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Abstract: Exogenous testosterone was introduced nearly 80 years ago as a pharmaceutical agent
to treat male hypogonadism. Researchers continue to enhance the pharmacokinetic profile of tes-
tosterone to improve various benefits, including mood and sexual function, among other potential
benefits. The modalities that are currently available include implants, intramuscular injections,
oral formulations, transdermal delivery systems (ie, patches, gels, and a solution), transbuccal
delivery systems, and most recently, intranasal testosterone. Each of these products differs by
the delivery system, half-life, and ability to mimic physiological levels of testosterone. While
we recognize the unique characteristics and benefits of existing agents, we must address unmet
needs, including how best to mimic physiological levels of testosterone and how to administer
it through a more effective, safe, and convenient mechanism. In our overview of current and
emerging testosterone therapies, we will examine these topics and address the controversy of
prostate cancer and cardiovascular risk.

Keywords: hypogonadism, low testosterone, testosterone replacement therapy,
cardiovascular

Introduction

Testosterone is the essential androgen for male reproductive function that allows for the
development of external genitalia and secondary sex characteristics in prepubescent
males, and the maintenance of secondary sex characteristics, initiation and maintenance
of spermatogenesis, and stimulation and maintenance of sexual function in postpubes-
cent males.'> When the testes fail to produce an adequate amount of testosterone and/
or to conduct normal spermatogenesis, the result is hypogonadism.'

Hypogonadism is caused by a disruption of at least one level of the hypothalamic—
pituitary axis, and is classified based on where this disruption occurs — either primary
(affecting the testes) or secondary (affecting the pituitary or hypothalamus).'* Primary
hypogonadism, characterized by low serum testosterone and elevated luteinizing
hormone and follicle-stimulating hormone, can result from chromosomal defects,
such as Klinefelter’s syndrome or direct testicular injury (eg, radiation, chemother-
apy, surgery).' Secondary hypogonadism, characterized by low serum testosterone,
luteinizing hormone, and follicle-stimulating hormone, can be attributed to disease
(eg, Prader—Willi syndrome) or direct injury to the hypothalamus or pituitary gland
(eg, tumors, radiation).!

The cause of late onset hypogonadism, or age-related decline in testosterone levels,
is multifactorial and likely due to a combination of primary (testicular) and secondary
(hypothalamic) mechanisms.* In healthy young males, serum testosterone levels range
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from 300 to 1,000 ng/dL, but as men age, these levels have
been shown to decline by up to 2% each year.>”’

Hypogonadism is one of the most common endocrinopa-
thies.® In the US alone, it affects an estimated 4—5 million
males, or one in every 16 men aged 30-79 years.”'! It
can manifest in all age groups, but is most prevalent in
older males, affecting approximately 20% of men in their
60s, 30% in their 70s, and 50% in their 80s.>° The aging
population is expected to further increase the burden of
this disorder.’

Diagnosis of hypogonadism involves a thorough
assessment of symptoms combined with accurate assay
of serum testosterone.* Symptomatic presentation tends
to vary depending on the patient’s age. In prepubescent
males, hypogonadism is associated with delayed puberty,
gynecomastia, fatigue, increased body fat, decreased body
hair, shorter penile length (<5 cm), high-pitched voice,
small testes (volume <20 mL), and/or decreased or absent
scrotal rugae and hyperpigmentation. Postpubertal males
may present with sexual dysfunction, low libido, fatigue,
depressed mood and affect, oligospermia or azospermia,
loss of body hair, gynecomastia, anemia, and hot flashes,
and decreased lean body mass and muscle strength, tes-
ticular volume, and bone mineral density, among other
symptoms.*'*!3 These symptoms have been shown to
adversely affect multiple organ systems, reduce quality of
life, and increase mortality.!*!> Clinicians should recognize

the signs and symptoms of hypogonadism and test serum
testosterone levels.

Testosterone levels fluctuate diurnally and, thus, an initial
measurement of testosterone is recommended in the morn-
ing when circulating testosterone levels are highest and it
becomes easier to distinguish subnormal levels. Although
reference ranges at laboratories may vary, many clinicians,
including the Endocrine Society, consider 300 ng/dL or 10.4
nmol/L, the lower limit of normal.’> When subnormal testos-
terone levels are detected, it is recommended that testosterone
measurements are repeated to confirm a diagnosis.?

In addition to lifestyle changes, including improvements
in diet, exercise, and sleep, restoring testosterone levels to
within the normal range with testosterone replacement therapy
(TRT) can improve many of the effects of hypogonadism.'¢-2°
Testosterone was first synthesized approximately 80 years
ago and was introduced as subdermal testosterone implants
shortly thereafter (Figure 1).* Since then, a number of other
modalities have become available, offering patients various
benefits, including enhancements in mood and sexual func-
tion, among others (Figure 2).2'?” Although testosterone
therapy has effectively treated hypogonadism for decades,
there remains an unmet need for new therapies that are simple
and convenient to administer/use, safe, and mimic physiologi-
cal levels of testosterone. This review will discuss current and
emerging testosterone-based therapies for hypogonadism, as
well as address recent controversy regarding prostate cancer

(2010)
Testosterone
solution
(Phase IlI)
(1940s) (1977) (2000) SC self-administered testosterone,
Testosterone Oral Testosterone oral testosterone undecanoate,
implants testosterone® gel testosterone gel
h\‘
1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s :‘,\
"""""""""" ;'/’
(1954) (1994) (2003) (Phase II)
Intramuscular Transdermal Transbuccal  Unmodified oral testosterone
injections scrotal patch® testosterone Spray-on testosterone

(1995) (2014)
Nonscrotal Intranasal
patch testosterone

Figure | History of testosterone therapy.

Notes: *Not approved for use in the US; ®no longer approved for use in the US. Adapted from Nieschlag E, Behre HM, Bouchard P, et al. Testosterone replacement therapy:
current trends and future directions. Human Reproduction Update. 2004;10(5):409—419, by permission of Oxford University Press'® and Pfeil E, Dobs AS. Current and future
testosterone delivery systems for treatment of the hypogonadal male. Expert Opinion on Drug Delivery. 2008;5(4):47 1-481, copyright © 2008, Informa Healthcare. Reproduced

with permission of Informa Healthcare.?
Abbreviation: SC, subcutaneous.
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Reported benefits Reported risks

T Positive mood

T Sexual motivation, desire,
enjoyment, and performance

T Muscle strength

T Lean body mass

J Body fat and fat mass y

T Bone mineral density

T Hemoglobin levels

T Cardiovascular health?

/ T PSA levels and prostate size

Lipid abnormalities ({ HDL)

Acne or oily skin

Testicular atrophy

J Gynecomastia

Polycythemia

Sleep apnea

T Cardiovascular risk?

Figure 2 Clinically significant effects of testosterone replacement.

Note: Adapted from Pfeil E, Dobs AS. Current and future testosterone delivery systems for treatment of the hypogonadal male. Expert Opinion on Drug Delivery. 2008;5(4):
471481, copyright © 2008, Informa Healthcare. Reproduced with permission of Informa Healthcare? and Edelstein D, Sivanandy M, Shahani S, Basaria S. The latest options
and future agents for treating male hypogonadism. Expert Opinion on Pharmacotherapy. 2007;8(17):2991-3008, copyright © 2007, Informa Healthcare. Reproduced with

permission of Informa Healthcare.* Image © iStock.com/alexandragl|.

Abbreviations: T, increased; |, decreased; HDL, high-density lipoprotein; PSA, prostate-specific antigen.

and cardiovascular (CV) risk associated with testosterone
replacement. Other nontestosterone therapies are available
or are in development for the treatment of hypogonadism,
such as selective androgen receptor modulators, aromatase
inhibitors, selective estrogen receptor modulators, and human
chorionic gonadotropin. However, nontestosterone therapies

Table | Testosterone therapies by formulation/route

are beyond the scope of this review and have been summa-
rized elsewhere.*?%%

Current testosterone therapy
Native testosterone is well-absorbed by the intestine; how-
ever, it is metabolized rapidly by the liver, which presents

Formulation/route Dosing ranges

Dosing frequency

Testosterone implants® 150-450 mg
Intramuscular injections
Testosterone esters® 50—400 mg

Testosterone undecanoate’*

750 mg, and then 750 mg 4 weeks later, and then 750 mg

Every 3—6 months

Every 2—4 weeks
Every 10-14 weeks

every |10 weeks thereafter; 1,000 mg every 10—14 weeks

Oral* (not United States Food and Drug
Administration-approved)
Transdermal

Testosterone patch?®’ 2-6 mg
Testosterone gel**%9!

120-160 mg daily, in two divided doses, for the
first 2-3 weeks. Then, 40—120 mg daily

50-100 mg (1% gel)

Once to twice a day

Once daily
Once daily

20.25-81 mg (1.62% gel)

10-70 mg (2% gel)

Testosterone solution® 60—120 mg
Transbuccal* 30 mg
Intranasal testosterone*® Il mg

Once daily
Two times a day
Three times a day
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challenges with maintaining normal serum levels in hypogo-
nadal patients.* In an effort to improve bioavailability, pharma-
cokinetics, and therapeutic efficacy, developers have modified
the molecular structure of testosterone and developed a variety
of formulations and delivery routes (Table 1).

Implants

Introduced in the 1940s, testosterone implants were the first
form of exogenous testosterone therapy.* Although the treat-
ment is approved by the US Food and Drug Administration
(FDA) for 150—450 mg (two to six 75 mg pellets) every
3—6 months, clinicians most commonly use 10—12 pellets
every 4 months.?*** To administer testosterone implants,
the pellets are inserted subcutaneously using a small trocar.
Retention sutures are occasionally used to hold the pellets in
place. Erosion at the surface of the pellet leads to its systemic
absorption.?® Serum testosterone concentrations reach a
peak during the first month and then decline steadily into the
hypogonadal range.® Implants have been shown to normalize
testosterone and provide long-lasting symptom improvements
for up to 6 months with mid- to high-range testosterone levels
achieved in the body.*'** Adverse events (AEs) include rare
cases of spontaneous extrusion at the insertion site and surgi-
cal side effects, such as bleeding or infection.3?

Intramuscular (IM) injections

Injectable testosterone first became available in the 1950s
with the development of testosterone esters, including
testosterone cypionate, testosterone enanthate, and testos-
terone proprionate.'*?® IM injections of testosterone esters
are a widely prescribed testosterone therapy due to low
cost of treatment and convenience of infrequent dosing.!*
Esterification at the testosterone molecule and emulsification
in oil further increases the half-life and allows for a long
duration of action.'*?

Testosterone cypionate and testosterone enanthate are
administered every 2—4 weeks, while testosterone propionate
is administered 23 times per week.'*?® Although pharmaco-
dynamics vary, in general, IM injection of testosterone esters
leads to supraphysiological serum testosterone levels after
24 hours and subphysiological levels toward the end of the
dose interval.'* This may lead to side effects such as mood
swings, as well as variability in libido, sexual function, and
energy levels.!>?® Additionally, this delivery system requires
deep injection, and injection site reactions are common with
IM-delivered testosterone.'*

An additional ester, testosterone undecanoate (TU), offers
a prolonged half-life as compared to other esters, which

allows the drug to be administered every 10—14 weeks. 283333
Furthermore, serum testosterone is consistently maintained
within the physiological range.* As a result, patients report
fewer side effects, including fewer mood swings and more
stable libido. Side effects associated with TU include gyneco-
mastia and breast tenderness.* Additionally, prostate-specific
antigen (PSA) levels and prostate size have reportedly
increased among elderly males; however, these levels were
not found to exceed normal levels.*?

Oral formulations

Oral testosterone first became available in the 1970s; however,
itis not yet approved for use in the US. Although used outside
ofthe US for over 3 decades, oral preparations of testosterone
esters, including TU, are associated with undesirable dosing
and side effects.*® TU is administered up to three times daily,
must be administered with fatty meals to allow absorption,
and has a relatively unpredictable absorption pattern, result-
ing in short-lived peaks following ingestion.**3 Because TU
undergoes absorption in part through the intestinal lymphatic
pathway, it circumvents first-pass metabolism through the
liver.*® Long-term use is safe and well tolerated; however,
nausea and gastrointestinal effects have been reported.* Pres-
ently, available oral preparations are recommended for patients
with mild decreases in testosterone.*

Transdermal delivery systems

Due to the lipophilic nature of testosterone, the molecule read-
ily crosses skin and into circulation.* Transdermal delivery of
testosterone allows for the maintenance of serum testosterone
levels that are physiologic, and minimizes fluctuations seen
with testosterone esters.* Although transdermal delivery
requires daily administration and is more expensive than IM
testosterone, it is the treatment of choice for many patients.*

Testosterone patch

In 1994, scrotal films became the first transdermal testoster-
one preparation; however, they were quickly superseded by
nonscrotal patches once they became available.® Nonscrotal
patches contain testosterone in a reservoir with permeation-
enhancing agents and are typically applied to the back,
abdomen, thighs, or upper arms.**’ They are available in
various sizes, which may be combined to achieve the most
appropriate dose for the patient. Patches have been shown to
mimic normal circadian variations of serum testosterone and
dihydrotestosterone levels of healthy men, thereby resulting
in improvements in mood, fatigue, and sexual function.*37-3
The most common adverse reactions (=3% of patients)
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include pruritus (37%), blistering (12%), erythema (7%),
and vesicles (6%) occurring at the site of application. Other
adverse reactions include prostate abnormalities (5%),
headache (4%), allergic contact dermatitis (4%), site burn-
ing at the application site (3%), skin induration (3%), and
depression (3%).”

Testosterone gel

Testosterone gel, which was first approved in 2000, has
become a popular choice for many patients due to simple
once-daily application and maintenance of physiologic
testosterone levels.*?® When applied in the morning, testos-
terone gel results in physiological serum levels, mimicking
normal diurnal rhythm.® Gels (=67% ethanol by volume
with permeation enhancers) are applied to clean, intact skin
of the shoulders, upper arms, or abdomen and typically dry
10—15 minutes after application; however, it takes longer for
the testosterone to fully absorb.* Similar to patch prepara-
tions, gels offer flexible dose modifications.* Studies have
shown gels to effectively restore and maintain constant
steady-state testosterone levels, thereby improving sexual
function, mood, and body composition.?'**74° Gels are gener-
ally well tolerated — the most common AE is skin irritation
at the application site;* however, skin irritation occurs less
frequently with gels than with patches. All gels include a
boxed warning for transference, or secondary exposure, and
it is therefore recommended that patients avoid skin-to-skin
contact with others, particularly women and children, fol-
lowing administration.*

Testosterone solution

Testosterone solution first became available in 2010.* Tt is the
only underarm testosterone therapy, and is applied directly
to the underarm without rubbing into the skin with fingers
or hands.* Application of deodorant or antiperspirant is
recommended at least 2 minutes prior to applying the topi-
cal solution. Two pump actuations, or 60 mg, of testosterone
solution is administered once daily. The dose can be titrated
up or down as needed to ensure desired concentrations are
achieved. Testosterone solution is generally well tolerated;
most common adverse reactions (incidence >4%) reported
after 180 days were skin application site reactions (eg, appli-
cation site irritation, 8%; application site erythema, 7%),
increased hematocrit (7%), headache (6%), diarrhea (4%),
vomiting (4%), and increased serum PSA (4%).** Similar
to gels, testosterone solution carries a boxed warning for
secondary exposure; however, the subaxillary application
site may decrease this risk. It is recommended that patients

wash hands immediately after application, and skin-to-skin
contact with women and children directly following applica-
tion should be avoided.*

Transbuccal delivery systems

Transbuccal testosterone was approved by the US FDA
in 2003.* This form of administration involves placing a
small 30 mg tablet above the teeth on the buccal mucosa
twice daily. The testosterone in each tablet is distributed in
a matrix containing bioadhesive hydration technology. When
administered, the small tablet adheres to the buccal mucosa,
forming a gel, at which point the medication is absorbed,
thereby avoiding first-pass hepatic metabolism.* Food and
beverage consumption does not appear to affect absorption.
Serum testosterone peaks 30 minutes after application with a
fivefold increase from baseline.* Transbuccal testosterone is
generally well tolerated; the most common side effects (=1%
of patients) include gum or mouth irritation (9.2%), bitter
taste (4.1%), gum pain (3.1%), gum tenderness (3.1%),
headache (3.1%), gum edema (2.0%), and taste perversion
(2.0%).4

Intranasal testosterone

Intranasal testosterone, which was US FDA-approved in
2014, is one of the newest approved therapeutic options for
testosterone replacement.*® Administered via a metered-
dose pump, the bioadhesive/gel combination is designed to
adhere to the interior lateral wall of the nasal cavity.**” The
gel acts as a controlling matrix, allowing for slow release of
testosterone through the nasal mucosa. One pump delivers
5.5 mg of testosterone; the recommended dose is 11 mg,
intranasally (two pump actuations, one per nostril), three
times per day for a total daily dose of 33 mg.* In the regis-
tration trial for intranasal testosterone, 90% of patients had
testosterone levels within the normal range after 90 days
of treatment.*® Information on durability of effectiveness
beyond 90 days is not yet available. The most common side
effects in clinical studies (incidence =3%) are as follows:
increased PSA (5.1%), headache (3.8%), rhinorrhea (3.8%),
epistaxis (3.8%), nasal discomfort (3.8%), nasopharyngitis
(3.8%), bronchitis (3.8%), upper respiratory tract infection
(3.8%), sinusitis (3.8%), and nasal scab (3.8%).*® Use is not
recommended for patients with chronic nasal conditions or
alterations in nasal anatomy.

Emerging testosterone therapy
While many agents are currently being investigated as
potential therapies for hypogonadism, this review focuses
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Table 2 Emerging testosterone therapies

Formulation/route Dosing Dosing
ranges frequency
Phase Il
Subcutaneous self-administered 50-100 mg Once weekly
testosterone®
Oral testosterone undecanoate®**® 100-300 mg Twice daily
Testosterone gel*® 50 mg Once daily
Phase Il
Unmodified oral testosterone®' 120-240 mg Twice daily
Spray-on testosterone® 10-70 mg Once daily

on therapies that are under or recently completed Phase 11
and III study (Table 2).

Phase Il

Subcutaneous self-administered testosterone

A proprietary, prefilled, subcutaneous auto-injector for self-
administration of testosterone is currently under clinical
investigation by Antares Pharma, Inc. (Ewing, NJ, USA).* Par-
ticipants are enrolled in a double-blind, multiple-dose, Phase
I1I study to evaluate efficacy and safety.* The study will enroll
approximately 150 men with hypogonadism. Participants will
be assigned a starting dose once weekly for 6 weeks and then
the dose will be adjusted.* Adjustments to dose may be made
at week 7 based upon the week 6 predose blood level.* The
primary outcome of the study is the percentage of patients
within normal testosterone range after 12 weeks.*

Phase II study results for the subcutaneous self-adminis-
tered testosterone autoinjector were positive.’! Specifically,
50 mg and 100 mg doses of self-administered testosterone
enanthate delivered via autoinjector were able to rapidly restore
and consistently maintain normal testosterone levels in a dose-
proportionate manner. The once-weekly injection was generally
well tolerated and virtually no injection site pain was reported.
Another study is planned to collect additional safety data.*

Oral testosterone undecanoate
Two oral TU therapies have completed or are currently under
Phase III investigation.***

Oral TU softgel capsules for twice-daily dosing (Clarus
Therapeutics, Inc., Northbrook, IL, USA) has completed
Phase IIla and Phase IIIb trials (NCT01403116 and
NCTO01765179, respectively) and a New Drug Application
was submitted to the US FDA on January 3, 2014.%3¢ On
September 18, 2014, the US FDA Bone, Reproductive and
Urologic Drugs Advisory Committee and Drug Safety and
Risk Management Advisory Committee voted 18-3 that the
overall benefit/risk profile of the oral TU softgel capsules

was not acceptable to support approval for TRT. The panel
also voted 12-8 with one abstention that evidence showing
that the product is effective is insufficient. Although the US
FDA is not required to follow the committee’s decision, it
will consider the findings while reviewing the New Drug
Application.’® The Phase Illa trial evaluated the response of
325 hypogonadal men randomized to oral TU softgel capsules
twice daily (total of 100-300 mg daily) or a control group
treated with a testosterone gel. In this trial, the product report-
edly achieved the US FDA guidance for efficacious TRT,
defined as at least 75% of evaluable subjects with a serum
testosterone level within the normal range of 300-1,000
ng/dL. The Phase IIIB trial was a single-arm, 114-day trial
conducted in 144 hypogonadal men who received oral
TU softgel capsules twice daily (total of 100-300 mg daily).
In this trial, serum testosterone concentrations were also nor-
malized in 75% of men participating in the Phase IIIb trial
and “were closely aligned with, but did not precisely meet,
the FDA’s target for peak testosterone concentrations”.**-5
Most common treatment-related side effects in clinical
studies were occasional mild gastrointestinal disturbances
in some subjects and a modest decrease in high-density
lipoprotein cholesterol. Side effects associated with the drug
included increases in hematocrit, enlargement of the prostate
or increases in prostate-specific antigen (PSA).

Oral TU for twice-daily dosing (LPCN 1021) is being
developed by Lipocine Inc. (Salt Lake City, UT, USA).>*
Patients are currently enrolled in a Phase 111 study to deter-
mine the safety and efficacy of LPCN 1021. The study will
enroll 300 men with hypogonadism, with 200 assigned to
LPCN 1021 and 100 men assigned to testosterone gel 1.62%.
The LPCN 1021 study group will receive 225 mg of the drug
twice daily, which may be titrated up to 300 mg twice daily
or down to 150 mg twice daily (based on serum testosterone
levels at weeks 3 and 7). The primary outcome of the Phase I11
study is the proportion of LPCN 1021 subjects who achieve
a total testosterone concentration between 300 and 1,400 ng/
dL following 13 weeks of treatment.>*>

Testosterone gel

The testosterone gel was developed using Advanced Trans-
dermal Delivery™ (ATD™) gel technology to achieve rapid
transdermal absorption and improved testosterone bioavail-
ability. Applied with an applicator, ATD™ technology utilizes
a combination of solvents and permeation enhancers that
facilitate the rapid passage of active agents across the skin.
This may lead to lower doses/smaller volumes that reduce
the potential for secondary transference.’® The primary
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Table 3 Potential cardiovascular risks and benefits of testosterone

Potential cardiovascular risks
T hematocrit®
d (limited) HDL cholesterol®
T risk of MI®
T all-cause mortality®®
T risk of ischemic stroke®®
Potential cardiovascular benefits
d systolic and diastolic blood pressure®®
1 blood glucose®
1 hemoglobin A *
1 LDL cholesterol®
T HDL cholesterol®
{ triglycerides®
1 serum total cholesterol®5%
T hemoglobin®
T body composition?’
4 body fat?
Protective against M|
T exercise performance®
T ischemic threshold*
{ risk of Ml and exercise-induced MI%5%

Possible reduction in risk of atherosclerosis®”

Abbreviations: T, increased; |, decreased; HDL, high-density lipoprotein; MI,
myocardial infarction; LDL, low-density lipoprotein.

objective of the Phase III study is to determine the percent-
age of subjects whose average concentration serum total
testosterone levels are within the normal range.”’

The gel demonstrated favorable results in a Phase II
study.’®** The Phase II study investigated the pharmacoki-
netic profile, relative bioavailability, and tolerability of the
new testosterone gel 1% and 2%, in comparison to another
approved testosterone gel. The new testosterone gel formula-
tion exhibited higher testosterone bioavailability and faster
absorption versus the comparator.’$%

Phase Il

Unmodified oral testosterone

Unmodified oral testosterone (TSX-002) is a novel, proprietary
proliposomal formulation being developed by TesoRx Pharma,
LLC (Menlo Park, CA, USA).®> A Phase II trial has been
completed. The primary outcome measures were to assess
total serum testosterone and the proportion of subjects achiev-
ing a 24-hour average total serum testosterone concentration in
the eugonadal range after 15 days of twice-daily treatment.'
In a Phase I study, TSX-002 was well tolerated with no liver
toxicity or supraphysiological testosterone levels.®?

Spray-on testosterone
Spray-on testosterone is being developed by Transdermal
Delivery Solutions Corp (Palm Beach Gardens, FL,

USA).%® Doses of micronized testosterone are delivered via
a new liquid transdermal delivery solution, HydroSpray™,
a metered pump spray.®*®> A Phase II study is currently
enrolling to establish the efficacy of delivering testosterone
rapidly across intact skin.®* The primary outcome is to
measure response to varying doses;* 10 mg, 30 mg, 50 mg,
and 70 mg of micronized testosterone are delivered by a new
liquid transdermal delivery solution once daily for 7 days or
until halted. A previous study in healthy adult males indi-
cated that this transdermal spray can deliver testosterone
systemically, and concentrations 12 hours postdose were
bioequivalent to an existing topical delivery gel.®

Conclusion
Although current TRT modalities continue to be used safely
and effectively, unmet treatment needs exist. Many patients
discontinue treatment over time;*’ this patient attrition phe-
nomenon is likely due to a number of factors. Current options
carry arisk of secondary exposure, are perceived as inconve-
nient or are considered painful to administer, are associated
with fluctuations in serum testosterone levels, and have been
associated with serious safety concerns, such as increased
risk for prostate cancer and CV risk,*819-28:3942.68-70

Benign prostate hyperplasia and prostate cancer are
more common among older males; however, the effect of
TRT on the risk for developing these disorders has been
the subject of much debate.?® Some physicians are con-
cerned that exogenous testosterone could increase the risk
for developing benign prostate hyperplasia and prostate
cancer because androgens are essential to prostate growth,
and prostate cancers are uncommon among hypogonadal
men and castrated males.*?® Research into the relationship
between TRT and diseases of the prostate is conflicting.
In a compilation of studies involving men receiving TRT,
prostate cancer incidence was similar to the general popula-
tion. A case-control study showed that patients with prostate
cancer had lower levels of androgen bioactivity compared
to the control group.”" Furthermore, an observational study
of men who were treated with TRT and who subsequently
developed prostate cancer demonstrated that testosterone
use was not associated with aggressive prostate cancer
and did not affect overall or disease-specific mortality.”
However, in another study, subjects with higher levels of
serum-free testosterone were associated with an increased
risk of prostate cancer.” Despite this conflicting evidence,
the majority of studies demonstrate no correlation between
increased testosterone levels and the incidence of prostate
cancer.”*” Nevertheless, TRT remains contraindicated in
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patients with prostate cancer, and guidelines recommend
periodic follow-up of patients, including routine prostate
examination and regular monitoring of PSA levels.? Beyond
the effects of TRT on the prostate, other urological consider-
ations include potential exacerbation of lower urinary tract
symptoms. However, in a recent retrospective study of an
outpatient database,’ initiating TRT in hypogonadal men
was found to involve a low risk of worsening lower urinary
tract symptoms.

In addition to the debate regarding a potential relation-
ship with TRT and diseases of the urological system, the
impact of testosterone on the CV system also remains highly
controversial. Recent studies, such as those by Vigen et al,®
Finkle et al,® and Basaria et al,” concluded that the use
of testosterone therapy was associated with increased risk
of adverse CV outcomes, including mortality, myocardial
infarction (MI), or ischemic stroke (Table 3). The studies
reporting the increased risk have several limitations: these
studies were retrospective; they lacked information on the
patients’ CV history and time of blood draw, follow-up of
blood levels, and information on the serologic or diagnostic
indications for treatment; they contained a small sample
size; and/or CV events were not the primary outcome of
the study.®*"° Nevertheless, the findings prompted the US
FDA to issue a safety bulletin on testosterone products in
January 2014.77 The US FDA is currently investigating
the risk of mortality, MI, and stroke in men taking US
FDA-approved testosterone products, and will communicate
final conclusions and recommendations when the evaluation
is complete.”” According to the bulletin, the agency has not
concluded that testosterone agents increase risk of these
CV events.”” Since the US FDA bulletin was released, the
US FDA Bone, Reproductive and Urologic Drugs Advi-
sory Committee (BRUDAC) members expressed interest
in additional CV data to better understand the TRT-CV
relationship. The US FDA acknowledged that current data
are inconclusive.” Also, following the release of the FDA
bulletin, the Vigen et al® study has undergone published
corrections for allegedly misreporting data.” In March 2014,
25 international medical societies representing endocrinol-
ogy, andrology, men’s health, and sexual medicine groups
joined the Androgen Study Group to petition The Journal
of the American Medical Association (JAMA) to retract the
article by Vigen et al due to “gross data mismanagement”.%
The article has reportedly created “enormous damage” and
an “unfounded negative perception of testosterone therapy”,
which has led to treatment discontinuations, harmed physi-
cian—patient relationships, and bred a new field of medical

malpractice.® To date, there has been no published evidence
to suggest that patients taking testosterone therapy should
discontinue treatment. Additionally, no manufacturer’s trial,
in which subjects undergo rigorous monitoring, has deter-
mined an increased risk of CV events. Despite the aforemen-
tioned concerns and ongoing investigation into a potential
association between CV events and testosterone therapy,
the presence of low testosterone has been correlated with
CV risk factors.®"2 For instance, observational data suggest
that hypogonadism may be associated with metabolic syn-
drome.® Furthermore, hypogonadism may predispose men to
obesity, insulin resistance, hypertension, and abnormal lipid
profiles.® Other studies suggest that testosterone therapy has
no effect or a protective effect on a patient’s CV system. For
example, Traish et al** concluded that testosterone therapy
improves metabolic syndrome components. Testosterone
therapy reduced total cholesterol, low-density lipoprotein
cholesterol, triglycerides, and increased high-density lipo-
protein cholesterol, as well as reduced blood pressure and
hemoglobin A, (HbA ). Moreover, Baillargeon et al* con-
cluded that testosterone therapy was not associated with an
increased risk of MI. Testosterone therapy appeared to induce
a protective effect against M1 for men at highest risk for MI.
The current body of literature suggests that the association
between testosterone therapy and CV risk or benefit remains
inconclusive and requires further investigation.®’

Another factor to consider with regard to safety of TRT
is the potential for TRT to elevate estrogens, specifically
estradiol (E2). During testosterone replacement, E2 may
increase and, in some cases, exceed the upper limit of normal,
which may contribute to the development of nipple or breast
tenderness or frank gynecomastia.®® However, increases in
E2 above the normal range are uncommon and may resolve
over time with prolonged TRT.®®

Although the safety profiles of available testosterone
therapies — particularly with regard to CV risk — are still
being defined, the known limitations that exist among
these therapies, such as the risk of secondary exposure,
inconvenient or painful administration, and fluctuations
in testosterone serum levels, underscore a need for new
options. New therapies should restore testosterone levels
safely, with minimal variability, and they should be easy to
administer. The future of TRT appears promising, with the
expansion of new delivery systems and routes of administra-
tion, including a novel and convenient subcutaneous option.
These options will further enhance the ability of the clinician
to determine the needs of each patient and recommend the
most appropriate therapy.
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