterone to physiologic levels in the
range of 450-600 ng/dL [10]. Many options for TT have been
approved by the FDA with each formulation having unique
advantages and disadvantages. Available routes of administra-
tion include transdermal, buccal, nasal, IM injections, implants
and, most recently, oral pills. This article will review treatment
options available in the USA for TT in adult men with an
emphasis on novel, more recently developed medications.

2. Non-exogenous TT options

While the majority of TT options involve direct exogenous
testosterone replacement, other medications aimed at increas-
ing serum testosterone include selective estrogen receptor
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Article highlights

o Testosterone deficiency is a common diagnosis among males with an
increasing number of patients seeking treatment.

o There are many options for testosterone therapy with various routes
of administration including transdermal, buccal, nasal, IM and sub-
cutaneous injections, subcutaneous implants, and oral formulations.

e For those seeking fertility preservation, forms of TT other than
exogenous testosterone replacement are available.

o Different formulations will allow patients to reach normal testoster-
one levels, but each has unique advantages and disadvantages.

e Each patient should be treated individually, and clinicians should
discuss the route of administration, side effects, benefits, safety,
dosing, and costs prior to making a decision on the appropriate
medication.

This box summarizes key points contained in the article.

modulators (SERMs), human chorionic gonadotropin (hCG),
and aromatase inhibitors (Als). SERMs such as clomiphene
citrate function by decreasing the negative feedback of estro-
gen on the hypothalamic-pituitary-gonadal axis (HPG) axis. In
turn, this results in an increase in gonadotropin-releasing
hormone (GnRH) from the hypothalamus which stimulates
release of luteinizing hormone (LH) and follicle-stimulating
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hormone (FSH) from the pituitary gland. LH subsequently
acts on Leydig cells in the testicle to accelerate native produc-
tion of testosterone while FSH acts on Sertoli cells to promote
spermatogenesis. While primarily given for male factor inferti-
lity, SERMs have the ability to raise testosterone levels.
A retrospective review of 69 men with testosterone levels
below 300 ng/dL who received 25 mg of clomiphene citrate
every other day showed an average testosterone level of 389
ng/dL after treatment [11]. hCG also has the ability to increase
serum testosterone levels. This medication shares a very simi-
lar chemical structure with LH allowing it to act directly on
Leydig cells and stimulate testosterone production. In addition
to treating male infertility, hCG has been useful in men who
experience symptoms of TD [12]. A retrospective analysis of 20
men showed that treatment with hCG raised average testos-
terone levels from 362 ng/dL to 519.8 ng/dL. Perhaps more
importantly, 50% of the patients reported symptomatic
improvement including increased libido, erectile function,
and energy. Als are another method of increasing testosterone
levels that act by blocking aromatase, an enzyme that con-
verts testosterone to estrodiol. By increasing testosterone
levels through this mechanism, Als have been shown to
improve semen parameters in subfertile men. In an analysis
of 86 sub-fertile men with low testosterone:estradiol ratios
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Figure 1. A schematic representation of serum testosterone levels over time for various of routes of administration of exogenous testosterone therapy based on
reported peak concentrations and half-life. (A) Testosterone gels [serum testosterone vs. time (hours)]. (B) IM testosterone cypionate [serum testosterone vs. time
(days)]. (C) IM testosterone undecanoate [serum testosterone vs. time (days)]. (D) Subdermal testosterone pellets [serum testosterone vs. time (days)]. (E) Nasal
testosterone gel [serum T vs. time (hours)]. (F) Oral testosterone undecanoate [serum T vs. time (hours)] [21,40,49,55,59,73].
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treated with anastrazole, average serum testosterone
increased from a baseline of 2584 ng/dL to 449.9 ng/dL
after 4 months [13]. These non-exogenous forms of TT rely
on adequate testicular function to produce natural testoster-
one. Through this mechanism, however, they have the added
benefit of physiologic intratesticular testosterone concentra-
tions capable of maintaining or triggering spermatogenesis.
This effect can be measured using the serum 17-
Hydroxyprogesterone as an indicator for intratesticular testos-
terone concentrations [14-16]. Unlike exogenous forms of TT,
this allows for preservation and/or treatment of male inferti-
lity. While these medications all have the ability to treat TD,
most TT in patients not focused on fertility will act through
exogenous testosterone replacement which we discuss
throughout this review.

3. Transdermal

Transdermal formulations depend on testosterone reaching
systemic circulation directly through the skin, bypassing
potentially detrimental first-pass metabolism in the liver. All
transdermal delivery methods of testosterone rely on hydro-
alcoholic vehicles that quickly dry after application, creating
a reservoir of testosterone on the skin. Some formulations are
combined with penetration enhancers which disrupt the stra-
tum corneum layer of the skin to increase delivery into circula-
tion [17]. Transdermal formulations of testosterone come in
varying mediums and concentrations ranging from gels and
patches to liquid sprays.

In general, the advantages of transdermal systems are their
lack of invasive application, ease of use, and ability to sustain
testosterone levels without significant fluctuations [18].
Disadvantages include potential skin irritation (especially in
the case of patches) and the potential for transference (unique
to gels and solutions). Due to the risk of transference, espe-
cially with children, testosterone gels carry an FDA boxed
warning. For this reason, patients on gels are recommended
to wash their hands after each application and apply the
medication on areas that are usually covered with clothing.

3.1. Androderm®

The first transdermal systems were developed in the form of
adhesive patches. Currently, one of the only patches approved
in the United States is Androderm (AbbVie, North Chicago, IL,
USA) [19]. The patch consists of a microporous membrane
with a peripheral mucoadhesive layer and a central reservoir
with the entire system contained by an impermeable backing
film. The contents of the reservoir include testosterone, the
only active ingredient dissolved in hydroalcoholic gel. Patches
are available in dosages of 2, 2.5, 4, and 5 mg of testosterone.
The recommended starting dose is one 4 mg patch per day,
one 5 mg patch per day, or two 2.5 mg patches per day,
applied centrally to the back, abdomen, arms, or thighs.
Maximum testosterone levels are reached at 8 hours after
application. Testosterone levels should be checked 2 weeks
after starting treatment to allow for proper titration.

The pharmacokinetics, efficacy, and safety of Androderm have
been studied in a comparison to IM testosterone enanthate [20].

Androderm was initiated at a starting dose of 5 mg in 33 patients
and titrated up or down based on adverse events or testosterone
levels. The average testosterone levels of the Androderm group
were 5171176 ng/dL by the end of the study, with maximum
levels of 765 + 277 ng/dL reached at around 8 hours after
application. Testosterone was absorbed continuously through-
out the 24-hour period and decreased after removal of the patch
with a half-life of about 70 minutes. Sixty percent of patients
experienced transient skin irritation in the study, however, only
three patients discontinued treatment for this reason.

3.2. Androgel®

More recently, transdermal testosterones were developed in
gel form with the introduction of Androgel 1% (AbbVie, North
Chicago, IL, USA). The hydroalcoholic gel consists of the only
active ingredient, testosterone [21]. Androgel can be applied
using two mechanisms: non-aerosol, metered-dose pumps or
unit-dose aluminum foil packets. The pump system delivers
12.5 mg of testosterone dissolved in 1.25 g of gel per pump
actuation, while the packets contain 25 or 50 mg of testoster-
one dissolved in 2.5 g and 5 g of gel, respectively. The dosing
starts at 50 mg of testosterone applied bilaterally on the upper
arms/shoulders or abdomen applied once every 24 hours.
Titrations can be made to increase up to 75 mg or 100 mg
or decrease to 25 mg depending on testosterone concentra-
tions after initial treatment. After application, Androgel dries
and the skin serves as a reservoir for testosterone delivery.
Only 10% of the testosterone dose applied enters systemic
circulation. Concentrations reach the normal range within
4 hours after application, and testosterone continues to be
absorbed over the 24-hour period [22]. Once Androgel is
discontinued after reaching steady state, testosterone levels
remain stable for 1-2 days and stay within the normal range
until the fifth day after the last application [21].

A 180-day clinical trial was conducted in which patients
were randomized to Androgel 1% (50 mg or 100 mg) and an
alternative 5 mg non-scrotal transdermal system [23]. In the
Androgel group, men were titrated up to 75 mg based on
testosterone concentration at day 60. As long as Androgel
continued to be properly applied, testosterone concentra-
tions were maintained. Across all three Androgel groups,
average testosterone concentrations were 555 + 225 ng/dL,
601 + 309 ng/dL, and 713 + 209 ng/dL for 50 mg, 75 mg, and
100 mg, respectively. Of the patients who had been titrated
to 75 mg on day 60, 87% of them reached testosterone
concentration within the normal range by the 180th day. In
contrast, steady-state levels of testosterone concentration
well into the normal range were never reached for the non-
scrotal transdermal system. Furthermore, dropout rates were
also higher for the alternative transdermal system compared
to Androgel.

Androgel is also offered in a 1.62% gel. Although it has
a list of identical ingredients to that of the 1% formulation, it
has a unique set of dosing recommendations and is more
specific with its application site [24]. Similar to the 1% gel,
Androgel 1.62% comes in the form of a metered-dose pump
with 1 pump actuation releasing 20.25 mg and aluminum foil
packets with 40.5 mg and 20.25 mg packets available. The



recommended starting dose is 40.5 mg of gel (2 pump actua-
tions or one 40.5 mg packet). Serum testosterone concentra-
tions should be assessed at 14 and 28 days after the start of
treatment. The dosages can be adjusted to a minimum of
20.25 mg (1 pump actuation or one 20.25 packet) if testoster-
one levels exceed 750 ng/dL and a maximum of 81 mg (4
pump actuations or two 40.5 mg packets) if levels fall short of
350 ng/dL. In terms of application, Androgel 1.62% is only
recommended to be applied on the shoulders in contrast to
1% which can also be applied to the abdomen. Maximum
testosterone concentrations are reached within 2-4 hours in
a 24-hour period and on discontinuation, serum testosterone
decreases to baseline within 48-72 hours after the last dose.

3.3. Testim®

Testim 1% (Endo pharmaceuticals, Malvern, PA, USA) was
the second commercially available testosterone gel to be
produced after Androgel. The ingredient list differs from
Androgel, most notably by the presence of a penetration
enhancer called pentadecalactone that is widely used as
a controlled-release drug carrier [25]. Testim 1% is available
in unit-dose tubes each containing 5 g of gel with 50 mg of
testosterone. The starting dose is 50 mg of testosterone (one
tube) daily with peak testosterone levels reached at 4 hours
after application. Testim can be titrated up to 100 mg (two
tubes) daily based on testosterone concentrations following
treatment. Concentrations should be checked at 14 days after
administration to ensure proper titration. Testim 1% should be
administered to the shoulders and/or upper arms [26].

A 406-patient clinical trial was used to evaluate Testim 1%
over the course of 90 days [27]. Patients were given either
Testim 1% 50 mg, Testim 1% 100 mg, placebo, or non-scrotal
transdermal system (testosterone patch). At day 60, patients
were titrated up or down based on their 24-hour average
testosterone concentrations of testosterone. By the 90th day,
74% of the patients titrated appropriately had average serum
testosterone levels within the normal range. All treatments,
including the patch, showed significant elevations compared
to the placebo treated group. By the end of the study, only
those treated with 100 mg showed significant elevation of
average testosterone concentrations compared to all other
groups. Although the 50-mg group did not show significant
changes in average testosterone concentrations, the minimum
testosterone concentration of 50 mg was significantly elevated
from the minimum testosterone concentration of the patch.

3.4. Fortesta®

Fortesta is an another testosterone gel with a 2% concentra-
tion (Endo Pharmaceuticals, Malvern, PA, USA). Similar to
Testim 1%, it contains a penetration enhancer in the form of
oleic acid [28]. Fortesta comes as a metered dose pump with
each pump actuation delivering 10 mg of testosterone. The
starting dose is four pump actuations (40 mg of testosterone)
daily which can be titrated to a minimum of 10 mg or
a maximum of 70 mg. Peak levels are reached at about
2 hours after application. Levels should be checked 2 hours,
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14 days, and ~35 days after applications to ensure proper
titration. Fortesta is relatively unique because of its high
testosterone concentration. This allows for more precise dos-
ing as small amounts of gel can be used to titrate into the
optimal range. Specifically, starting from 40 mg, dosages can
be decreased by 20 mg or 10 mg if serum testosterone is
higher than 2500 ng/dL or between 1250 and 2500 ng/dL,
respectively. If serum testosterone is less than 500 ng/dL,
10 mg of Fortesta can be added until the optimal level is
reached. Fortesta is applied exclusively to the front and
inner thighs, in contrast to other gels which focus more on
the upper body.

A non-comparative trial evaluated 149 men using Fortesta
over 90 days to determine the percentage of patients with
average testosterone concentrations within the normal range
by the 90™ day of the study [29]. The patients were started on
a 40 mg dose and titrated to a maximum of 70 mg and
a minimum of 10 mg based on the aforementioned dosing
scheme. At day 90, 77.5% of the patients had average testos-
terone concentrations in the normal range. Patients were also
evaluated for maximum testosterone concentrations greater
than 1500 ng/dL or between 1800 and 2499 ng/dL with only
5.4% and 1.6% in those categories, respectively.

3.5. Vogelxo®

Another recently developed 1% testosterone gel is Vogelxo
(Upsher-Smith Laboratories, Maple Grove, MN, USA). Although
other gels are also available at this concentration, Vogelxo is
unique in that it contains multiple known penetration enhan-
cers such as diisopropyl adipate, oleyl acid, and methyl laurate
[30]. The gel comes in either unit-dose tubes, packets, or
metered-dose pumps. The starting dose is 50 mg (one tube/
packet or 4 pump actuations) and can be titrated up to
a maximum dose of 100 mg. The gel is applied to the
shoulders and upper arms and should be limited to the area
covered by a shirt. Clinical trials evaluating Vogelxo (50 mg
and 100 mg) compared to a placebo and a non-scrotal testos-
terone transdermal system showed that 74% of the patients
had average testosterone concentrations of testosterone in
the normal range by day 90 [27].

3.6. Testavan®

Testavan (Ferring Pharmaceuticals, Saint Prex, Switzerland) is
a novel 2% gel with a novel hydroalcoholic and highly viscous
formulation [31]. Testavan comes in a meter-dose dispenser
which includes a hands-free cap applicator. The starting dose
is 23 mg of testosterone delivered in 1.15 g of gel (one pump
actuation) and the highest dose is 69 mg of testosterone in
3.45 g of gel. The dose is titrated based on peak testosterone
concentration measured 2-4 hours after application. Testavan
is unique in that relatively less gel must be applied compared
to other products. This feature is attributed to its increased
bioavailability from a proprietary topical gel technology called
Ferring Advanced Skin Technology (FAST) which uses a unique
combination of penetration enhancers. Although Testavan
also has a risk of transference similar to other gels, its hands-
free cap applicator provides a possible means of decreasing
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this risk. One study demonstrated that 87% of the patients felt
a reduced risk of secondary exposure when using the appli-
cator [31].

3.7. Axiron®

Axiron (Eli Lilly, Indianapolis, IN, USA) comes in the form of
a liquid solution with 30 mg of testosterone for every 1.5 mL
of hydroalcoholic solution containing the penetration enhan-
cer octyl salicylate [32]. Axiron comes in a pump or twist
actuated metered-dose pump. Each pump or twist delivers
30 mg of testosterone into an applicator cup which is then
applied exclusively to the axilla. The starting dose is 60 mg
(two pumps or twist actuations) daily with peak levels reached
at 2-8 hours, and can be titrated up to 120 mg or down to
30 mg depending on subsequent testosterone measurements.
Titrations can be made based on levels at 2-8 hours after
application and at least 14 days after starting treatment.

Clinical trials done with Axiron showed that 84.8% of patients
had average testosterone concentrations within the normal
limits over 60 days [33]. During the study, it took 14 days to
reach steady-state concentration and 7-10 days for testosterone
levels to decrease to baseline after discontinuation. As with
other transdermal routes of administration, the most common
adverse event was application site irritation/erythema [33].
Furthermore, similar to gels, this formulation demonstrates
a risk of transference, necessitating thorough handwashing
and coverage of the administration site with clothing [32].

4. Buccal

Buccal testosterone developed as Striant® (Endo
Pharmaceuticals, Malvern, PA, USA) is available in the form of
a mucoadhesive tablet that adheres to the gums and provides
a controlled release of testosterone as saliva hydrates the
system. The testosterone is absorbed directly into systemic
circulation via the mucosa, bypassing first-pass metabolism
in the liver [34]. Striant tablets contain 30 mg testosterone
and are dosed with one tablet twice daily. After application,
serum testosterone reaches maximum levels within the nor-
mal physiologic range in 10-12 hours. Upon removal, testos-
terone levels decrease back to baseline in 2-4 hours.

Two clinical trials were conducted to evaluate the pharma-
cokinetic profiles of Striant. At 7 days and 12 weeks, 84% and
76% of the participants reached testosterone levels within the
normal range, respectively, with steady-state concentrations of
550+169 ng/dL and 520+205 ng/dL [35,36]. The most com-
mon adverse effects were related to gum or mouth irritation
and taste perversion. Despite these unique side effects, how-
ever, long-term studies indicate that these symptoms did not
worsen over time and only resulted in a 4.3% overall disconti-
nuation rate [37]. Striant provides an easy-to-use, noninvasive
option to treat hypogonadism with relatively few side effects.

5. Intramuscular depot

Unmodified injected testosterone has an inconsistent half-life
of around 30 minutes, and thus modifications have been
made to provide a slower sustained release [38]. The addition

of an ester group increases the solubility of the testosterone
molecule in hydrophobic environments which causes a slower
release of bioactive testosterone from the muscle into sys-
temic circulation. Therapeutic intramuscular testosterone cur-
rently comes in three forms: testosterone cypionate (TC),
testosterone enanthate (TE), and testosterone undecanoate
(TU), each of which differs in the length of the ester chain
on the 17-beta position carbon molecule. The testosterone
esters have carbon chain lengths of seven, eight, and eleven
molecules for TE, TC, and TU, respectively. Generally, a longer
chain provides a longer duration with TC and TE having similar
durations of action and TU lasting longer [39].

One unique disadvantage of intramuscular formulations is
that they necessitate frequent injections which can cause pain,
injection site reactions, and distress to the patients.
Furthermore, IM testosterone is associated with more rapid
testosterone fluctuations which can cause mood swings and
changes in libido along with an increasing chance of develop-
ing dependence [40]. Injectable testosterone is also associated
with a greater risk of erythrocytosis compared to other forms
of testosterone therapy [41].

5.1. Testosterone cypionate

Testosterone cypionate or Depo-Testosterone© was devel-
oped by Pharmacia and Upjohn Company (New York, NY,
USA) but is also available in a generic form. Both options
provide doses of 100 mg/mL (10 mL vial) and 200 mg/mL (1
or 10 mL vial) with cottonseed oil as the vehicle. While the
FDA recommends a starting dose with a wide range of 50 to
400 mg every 2-4 weeks, the Endocrine Society Clinical
Practice Guidelines suggest an alternative dosing scheme at
75-100 mg weekly or 150-200 mg every 2 weeks [40,42].

A study analyzing the pharmacokinetics of TC over a 14 day
period after administration of 200 mg in 11 hypogonadal men
demonstrated that mean testosterone levels rose to suprather-
apeutic levels peaking at 1112 = 297 ng/dL around post-
injection day 4-5 [43]. Afterward, levels slowly declined and
approached 400 ng/dL by day 14. In addition, elevations in
testosterone were associated with a threefold increase in
estradiol levels. These wide fluctuations throughout the
2-week period likely account for mood swings and changes
in libido that are commonly reported.

5.2. Testosterone enanthate

Testosterone enanthate, developed by Endo Pharmaceuticals
and Antares Pharma (Malvern, PA, USA), is available as
a generic intramuscular injection as well as a new subcuta-
neous injector. lts chemical structure contains an ester hep-
tanoate side chain at the 17-(beta) carbon. For IM TE, dosing
guidelines are similar to those recommended by the FDA and
Endocrine Society for TC [44].

The pharmacokinetics of IM TE was evaluated in a trial of
various dosages [45]. During the trial, 100 mg was given every
week, 200 mg every 2 weeks, 300 mg every 3 weeks, and
400 mg every 4 weeks. Average serum concentrations of
testosterone remained in the normal range for all groups.
Although the 100 mg and 200 mg groups both maintained



minimum concentrations within the normal range throughout
the dosing period, both the 300 mg and 400 mg groups had
testosterone concentrations that plateaued below the lower
limit. Furthermore, each dosage group reached peak levels
above 1,200 ng/dL 24-48 hours after administration, demon-
strating the wide variation in levels between doses.

5.2.1. Xyosted™
Xyosted, a new form of TE developed by Antares Pharma
(Malvern, PA, USA), is available in the form of
a subcutaneous auto-injector. The injector is available in
three dosage forms: 50 mg, 75 mg, and 100 mg, all dissolved
in a 0.5 mL solution. The recommended starting dose is 75 mg
administered in the abdominal region once a week.
Concentrations can be titrated up or down depending on
trough levels at the end of the dosing interval [46].

The efficacy and safety of Xyosted was evaluated in
a 150-patient, 52-week clinical trial [47]. Each patient was
started off at 75 mg weekly and titrated 25 mg up or down
based on trough levels at week 6. Endpoints included 7-day
average serum testosterone concentrations within the nor-
mal range at week 12 and percentage of patients with
maximum testosterone levels above 1500, between 1800
and 2500 and above 2500 ng/dL. By week 12, average
serum testosterone concentrations were in the normal
range for 90% of the patients with no patients having max-
imum levels greater than 1500 ng/dL. Xyosted offers a less
painful, easy-to-use alternative to IM injections while still
maintaining the ability to raise testosterone levels over
a relatively long period of time [48]. Due to a mean increase
of 4 mmHg increase in systolic blood pressure during the
trial, Xyosted also includes an FDA boxed warning for an
increase in blood pressure that raises the risk of major
adverse cardiovascular events [47].

5.3. Testosterone undecanoate

Injectable testosterone undecanoate, or Aveed®, was devel-
oped by Endo Pharmaceuticals (Malvern, PA, USA) and is the
longest acting IM injection available. The starting dose of IM
TU is two injections in the gluteus medius of 750 mg (3 mL)
spaced 4 weeks apart and one 750 mg injection every
10 weeks thereafter. There are no dosage titrations for IM TU
[49]. Administration of IM TU can only be done in-office as
there is a risk of intravascular injection which can lead to
pulmonary oil microembolism (POME) [50]. Patients must be
observed in the clinic for a half-hour to observe for symptoms
such as urge to cough, shortness of breath, throat tightening,
chest pain, dizziness, and syncope [49]. Due to this significant
side effect, the use of Aveed® is restricted and only available
through the Aveed REMS (Risk Evaluation and Mitigation
Strategy) Program.

IM TU was evaluated for efficacy by an 84 week trial includ-
ing 130 hypogonadal patients [51]. The primary and secondary
endpoints were the percentage of patients who reached
steady state average testosterone concentrations within the
normal range and significantly increased maximum testoster-
one levels (>1500, 1800-2499, and >2500 ng/dL). Of the 130
men, 117 completed the study with 94% reaching normal
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steady state concentrations and only 5.1% below the normal
range. Only 7.7% of the patients had maximum levels above
1500 ng/dL but none had levels greater than 1800 ng/dL.

Another study analyzed the pharmacokinetics of IM TU and
compared them to other testosterone esters with respect to
time to maximum levels and elimination half-life. Overall, IM
TU rises more slowly compared to TE (7 days to maximum
concentration versus 1-2 days) and has greatly increased
elimination half-life compared to TE (18-24 days versus
4.5 days). This may help prevent unwanted side effects related
to the rapidly changing levels of testosterone [47,52].

6. Subdermal pellets

The earliest form of testosterone replacement comes in the
form of long-acting subcutaneous pellets made of crystalline
testosterone formulated to allow for a slow release within
extracellular fluid [53]. Implantation requires an in-office
procedure under local anesthetic in which a small incision
is made on the hip (or another fatty area) and the pellets are
placed with the aid of a trocar. The recommended starting
dose is 150-450 mg every 3-6 months. Dosage adjustments
are made depending on the patient’s response and the
appearance of adverse events [54]. Despite these recommen-
dations, clinical studies and experience over the years have
demonstrated that more pellets are needed to achieve satis-
factory results [55]. Pharmacokinetic studies have been per-
formed using 100 mg or 200 mg pellets at 600 mg doses (6
X100 mg or 3 X 200 mg) and 1200 mg (6 X 200 mg).
Testosterone levels were maintained at physiological levels
for 4-5 months with 600 mg and 6 months in the 1200 mg
group with a half-life duration of 2.5 months [56].

The most common unique adverse related to testosterone
pellets is extrusion (8.5%) with less common side effects of
bleeding (2.3%) and infection (0.6%) [57]. Other common
adverse effects include pain, bruising, and fibrosis. Although
pellets may seem like an unnecessarily invasive option com-
pared to other forms of TRT, potential advantages include
long duration of action with uniform levels, reliable patient
compliance, and no risk of transference. Testosterone pellets
are currently available as Testopel® (75 mg) (Endo
Pharmaceuticals, Malvern, PA, USA) or as a generic pellet
(12,5 mg, 25 mg, 37.5 mg, and 50 mg). A clinical trial is
under way to evaluate the efficacy of Testopel compared to
a generic 100 mg and 200 mg pellets [58].

7. Nasal gel

One of the more recent forms of TRT comes in the form of
Natesto® (Acerus Pharmaceuticals, Mississauga, ON, Canada),
a nasal testosterone gel. The gel comes in a 4.5% metered-
dose pump with each pump actuation delivering 5.5 mg of
testosterone [59]. Natesto is dosed with one pump actuation
in each nostril, with three applications per day spaced 6-8 hours
apart for a total of 33 mg/day. Testosterone concentrations
should be checked as soon as 1 month following the beginning
of treatment. Application to the nasal mucosa allows for testos-
terone absorption to bypass first-pass liver metabolism.
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Studies assessing the pharmacokinetic profile of nasal tes-
tosterone showed that peak levels in the normal physiologic
range were reached within 40 minutes after administration in
doses ranging from 7.6 mg to 22.8 mg [60]. Levels dipped
back to baseline around 8 hours after administration across all
study dosages. Another study found that the optimal dosage
pattern was three administrations spaced 6 hours apart and
produced steady state levels completely within the physiolo-
gic range [61]. Clinical trials have shown that 90% of the
patients taking Natesto three times daily had average testos-
terone levels within the normal range (300-1050 ng/dL) after
90 days with roughly 10% of the patients remaining below the
physiologic range [60].

In contrast to other testosterone gels, Natesto has no risk of
transference as it is solely applied to the nasal mucosa. In
addition, the short acting nature of Natesto allows the body
to potentially restore the hypothalamic-pituitary-gonadal axis.
A recent clinical trial demonstrated that Natesto® dosed twice
daily allowed for preservation of gonadotropin levels and
maintenance of spermatogenesis at 6 months [62]. Relatively
common adverse events specific to Natesto included symp-
toms related to nasopharyngitis, rhinorrhea, epistaxis, and
upper respiratory infection [61]. Overall, Natesto provides
a noninvasive, reliable method to raise testosterone levels in
hypogonadal men with the added benefit of maintaining
spermatogenesis.

8. Oral formulations

Oral formulations of testosterone offer the benefit of conve-
nience, ease of use, and avoidance of transference and painful
injections. Despite these advantages, early oral formulations
have not been widely adopted as a viable treatment option
due to high-dose requirements as a result of significant inac-
tivation by first-pass liver metabolism [63]. Initial attempts at
a viable oral testosterone option lead to the development of
17 a-methyltestosterone; however, this medication led to sig-
nificant hepatotoxicity [64,65]. Subsequent attempts involved
fatty-acid esterification into testosterone undecanoate which
bypassed first pass portal metabolism by way of intestinal
lymphatic absorption [66,67]. Although testosterone unde-
canoate avoided hepatotoxicity, absorption was highly depen-
dent on fat consumption and led to variable responses [68,69].
For these reasons, oral testosterone has not been widely
adopted.

8.1. Jatenzo®

Jatenzo (Clarus Therapeutics, Northbrook, IL, USA) is a novel
formulation of oral testosterone undecanoate that attempts to
provide a more uniform response, independent of the lipid
content in a meal, through a self-emulsifying drug delivery
system. Although still dependent on food intake, initial data
showed that this formulation allowed for a more even absorp-
tion of TU. Administering Jatenzo while fasting or with a very
low-fat content meal (<10% fat) resulted in lower absorption;
however, all other meals including a normal western diet meal
(~30% fat) lead to uniform absorption [70]. Similarly, a phase 3
clinical trial showed no difference in testosterone

concentrations after administration, with meals ranging from
15 to 45 g of fat. This study was able to demonstrate that
Jatenzo restored testosterone to eugonadal levels in 87.3% of
the patients, which is identical to the control arm of topical
therapy [71,72]. In addition, it demonstrated a similar side
effect profile except for gastrointestinal side effects (nausea,
diarrhea, burping) and a mean increase in systolic blood pres-
sure of 3-5 mmHg. Similar to Xyosted, this has led to the
addition of the FDA boxed warning for hypertension and
increase in risk for major adverse cardiovascular events.
Jatenzo demonstrates peak levels roughly 4 hours after the
initial administration, necessitating twice daily dosing with
food starting at 237 mg. Dose adjustment is based on testos-
terone measurement 4-6 hours after the morning dose, taken
at least 7 days after starting the treatment, with doses ranging
from 158 mg BID to 396 mg BID [73]. Jatenzo gained FDA
approval in 2019, and currently stands as the only FDA-
approved oral testosterone replacement option available in
the United States.

9. Conclusion

TD can cause a variety of symptoms that can be treated with
the administration of exogenous testosterone. The current
landscape for TT includes a plethora of options with different
modes of application, each with their own unique advantages
and disadvantages. To ensure high-quality care, we recom-
mend that providers and patients use a shared decision-
making approach based on patient preference and function-
ality, dosing interval, treatment burden, cost, and side effect
profile in choosing the appropriate form of TT.

10. Expert opinion

The management of TD is very complex because of the wide
variety of options (transdermal, IM and subcutaneous injec-
tions, subdermal pellets, oral, nasal gel, and buccal tablet). In
addition, many of the causes of TD are irreversible which
necessitates long-term treatment, rendering patient compli-
ance a critical factor for successful treatment. Many of the
drugs require frequent administration or have unique side
effects which can be an issue for many users. Although man-
agement is focused on maintaining testosterone levels in the
normal range (450-600 ng/dL), treatment often leads to sub-
and supraphysiological levels of testosterone after drug
administration and absorption [10]. For example, males receiv-
ing TE and TC injections every 2-4 weeks may have fluctuating
levels of serum testosterone, with up to 50% of time below
treatment target [74]. These large fluctuations may be respon-
sible for mood swings, decreased libido, and fatigue by the
end of the cycle. It has also been demonstrated that supra-
physiological levels of serum testosterone, especially those
common with intramuscular injections, are the most impor-
tant cause of many of the side effects (elevated hematocrit,
endothelial dysfunction, acne, breast enlargement) [75].
Together, these factors can make TD a difficult disease process
to manage. To highlight this, one study demonstrated that up
to 25% of the men discontinue TT within 6 months after
imitation and 24% switch to another form of TT [76]. As



such, it is imperative to treat men with TD individually through
a shared decision-making process to determine the optimal TT
regimen.

There are several areas of current research that focus on
improving reliability, ease of use, patient compliance, and cost.
Many patients seeking TT commonly ask for a ‘pill to solve
their problems.” However, oral testosterone has long been
a nonviable option due to hepatotoxicity and variable absorp-
tion. Jatenzo (testosterone undecanoate capsules) appears to
be promising as an oral testosterone option in providing
resolution of symptoms and normal range serum testosterone
levels. Subdermal pellets also represent an excellent option
with uniform response; however, Testopel is often expensive
with many payers denying coverage. Currently, an ongoing
trial is investigating the efficacy of long-term subdermal gen-
eric pellets after 4 months versus Testopel. This would provide
evidence for an affordable alternative that may allow implan-
tation of pellets to become more ubiquitous [58].

Another area of research involves treatment of TD while
preserving fertility. As exogenous testosterone disrupts the
HPG axis through a negative feedback loop, males will uni-
versally have compromised spermatogenesis. With TD becom-
ing even more common, especially in young males and
adolescents, novel methods for TT that preserve male inferti-
lity are imperative [9]. The authors believe in two major lines
of future research in this arena. First, the use of Leydig stem
cells (LSC) appears to be promising in restoring the production
of serum testosterone while simultaneously preserving the
HPG axis. Previous studies have shown the feasibility and
safety of subcutaneous autografting of a combination of
Leydig cells, Sertoli cells, and peritubular myoid cells in rats.
The ectopic site could not only produce testosterone, but also
to respond to hypothalamic-pituitary signaling, corroborating
in-vitro findings [77,78]. Future clinical trials should focus on
evaluating the efficacy, security, and applicability of LSC auto-
graft in humans with primary testosterone deficiency. Second,
very short-acting testosterones have the theoretical potential
to preserve the HPG axis by providing short bursts of testos-
terone which allow for periods of recovery. A single-arm clin-
ical trial evaluating Natesto, a very short-acting testosterone,
demonstrated patients had preserved gonadotropin levels and
spermatogenesis at 6 months [79]. Further research should
focus on short-acting testosterone and its effect on male
infertility.

Funding

This manuscript has not been funded.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

Declaration of interest

R Ramasamy is a consultant for Acerus Pharmaceuticals and Endo
Pharmaceuticals. The authors have no other relevant affiliations or finan-
cial involvement with any organization or entity with a financial interest in

EXPERT OPINION ON PHARMACOTHERAPY 9

or financial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed.

References

Papers of special note have been highlighted as either of interest () or of

considerable interest () to readers.

1. Katznelson L, Finkelstein JS, Schoenfeld DA, et al. Increase in bone
density and lean body mass during testosterone administration in
men with acquired hypogonadism. J Clin Endocrinol Metab. 1996
Dec;81(12):4358-4365.

2. Jockenhovel F, Vogel E, Reinhardt W, et al. Effects of various modes
of androgen substitution therapy on erythropoiesis. Eur J Med Res.
1997 Jul 28;2(7):293-298.

3. Davidson JM, Camargo CA, Smith ER. Effects of androgen on sexual
behavior in hypogonadal men. J Clin Endocrinol Metab. 1979
Jun;48(6):955-958.

4. Snyder PJ, Peachey H, Berlin JA, et al. Effects of testosterone
replacement in hypogonadal men. J Clin Endocrinol Metab. 2000
Aug;85(8):2670-2677. .

5. Clavijo RI, Ramasamy R. Testosterone replacement should be given
to men with erectile dysfunction: pro. J Urol. 2017 Feb;197(2):284.

6. Finkelstein JS, Klibanski A, Neer RM, et al. Osteoporosis in men with
idiopathic hypogonadotropic hypogonadism. Ann Intern Med.
1987 Mar;106(3):354-361.

7. Carnegie C. Diagnosis of hypogonadism: clinical assessments and
laboratory tests. Rev Urol. 2004;6(Suppl 6):5S3-8.

8. Tajar A, Huhtaniemi IT, O'Neill TW, et al. Characteristics of androgen
deficiency in late-onset hypogonadism: results from the European
Male Aging Study (EMAS). J Clin Endocrinol Metab. 2012 May;97
(5):1508-1516.

An important study that highlights the epidemiology of tes-

tosterone deficiency

9. Lokeshwar SD, Patel P, Fantus RJ, et al. Decline in serum testoster-
one levels among adolescent and young adult men in the USA. Eur
Urol Focus. 2020 Feb 18. DOI:10.1016/j.euf.2020.02.006.

10. Mulhall JP, Trost LW, Brannigan RE, et al. Evaluation and manage-

ment of testosterone deficiency: AUA guideline. J Urol. 2018

Aug;200(2):423-432.

Guidelines for TT for men with TD from the American

Urological Association

11. Masterson JM, Cohen J, Blachman-Braun R, et al. Pre-treatment
estradiol does not predict testosterone response to clomiphene
citrate. Transl Androl Urol. 2020 Apr;9(2):609-613. .

12. Bibliography of the current world literature on AIDS. AIDS. 1988
Aug;2(4):A31-41.

13. Shoshany O, Abhyankar N, Mufarreh N, et al. Outcomes of anastro-
zole in oligozoospermic hypoandrogenic subfertile men. Fertil
Steril. 2017 Mar;107(3):589-594.

14. Lima TFN, Rakitina E, Blachman-Braun R, et al. Evaluation of
a serum 17-hydroxyprogesterone as predictor of semen parameter-
(s) improvement in men undergoing medical treatment for
infertility. Can Urol Assoc J. 2020 Dec 15;15(7). 10.5489/cua;j.6846.

15. Lima TFN, Patel P, Blachman-Braun R, et al. Serum
17-hydroxyprogesterone is a potential biomarker for evaluating
intratesticular testosterone. J Urol. 2020 Sep;204(3):551-556.

16. Patel A, Patel P, Bitran J, et al. Can serum 17-hydroxyprogesterone
and insulin-like factor 3 be used as a marker for evaluation of
intratesticular testosterone? Transl Androl Urol. 2019 Mar;8(Suppl
1):558-563.

17. Southwell D, Barry BW. Penetration enhancers for human skin:
mode of action of 2-pyrrolidone and dimethylformamide on parti-
tion and diffusion of model compounds water, n-alcohols, and
caffeine. J Invest Dermatol. 1983 Jun;80(6):507-514.

18. Abadilla KA, Dobs AS. Topical testosterone supplementation for the
treatment of male hypogonadism. Drugs. 2012 Aug 20;72
(12):1591-1603.

19. ANDRODERM® [FDA Label]. North Chicago (IL): Abbvie; 2011 Oct.


https://doi.org/10.1016/j.euf.2020.02.006
https://doi.org/10.5489/cuaj.6846

10 (&) E. KRESCH ET AL.

20.

21.

22.

23.

24,

25

26.

27.

28.

29.

30.

31.

32.
33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

Dobs AS, Meikle AW, Arver S, et al. Pharmacokinetics, efficacy, and
safety of a permeation-enhanced testosterone transdermal system
in comparison with bi-weekly injections of testosterone enanthate
for the treatment of hypogonadal men. J Clin Endocrinol Metab.
1999 Oct;84(10):3469-3478.

ANDROGEL®, 1% [FDA labell. North Chicago (IL): AbbVie; 2013
May.

Wang C, Berman N, Longstreth JA, et al. Pharmacokinetics of
transdermal testosterone gel in hypogonadal men: application of
gel at one site versus four sites: a general clinical research center
study. J Clin Endocrinol Metab. 2000 Mar;85(3):964-969. .
Swerdloff RS, Wang C, Cunningham G, et al. Long-term pharmaco-
kinetics of transdermal testosterone gel in hypogonadal men. J Clin
Endocrinol Metab. 2000 Dec;85(12):4500-4510. .

ANDROGEL®, 162% [package insert]. North Chicago (IL): AbbVie;
2015 May.

. Liu J, Jiang Z, Zhang S, et al. Biodegradation, biocompatibility, and

drug delivery in poly(omega-pentadecalactone-co-p-dioxanone)
copolyesters. Biomaterials. 2011 Sep;32(27):6646-6654.

TESTIM® [FDA label]. Malvern (PA): AuxiliumPharmaceuticals Inc;
2016 Oct.

Steidle C, Schwartz S, Jacoby K, et al. AA2500 testosterone gel
normalizes androgen levels in aging males with improvements in
body composition and sexual function. J Clin Endocrinol Metab.
2003 Jun;88(6):2673-2681. .

FORTESTA® [FDA label]. Malvern (PA): EndoPharmaceuticals; 2017
Jul.

Dobs AS, McGettigan J, Norwood P, et al. A novel testosterone 2%
gel for the treatment of hypogonadal males. J Androl. 2012 Jul-Aug
;33(4):601-607.

VOGELXO® [FDA labell.
Laboratories; 2016 Sep.
Arver S, Stief C, De La Rosette J, et al. A new 2% testosterone gel
formulation: a comparison with currently available topical
preparations. Andrology. 2018 May;6(3):396-407.

AXIRON® [FDA Label]. Indianapolis (IN): Eli Lilly; 2017 Feb.

Wang C, llani N, Arver S, et al. Efficacy and safety of the 2%
formulation of testosterone topical solution applied to the axillae
in androgen-deficient men. Clin Endocrinol (Oxf). 2011 Dec;75
(6):836-843.

STRIANT® [Package insert]. Malvern (PA): EndoPharmaceuticals
LLC; 2015 May.

Wang C, Swerdloff R, Kipnes M, et al. New testosterone buccal
system (Striant) delivers physiological testosterone levels: pharma-
cokinetics study in hypogonadal men. J Clin Endocrinol Metab.
2004 Aug;89(8):3821-3829.

Korbonits M, Slawik M, Cullen D, et al. A comparison of a novel
testosterone  bioadhesive  buccal system, striant,  with
a testosterone adhesive patch in hypogonadal males. J Clin
Endocrinol Metab. 2004 May;89(5):2039-2043.

Dinsmore WW, Wyllie MG. The long-term efficacy and safety of
a testosterone mucoadhesive buccal tablet in
testosterone-deficient men. BJU Int. 2012 Jul;110(2):162-169.
Veldhuis JD, Keenan DM, Liu PY, et al. Kinetics of removal of
intravenous testosterone pulses in normal men. Eur J Endocrinol.
2010 Apr;162(4):787-794.

Edelstein D, Basaria S. Testosterone undecanoate in the treatment
of male hypogonadism. Expert Opin Pharmacother. 2010 Aug;11
(12):2095-2106.

Depo-Testosterone© [FDA labell. New York (NY): Pharmacia and
Upjohn Company; 2018 Jul.

Ohlander SJ, Varghese B, Pastuszak AW. Erythrocytosis following
testosterone therapy. Sex Med Rev. 2018Jan6;6(1):77-85.

This study highlights the differences in erythrocytosis between
different TTh formulations which can influence clinical deci-
sion making depending on patient risk factors.

Bhasin S, Brito JP, Cunningham GR, et al. Testosterone therapy in
men with hypogonadism: an endocrine society clinical practice
guideline. J Clin Endocrinol Metab. 2018 May 1;103(5):1715-1744.
Guidelines for TT for men with TD from the Endocrine Society.

Maple Grove (MN): Upsher-Smith

43.

44,

45.

46.

47

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Nankin HR. Hormone kinetics after intramuscular testosterone
cypionate. Fertil Steril. 1987 Jun;47(6):1004-1009.
Testosterone enanthate [FDA label]l. Malvern
Pharmaceuticals; 2016 Oct.

Snyder PJ, Lawrence DA. Treatment of male hypogonadism with
testosterone enanthate. J Clin Endocrinol Metab. 1980 Dec;51
(6):1335-1339.

XYOSTED® [FDA labell. Malvern (PA): AntaresPharma Inc; 2019 Sep.

(PA: Endo

. Kaminetsky JC, McCullough A, Hwang K, et al. A 52-week study of

in oil
2019

dose adjusted subcutaneous testosterone enanthate
self-administered via disposable auto-injector. J Urol.
Mar;201(3):587-594.

Trial that explores differences between traditional IM injec-
tions and novel subcutaneous Auto-injector.

Arora S, Moclair B, Murphy K, et al. Summative usability evaluation
of the SCTE-Al device: a novel prefilled autoinjector for subcuta-
neous testosterone administration. J Sex Med. 2018 Dec;15
(12):1707-1715.

AVEEDO® [FDA label]. Malvern (PA): EndoPharmaceuticals; 2013 Mar.
Pastuszak AW, Hu Y, Freid JD. Occurrence of pulmonary oil micro-
embolism after testosterone undecanoate injection:
a postmarketing safety analysis. Sex Med. 2020 Jun;8(2):237-242.
Wang C, Harnett M, Dobs AS, et al. Pharmacokinetics and safety of
long-acting testosterone undecanoate injections in hypogonadal
men: an 84-week phase Il clinical trial. J Androl. 2010 Sep-Oct;31
(5):457-465.

Zhang GY, Gu YQ, Wang XH, et al. A pharmacokinetic study of
injectable testosterone undecanoate in hypogonadal men.
J Androl. 1998 Nov-Dec;19(6):761-768.

Bishop PM, Folley SJ. Absorption of hormone implants in man.
Lancet. 1951 Aug 11;2(6676):229-232.

TESTOPEL® [package insert]. Malvern (PA): EndoPharmaceuticals
Inc; 2015 May.

McCullough AA. Review of testosterone pellets in the treatment of
hypogonadism. Curr Sex Health Rep. 2014;6(4):265-269.
Handelsman DJ, Conway AJ, Boylan LM. Pharmacokinetics and
pharmacodynamics of testosterone pellets in man. J Clin
Endocrinol Metab. 1990 Jul;71(1):216-222.

Handelsman DJ, Mackey MA, Howe C, et al. An analysis of testos-
terone implants for androgen replacement therapy. Clin Endocrinol
(Oxf). 1997 Sep;47(3):311-316.

Clinicaltrials.gov [Internet]. Miami (FL): National Library of Medicine
(US). 2020 August 21. Identifier NCT04523480, TESTOPEL ® vs,
Generic Testosterone Pellets. Available from: https://ClinicalTrials.
gov/show/NCT04523480

NATESTO™ [FDA label]. Mississauga (ON): AcerusPharmaceuticals;
2014 May.

Mattern C, Hoffmann C, Morley JE, et al. Testosterone supplemen-
tation for hypogonadal men by the nasal route. Aging Male. 2008
Dec;11(4):171-178.

Rogol AD, Tkachenko N, Bryson N. Natesto, a novel testosterone
nasal gel, normalizes androgen levels in hypogonadal men.
Andrology. 2016 Jan;4(1):46-54.

Masterson T, Molina M, lbrahim E, et al. Natesto effects on repro-
ductive hormones and semen parameters: results from an ongoing
single-center, investigator-initiated phase IV clinical trial. Eur Urol
Focus. 2018 Apr;4(3):333-335.

Daggett PR, Wheeler MJ, Nabarro JD. Oral
reappraisal. Horm Res. 1978;9(3):121-129.
Westaby D, Ogle SJ, Paradinas FJ, et al. Liver damage from
long-term  methyltestosterone.  Lancet. 1977 Aug 6;2
(8032):262-263.

Delorimier AA, Gordan GS, Lowe RC, et al. Methyltestosterone,
related steroids, and liver function. Arch Intern Med. 1965
Aug;116(2):289-294.

Nieschlag E, Mauss J, Coert A, et al. Plasma androgen levels in men
after oral administration of testosterone or testosterone
undecanoate. Acta Endocrinol (Copenh). 1975 Jun;79(2):366-374.
Skakkebaek NE, Bancroft J, Davidson DW, et al. Androgen replace-
ment with oral testosterone undecanoate in hypogonadal men:

testosterone, a


https://ClinicalTrials.gov/show/NCT04523480
https://ClinicalTrials.gov/show/NCT04523480

68.

69.

70.

71.

72.

73.

a double blind controlled study. Clin Endocrinol (Oxf). 1981 Jan;14
(1):49-61.

Bagchus WM, Hust R, Maris F, et al. Important effect of food on the
bioavailability of oral testosterone undecanoate. Pharmacotherapy.
2003 Mar;23(3):319-325.

Schnabel PG, Bagchus W, Lass H, et al. The effect of food
composition on serum testosterone levels after oral administra-
tion of Andriol Testocaps. Clin Endocrinol (Oxf). 2007 Apr;66
(4):579-585.

Yin A, Alfadhli E, Htun M, et al. Dietary fat modulates the testoster-
one pharmacokinetics of a new self-emulsifying formulation of oral
testosterone undecanoate in hypogonadal men. J Androl. 2012
Nov-Dec;33(6):1282-1290.

Swerdloff RS, Wang C, White WB, et al. A new oral testosterone
undecanoate formulation restores testosterone to normal concen-
trations in hypogonadal men. J Clin Endocrinol Metab. 2020 Aug
1;105(8):2515-2531.

Swerdloff RS, Dudley RE. A new oral testosterone undecanoate
therapy comes of age for the treatment of hypogonadal men.
Ther Adv Urol. 2020 Jan-Dec;12:1756287220937232.

JATENZO® [FDA label]. ClarusTherapeutics Inc: Northbrook (IL).
Mar 2019

74.

75.

76.

77.

78.

79.

EXPERT OPINION ON PHARMACOTHERAPY 1

Gooren L. Advances in testosterone replacement therapy. Front
Horm Res. 2009;37:32-51.

Skogastierna C, Hotzen M, Rane A, et al. A supraphysiological
dose of testosterone induces nitric oxide production and
oxidative stress. Eur J Prev Cardiol. 2014 Aug;21
(8):1049-1054.

Ory J, White JT, Moore J, et al. Canadian trends in testosterone
therapy. Can Urol Assoc J. 2020 Nov 17;15(6). DOI:10.5489/
Cuaj.6892.

Arora H, Zuttion M, Nahar B, et al. Subcutaneous Leydig stem cell
autograft: a promising strategy to increase serum testosterone.
Stem Cells Transl Med. 2019 Jan;8(1):58-65.

Zang ZJ, Wang J, Chen Z, et al. Transplantation of CD51(+) stem
leydig cells: a new strategy for the treatment of testosterone
deficiency. Stem Cells. 2017 May;35(5):1222-1232.

Ramasamy R, Masterson TA, Best JC, et al. Effect of Natesto on
reproductive hormones, semen parameters and hypogonadal
symptoms: a single center, open label, single arm trial. J Urol.
2020 Sep;204(3):557-563. .

A clinical trial that focuses on a unique property of nasal
testosterone; the lack of potential adverse effects on semen
parameters and male fertility.


https://doi.org/10.5489/cuaj.6892
https://doi.org/10.5489/cuaj.6892

	Abstract
	1.  Introduction
	2.  Non-exogenous TT options
	3.  Transdermal
	3.1.  Androderm®
	3.2.  Androgel®
	3.3.  Testim®
	3.4.  Fortesta®
	3.5.  Vogelxo®
	3.6.  Testavan®
	3.7.  Axiron®

	4.  Buccal
	5.  Intramuscular depot
	5.1.  Testosterone cypionate
	5.2.  Testosterone enanthate
	5.2.1.  Xyosted™

	5.3.  Testosterone undecanoate

	6.  Subdermal pellets
	7.  Nasal gel
	8.  Oral formulations
	8.1.  Jatenzo®

	9.  Conclusion
	10.  Expert opinion
	Funding
	Reviewer disclosures
	Declaration of interest
	References



