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Introduction

The male gonadal gland produces sex steroids and sperms under the regulation of
a complex network including intratesticular factors and extra-testicular trophic
hormones. The pituitary gland regulates gonadal activity, through the secretion of
luteinizing hormone (LH), which mainly regulates testosterone (T) production in
Leydig cells (micromoles/day), and follicular stimulating hormone (FSH), which
mainly controls sperm production in seminiferous tubules (millions/day) [1, 2].
The production and secretion of gonadotropins by the pituitary gland are stimu-
lated by the gonadotropin-releasing hormone (GnRH) produced by the hypothala-
mus and inhibited by a negative feedback mediated by the central action of sex
steroids and inhibin B [1, 2]. Male hypogonadism (HG) is a clinical condition due
to a partial or total communication breakdown of the hypothalamus-pituitary-testis
(HPT) axis. Hence, HG is a condition characterized by the impairment of testicular
production of both sex steroids and sperms. The term, however, is rarely used to
identify abnormalities in sperm production, while it is often applied to describe T
deficiency [3].

Based on a pathogenetic classification, HG can be considered as primary (pHG)
when caused by any diseases affecting the testes, and as secondary (sHG) when
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due to a pituitary or hypothalamic dysfunction. In the former condition, both sex
steroids and sperms are impaired despite a super-stimulation of the pituitary
(hypergonadotropic hypogonadism), whereas in sHG the testis is normal, but inad-
equately stimulated by gonadotropins (hypogonadotropic hypogonadism). In addi-
tion, another condition, known as compensated hypogonadism (normal T serum
levels and elevated LH), has also been described, although its clinical significance
is still debated [4, 5].

The aforementioned classification of HG, based on its etiology, presents a practi-
cal utility for didactic and treatment purposes. In fact, patients with sHG can be
successfully treated by removing the precipitating cause (for example: prolacti-
noma) and/or by appropriate endocrine therapy (i.e., gonadotropins or GnRH if
fertility is an issue or T for virilization, if fertility is not desired). Conversely, only
T treatment can be offered to patients with pHG [1, 2]. However, it is important to
recognize that the phenotype of the hypogonadal patient is more often affected by
the age of hypogonadism onset regardless of the site of origin. If the problem occurs
very early on in fetal life, symptoms can be dramatic, spanning from an almost
complete female phenotype to various defects in virilization. When the problem
manifests during pre- or peripubertal age, symptoms and signs are milder including
a delay in the onset of puberty with an overall eunuchoidal phenotype [6, 7]. Finally,
when hypogonadism develops after puberty and especially with aging (adult-onset
or late-onset hypogonadism, LOH), symptoms will be relatively mild, insidious and
difficult to recognize. The European Male Aging Study (EMAS), a population-
based survey performed on more than 3400 men recruited from eight European
centers, clearly showed that sexual symptoms—particularly erectile dysfunction
(ED) and decreased frequency of sexual thoughts and morning erections—are the
most sensitive and specific symptoms in identifying adulthood patients with low T
[8]. Similar results were recently reported by us in a large cohort (n = 4890) of sub-
jects consulting for ED [9]. In contrast, psychological and physical symptoms were
less informative [8].

Finally, more recently the concept of organic versus functional HG has been
introduced [10]. The former is an irreversible condition due to congenital or acquired
perturbation to the HPT axis [10]. Conversely, functional HG is a potentially revers-
ible condition characterized by “no recognizable structural intrinsic HPT axis prob-
lems,” frequently associated with an age-dependent accumulation of morbidities
impairing the HPT axis function [10]. In particular, metabolic disturbances such as
type 2 diabetes mellitus (T2DM), obesity, and metabolic syndrome (MetS) are the
conditions most frequently associated with functional HG [10-13]. Interestingly,
we recently reported that in a large series (n = 4220) of subjects seeking medical
care at our unit for sexual dysfunctions only a minority of patients satisfied the cri-
teria of organic hypogonadism (15%) whereas the majority, i.e., 85%, were allo-
cated to the functional category. In the latter group, metabolic impairment was
present in 2/3 of the subjects [14].

In the following sections, the criteria defining LOH and the available T formula-
tions along with their outcomes are analyzed in detail.
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Criteria for Starting Testosterone Replacement Therapy (TRT)

Although there is no general agreement among the different andrological societies
on T thresholds for initiating TRT in LOH, the most widely shared consensus is that
TRT may be beneficial when total T is below 8 nmol/L (231 ng/dL) in two different
measurements [15—17]. In addition, there is also general agreement that a total T
level above 12 nmol/L (346 ng/dL) does not require substitution. When T levels are
in the “gray area,” between 8 and 12 nmol/L, TRT should be offered only to symp-
tomatic men [15—17]. As previously reported, sexual symptoms of erectile dysfunc-
tion and decreased mood/libido and/or decreased sexual thoughts are the most
specific indicators for TRT [8, 9].

Available Testosterone Preparations

The first androgenetic steroid, androsterone, was chemically isolated and purified
from urine by Butenandt in 1931. Some years later, in 1935, Karoly Gyula David and
Ernst Laqueur extracted and purified a stronger androgenic steroid from bull testes
and termed it as T. In the same year, Butenandt group in Gottingen and Ruzicka and
Wettstein in Basel simultaneously published the T chemical synthesis [18]. Soon after
its synthesis, it became apparent that T could not be given effectively by oral or par-
enteral route, because of a prompt hepatic metabolism causing only a small portion of
the hormone to reach systemic circulation. Hence, a series of chemical modifications
were introduced to improve T bioavailability and pharmacokinetics, essentially retard-
ing the rate of liver catabolism or enhancing its availability. The first T ester intro-
duced on the market was a very-short-acting formulation (T propionate) which
requires two to three injections per week to maintain normal T levels (see below [18]).
In 1935, a 17a-methyl-T was also synthesized for oral use. However, now it is clear
that this compound along with all other T-methyl derivatives is associated with an
increased liver toxicity and for these reasons these formulations are no longer recom-
mended for clinical use [18]. Unfortunately, these products are still present on the
black market and abused as anabolic steroids [19]. In the mid-1950s a longer acting T
formulation (T-enanthate) became available and has remained the major T preparation
for more than half a century. In the late 1970s a new orally effective T formulation
based on esterification of T ring in position 17f with undecanoic acid (oral T undecano-
ate, TU) was introduced on the market. This chemical modification allows absorption
via lymphatic system avoiding the first-pass effect in the liver [18]. In the mid-1990s,
transdermal scrotal and non-scrotal T patches became available and in 2000 the more
manageable transdermal T preparations (T gels) were approved for the treatment of
male hypogonadism, first in the USA and later on also in other countries. In 2004, the
injectable long-acting TU entered the market allowing a dosing regimen of 1000 mg
every 12 weeks following a 6-week loading dose [18].

The specific characteristics of all the aforementioned T preparations are ana-
lyzed in detail (Table 8.1).
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Table 8.1 Testosterone preparations

Formulation Trade names ‘ Chemical structure T1/2 ‘ Standard dosage
Oral

Testosterone Andriol® 17-a-Hydroxyl-ester 4h 120-240 mg 2-3
undecanoate Andriol times daily

Testocaps®
Mesterolone Proviron® la-Methyl-4,50a- NA 50-100 mg 2-3 times

dihydrotestosterone daily
Parental

Testosterone Testoviron Depot® | 17-a-Hydroxyl-ester 4-5 days | 250 mg every
enanthate Delatestryl® 2-3 weeks

Testoenant®
Testosterone Delatestryl® 17-a-Hydroxyl-ester 8 days 200 mg every
cypionate 2-3 weeks
Testosterone Testovis® 17-a-Hydroxyl-ester 20h 100 mg every 2 days
propionate
Testosterone Nebido® 17-a-Hydroxyl-ester 34 days | 1000 mg every
undecanoate in 10-14 weeks
castor oil Aveed®(USA)? 750 mg every

10 weeks*

Surgical implants Testopel® Native testosterone - 4-6200 mg implants

Testoimplant® lasting up to 6 months

Transdermal

Testosterone patches | Not scrotal: Native testosterone 10h 50-100 mg/day

Androderm®

Andropatch®

Testopatch®
Testosterone gel 1% Gel: Native testosterone 6h 50-100 mg/day
1-2% Androgel®

Testogel®

Testim®

2% Gel:

Testostop®

Tostrex® (also

known as

Fortesta®,

Tostran®, and

Itnogen® available

only in Europe)

1.6% Gel

Androgel

(available only in

the USA)
Dihydrotestosterone | Andractim® Sa-Dihydrotestosterone 5or 10 g/day
gel 2.5%
Underarm testos- Axiron® Native testosterone NA 60—120 mg/day
terone (testosterone
solution 2%)

Transmucosal

Buccal testosterone | Striant® Native testosterone 12h 30 mg/twice daily
Intranasal Natesto® Native testosterone NA 11 mg 2-3 times daily
testosterone

“Available only in the USA
"Available only in the USA and Canada

NA not available
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Oral Testosterone Preparations

Testosterone Undecanoate

As reported above, T undecanoate (TU) is a long-chain fatty acid ester of T, absorbed
by the intestines into lymphatic system lacteals, therefore bypassing the liver and
enabling T delivery into the systemic circulation. The recommended dosage is one
or two 40 mg caps twice or thrice daily during meals (Table 8.1). However, it is
important to recognize that this formulation is characterized by an unpredictable
absorption depending on the dietary fat content of food intake limiting its clinical
use [15-17, 20].

Mesterolone

Mesterolone is a 1o methyl derivative of Sa-dihydrotestosterone (DHT). This chem-
ical modification allows resistance to hepatic metabolism. Mesterolone is prescribed
at a daily dose of 50-100 mg and should be taken in two to three spaced dosages
[15-17, 20] (Table 8.1). However, as DHT, mesterolone cannot be converted to
estrogen strongly limiting its attractiveness.

Injectable Testosterone Preparations

Subdermal Implantation of T Pellets

The subdermal implantation of T pellets was introduced on the market in the first
half of the last century. This formulation is still available for clinical use only in few
countries, such as the USA, the UK, and Australia. The pellets consist of pure crys-
tals of T compressed into short rods, which are implanted under local anesthesia
into the subdermal fat layer of the skin. Recommended dosage includes two to six
pellets (150-450 mg) subcutaneously every 3—6 months (Table 8.1) [15-17, 20].
This formulation is still the T preparation with the longest duration of action; how-
ever, the procedure is invasive and may be unattractive to patients.

Intramuscular Injectable Preparations
According to their half-lives these formulations can be classified into short-, mid-,
and long-lasting preparations (Table 8.1) [15-17, 20].

T propionate is a short-acting T formulation requiring the administration of two
to three fractionated doses weekly (usually 50 mg every 2-3 days) which limits its
attractiveness, although it is still present on the market worldwide (Table 8.1) [15—
17, 20]. In addition, the use of this preparation determines a wide fluctuation of
circulating T levels often reaching supraphysiologic levels after 24 h, followed by a
gradual decline to hypogonadal levels before the following administration [15-17,
20]. This phenomenon can be recognized as unpleasant by the patients who com-
plain of variations in well-being and also increasing the risk of erythrocytosis [21].

The longer aliphatic chain in 17f-position allows T cypionate and enanthate to
have a longer half-life requiring it to be injected every 2-4 weeks at a dose of
200-250 mg (Table 8.1) [15-17, 20]. However, the two compounds present similar
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limitations as previously described for T propionate including wide plasma fluctua-
tion and higher risk of erythrocytosis.

In 2004, a new, long-lasting injectable formulation of T undecanoate (TU) was
introduced [15-17, 20]. In the majority of countries, this preparation is available as
a depot of 1000 mg in 4 mL requiring it to be administered every 12 weeks follow-
ing a booster 6-week loading dose. In the USA, a 3 mL ampoule containing 750 mg
is available. The latter formulation is recommended to be injected once at initiation
of therapy, at 4 weeks, and then every 10 weeks thereafter [15-17, 20]. A recent
meta-analysis of all available evidence documented that this preparation shows a
very good safety and benefit profile [22].

Transdermal Testosterone Preparations

Testosterone Gels

Transdermal T gels are available at different concentrations (1%, 1.62%, and 2%)
and nowadays represent the most popular T formulations for the treatment of LOH
along with long-acting TU (Table 8.1) [15-17, 20]. The applied gel is quickly
absorbed by the skin that forms a sort of reservoir for continuous delivery to the
systemic circulation. Only about 8—14% of the applied gel is usually transdermally
absorbed. Considering the T production rate of 5-8 mg/day the recommended dos-
age of T gels is 50-100 mg daily. Local side effects such as skin irritation and ery-
thema are seldom observed. However, the most important side effect related to the
use of T gels is the possibility to transfer some amount of T to others during contact
with the skin’s surface. In order to overcome this possibility, newer T gel formula-
tions at higher concentrations (1.62-2%) have been developed [15-17]. Similar
effects can be obtained using the alcohol-based T (2%) solution which requires a
daily underarm application [15-17, 20]. Unfortunately, this formulation is available
only in a limited number of countries.

Testosterone Patches

Self-adherent skin patches were the first T transdermal formulation introduced on
the market, firstly using scrotal systems and, later on, through non-scrotal ones
(Table 8.1) [15-17, 20]. These formulations, however, are frequently associated
with adverse skin reactions at the application site limiting their use [15-17, 20].

DHT Gels

In some European countries, DHT is available as a hydroalcoholic 2.5% gel requir-
ing a dosage of 5 or 10 g/day (Table 8.1) [15-17, 20]. The gel is rapidly absorbed by
the skin reaching a steady state in 2-3 days. However, similar to what was reported
for mesterolone, this preparation cannot be aromatized and works as a partial andro-
gen. Hence, this formulation can be used only for limited periods in particular con-
ditions, such as gynecomastia and microphallus [23-25].
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Transmucosal Testosterone Preparations

Transbuccal Testosterone Preparations

A T transbuccal formulation is available in several countries. This administration
allows avoiding intestinal pass and liver inactivation providing the absorption of T
through the oral mucosa (Table 8.1) [15-17, 20]. The system adheres to the gum or
inner cheek gradually releasing medication. However, this formulation does not dis-
solve completely and requires removal after 12 h. This formulation is able to restore
physiological T levels with minimal or transient local problems, including gum
edema, blistering, and gingivitis [15-17, 20].

Transnasal Testosterone Preparations

A gel containing 5.5 mg of T in 122.5 mg for intranasal administration has been
developed and available in some countries, including the USA and Canada
(Table 8.1) [15-17, 20]. The recommended dosage is 11 mg of T administered intra-
nasally three times daily (Table 8.1) [1-3, 5, 26]. The nasal gel is available as a
metered-dose pump containing 11 g of gel dispensed as 60 metered pump actua-
tions. The application is rapid, noninvasive, and convenient, and avoids secondary
transference.

Testosterone Preparation Outcomes
Sexual Function

From 2005 to today, six systematic meta-analyses evaluating the effect of TRT
versus placebo on sexual function have been published [26-31]. By considering
all the studies reporting outcome data as effect size [29-31] and limiting the anal-
ysis only to hypogonadal patients, TRT was associated with an improvement of all
sexual parameters evaluated (Table 8.2) [32]. Conversely, no effect was observed
when eugonadal patients were considered (Table 8.2). According to Cohen [33], a
small treatment-effect size is considered to be about 0.2, a medium effect size to
be about 0.5, and a large effect size to be about 0.8. Only our study reported data
categorized according to the T preparation used [29]. Interestingly, when the data
on erectile function and libido outcomes were considered and studies enrolling
only eugonadal patients were excluded, oral preparations did not show a positive
effect, when compared to placebo, on erectile function whereas only a small effect
on libido was detected (Table 8.2) [32]. Conversely, no difference in the positive
efficacy of both transdermal and parental testosterone preparations was docu-
mented (Table 8.2) [32]. Finally, no sufficient data were available to evaluate pos-
sible differences among specific transdermal and parenteral preparations (not
shown).
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Table 8.2 Standardized mean [95% ClI] for different sexual function parameters as derived from
available meta-analyses

Meta-analyses

considered Overall
Erectile Libido Orgasmic Sexual
function function satisfaction
Isidori et al. [31] 1.87[0.31;3.43] | 1.60 - 1.16 [0.04;2.29]
[0.29;2.92]
Bolona et al. [30] 0.80 1.31[0.4;2.22] |- -
[—0.10;1.60]
Corona et al. [29] 1.21 [0.65;1.78] | 0.95 0.74 [0.35;1.21] | 0.86 [0.40;1.32]
[0.41;1.50]

Data according to testosterone formulations (Corona et al. [29])

Erectile function

Libido

Oral 1.77 [-0.19;3.73] 1.41[0.14;2.68]
Transdermal 0.31 [0.04;0.59] 0.3210.14;0.51]
Injectable 0.46 [0.18;0.74] 0.81[0.31;1.32]

Body Composition and Glycometabolic Control

Much evidence has documented a possible association between low T and meta-
bolic impairment [34-36]. Since 2005, four systematic meta-analyses have evalu-
ated the effect of TRT on different parameters related to body composition and
glycometabolic profile [37-40]. The meta-analyses differed in body composition
and metabolic outcomes considered [37-40]. By comparing all the available data
and when only hypogonadal patients were considered, TRT caused similar modifi-
cations in fat mass and lean mass without any changes in BMI (Table 8.3) [32].
Similar results were observed when fasting glycemia was considered (Table 8.3)
[32]. Conversely, more conflicting results were detected when lipid profile was
analyzed (Table 8.3) [32]. Finally, when body composition and metabolic profile
outcomes were evaluated according to the use of the different T preparations, oral
preparations did not show a positive effect on lean mass and glycometabolic profile
whereas no difference in the positive efficacy of both transdermal and parental
testosterone preparations on the other outcomes considered was documented
(Table 8.3) [32].

Osteoporosis

The specific role of T in the regulation of bone health and its contribution to the
development of male osteoporosis are conflicting [41]. Only two independent meta-
analyses evaluated the effect of TRT versus placebo in RCTs [37, 42]. Both studies
reported a positive effect of TRT on bone mineral density at lumber site but the
effect was not documented at the femoral site [37, 42]. However, insufficient data
are available to evaluate the contribution of TRT on the risk of bone fractures [41].
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Mood and Cognition

Much evidence suggests a possible relationship between depressive symptoms and
LOH; however, the relationship between low T levels and incidence of clinical
depression and the effect of TRT on depressive symptoms are still unclear [43].
Similar considerations can be drawn for the relationship between reduced levels of
T and age-dependent cognition deterioration or the risk of developing Alzheimer’s
disease [44, 45].

Potential Side Effects
Cardiovascular Risk

CV risk is still a hot topic regarding TRT safety. Interestingly, the major problems
related to this issue come from limited evidence including one RCT [46], two retro-
spective pharmaco-epidemiological papers [47, 48], and one meta-analysis [49]
published between 2013 and 2014. All these studies present important methodologi-
cal limitations, which have been discussed elsewhere [50-53]. In addition, it is
important to recognize that the largest observational study published so far, includ-
ing almost 45,000 male patients, showed a protective effect and not an increased
risk related to TRT after a median follow-up of 3.4 years [54]. In addition, besides
the Xu et al.’s [49] meta-analysis, seven other meta-analyses [38, 39, 55-59] pub-
lished either before or after Xu et al. [49] did not support an increased CV risk
related to TRT either when aggregated or disaggregate CV events were evaluated.
Similar consideration can be drawn when venous thromboembolism risk was con-
sidered [60].

Prostate Safety

Among the scientific and nonscientific community, prostate cancer (PC) or a pos-
sible exacerbation of symptoms due to benign prostatic hyperplasia (BPH) has been
considered the worst complication of TRT for a long time. However, data published
in the two last decades has substantially modified this position [61-63]. Accordingly,
the available meta-analyses [39, 55, 64—68] showed that TRT is associated with a
short-term (<12 months) increase in PSA levels, which has not been confirmed in
longer trials. Conversely, no risk of prostate cancer or BPH symptoms has been
documented [39, 55, 64—66]. Accordingly, almost 10 years ago, Morgentaler and
Traish speculated that (“saturation hypothesis™) in a physiological condition, the
human prostate androgen receptors are “saturated” by the circulating androgens and
therefore rather insensitive to further T increase [69]. This hypothesis was later on
confirmed in both preclinical [62] and clinical studies [70-72].
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Erythrocytosis

Erythrocytosis is the most common side effect related to TRT [21]. Several mecha-
nisms could be underlying this phenomenon. First of all, T plays a direct action in
stimulating endogenous erythropoietin (EPO) secretion and bone marrow erythroid
progenitor cells [21]. In addition, more recent evidence suggests that T can be
involved in the regulation of hepcidin metabolism resulting in an increased iron
absorption, increased systemic iron transport, and erythropoiesis [21]. Finally, a
possible role of T metabolites such as estradiol or dihydrotestosterone, as well as the
contribution of genetic factors (androgen receptor CAG repeats), has also been con-
sidered [21]. However, it is important to recognize that several uncontrolled studies
have documented that the risk of polycythemia related to TRT is higher in subjects
treated with short-acting T formulations [21]. Conversely, the use of transdermal T
preparations or long-acting injectable TU is associated with lower risk [21].

Conclusion

In conclusion, the treatment of hypogonadal subjects requires adequate prepara-
tion and skill. Available evidence has documented that TRT in hypogonadal sub-
jects is able to improve sexual function and ameliorate body composition. When
prescribed according to current guidelines no CV risk or risk of prostate health
has been reported. Older injectable preparations are associated with a higher risk
of polycythemia.

References

1. Corona G, Rastrelli G, Vignozzi L, Maggi M. Emerging medication for the treatment of male
hypogonadism. Expert Opin Emerg Drugs. 2012;17:239-59.

2. Corona G, Rastrelli G, Vignozzi L, Mannucci E, Maggi M. How to recognize late-onset hypo-
gonadism in men with sexual dysfunction. Asian J Androl. 2012;14:251-9.

3. Lenzi A, Balercia G, Bellastella A, Colao A, Fabbri A, Foresta C, Galdiero M, Gandini L,
Krausz C, Lombardi G, Lombardo F, Maggi M, Radicioni A, Selice R, Sinisi AA, Forti
G. Epidemiology, diagnosis, and treatment of male hypogonadotropic hypogonadism. J
Endocrinol Investig. 2009;32:934-8.

4. Corona G, Maseroli E, Rastrelli G, Sforza A, Forti G, Mannucci E, Maggi M. Characteristics of
compensated hypogonadism in patients with sexual dysfunction. J Sex Med. 2014;11:1823-34.

5. Giannetta E, Gianfrilli D, Barbagallo F, Isidori AM, Lenzi A. Subclinical male hypogonadism.
Best Pract Res Clin Endocrinol Metab. 2012;26:539-50.

6. Corona G, Rastrelli G, Maggi M. Diagnosis and treatment of late-onset hypogonadism: sys-
tematic review and meta-analysis of TRT outcomes. Best Pract Res Clin Endocrinol Metab.
2013;27:557-79.

7. Corona G, Rastrelli G, Maggi M. The pharmacotherapy of male hypogonadism besides andro-
gens. Expert Opin Pharmacother. 2015;6:369-87.

8. Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, O'Neill TW, Bartfai G, Casanueva
FF, Forti G, Giwercman A, Han TS, Kula K, Lean ME, Pendleton N, Punab M, Boonen S,
Vanderschueren D, Labrie F, Huhtaniemi IT. Identification of late-onset hypogonadism in
middle-aged and elderly men. N Engl J Med. 2010;363:123-35.



90

G. Rastrelli et al.

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Rastrelli G, Corona G, Tarocchi M, Mannucci M, Maggi M. How to define hypogonadism?

Results from a population of men consulting for sexual dysfunction. J Endocrinol Investig.
2016;39:473-84.

Grossmann M, Matsumoto AM. A perspective on middle-aged and older men with functional
hypogonadism: focus on holistic management. J Clin Endocrinol Metab. 2017;102:1067-75.
Corona G, Maseroli E, Rastrelli G, Francomano D, Aversa A, Hackett GI, Ferri S, Sforza A,
Maggi M. Is late-onset hypogonadotropic hypogonadism a specific age-dependent disease,
or merely an epiphenomenon caused by accumulating disease-burden? Minerva Endocrinol.
2016;41:196-210.

Corona G, Bianchini S, Sforza A, Vignozzi L, Maggi M. Hypogonadism as a possible link
between metabolic diseases and erectile dysfunction in aging men. Hormones (Athens).
2015;14:569-78.

. Corona G, Vignozzi L, Sforza A, Mannucci E, Maggi M. Obesity and late-onset hypogonad-

ism. Mol Cell Endocrinol. 2015;418:120-33.

Corona G, Maggi M. Perspective: regulatory agencies’ changes to testosterone product label-
ing. J Sex Med. 2015;12:1690-3.

Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ, Gooren LJ, Kaufman JM,
Legros JJ, Lunenfeld B, Morales A, Morley JE, Schulman C, Thompson IM, Weidner W,
Wu FC. Investigation, treatment and monitoring of late-onset hypogonadism in males. Int J
Androl. 2009;32:1-10.

Khera M, Adaikan G, Buvat J, Carrier S, El-Meliegy A, Hatzimouratidis K, McCullough A,
Morgentaler A, Torres LO, Salonia A. Diagnosis and treatment of testosterone deficiency: rec-
ommendations from the fourth International Consultation for Sexual Medicine (ICSM 2015).
J Sex Med. 2016;13:1787-804.

Lunenfeld B, Mskhalaya G, Zitzmann M, Arver S, Kalinchenko S, Tishova Y, Morgentaler
A. Recommendations on the diagnosis, treatment and monitoring of hypogonadism in men.
Aging Male. 2015;18:5-15.

Nieschlag E, Nieschlag S. Testosterone deficiency: a historical perspective. Asian J Androl.
2014;16:161-8.

Nieschlag E, Vorona E. Mechanisms in endocrinology: medical consequences of dop-
ing with anabolic androgenic steroids: effects on reproductive functions. Eur J Endocrinol.
2015;173:R47-58.

Nieschlag E. Current topics in testosterone replacement of hypogonadal men. Best Pract Res
Clin Endocrinol Metab. 2015;29:77-90.

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

Corona G, Maseroli E, Maggi M. Injectable testosterone undecanoate for the treatment of
hypogonadism. Expert Opin Pharmacother. 2014;15:1903-26.

Wang C, Swerdloff RS. Should the nonaromatizable androgen dihydrotestosterone be con-
sidered as an alternative to testosterone in the treatment of the andropause? J Clin Endocrinol
Metab. 2002;87:1462—-6.

Swerdloff RS, Wang C. Dihydrotestosterone: a rationale for its use as a non-aromatizable
androgen replacement therapeutic agent. Bailliere Clin Endocrinol Metab. 1998;12:501-6.
Choi SK, Han SW, Kim DH, et al. Transdermal dihydrotestosterone therapy and its effects on
patients with microphallus. J Urol. 1993;150:657—-60.

Jain P, Rademaker AW, McVary KT. Testosterone supplementation for erectile dysfunction:
results of a meta-analysis. J Urol. 2000;164:371-5.

Corona G, Rastrelli G, Morgentaler A, Sforza A, Mannucci E, Maggi M. Meta-analysis of
results of testosterone therapy on sexual function based on international index of erectile func-
tion scores. Eur Urol. 2017;72:1000-11.

Tsertsvadze A, Fink HA, Yazdi F, MacDonald R, Bella AJ, Ansari MT, Garritty C, Soares-
Weiser K, Daniel R, Sampson M, Fox S, Moher D, Wilt TJ. Oral phosphodiesterase-5 inhibi-
tors and hormonal treatments for erectile dysfunction: a systematic review and meta-analysis.
Ann Intern Med. 2009;151:650-61.



Testosterone Replacement Therapy 91

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Corona G, Isidori AM, Buvat J, Aversa A, Rastrelli G, Hackett G, Rochira V, Sforza A, Lenzi
A, Mannucci E, Maggi M. Testosterone supplementation and sexual function: a meta-analysis
study. J Sex Med. 2014;11:1577-92.

Boloiia ER, Uraga MV, Haddad RM, Tracz MJ, Sideras K, Kennedy CC, Caples SM, Erwin
PJ, Montori VM. Testosterone use in men with sexual dysfunction: a systematic review and
meta-analysis of randomized placebo-controlled trials. Mayo Clin Proc. 2007;82:20-8.
Isidori AM, Giannetta E, Gianfrilli D, Greco EA, Bonifacio V, Aversa A, Isidori A, Fabbri A,
Lenzi A. Effects of testosterone on sexual function in men: results of a meta-analysis. Clin
Endocrinol. 2005;63:381-94.

Rastrelli G, Maggi M, Corona G. Pharmacological management of late onset hypogonadism.
Expert Rev Clin Pharmacol. 2018;11:439-58.

Cohen J. Statistical power analysis for the behavioral sciences. New York: Academic Press;
1977.

Corona G, Rastrelli G, Filippi S, Vignozzi L, Mannucci E, Maggi M. Erectile dysfunction and
central obesity: an Italian perspective. Asian J Androl. 2014;16:581-9.

Corona G, Giagulli VA, Maseroli E, Vignozzi L, Aversa A, Zitzmann M, Saad F, Mannucci E,
Maggi M. Testosterone supplementation and body composition: results from a meta-analysis
of observational studies. J Endocrinol Investig. 2016;39:967-81.

Kelly DM, Jones TH. Testosterone and obesity. Obes Rev. 2015;16:581-606.

Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, Isidori A, Lenzi A, Fabbri
A. Effects of testosterone on body composition, bone metabolism and serum lipid profile in
middle-aged men: a meta-analysis. Clin Endocrinol. 2005;63:280-93.

Haddad RM, Kennedy CC, Caples SM, Tracz MJ, Bolofia ER, Sideras K, Uraga MV, Erwin
PJ, Montori VM. Testosterone and cardiovascular risk in men: a systematic review and meta-
analysis of randomized placebo-controlled trials. Mayo Clin Proc. 2007;82:29-39.
Fernandez-Balsells MM, Murad MH, Lane M, Lampropulos JF, Albuquerque F, Mullan
RJ, Agrwal N, Elamin MB, Gallegos-Orozco JF, Wang AT, Erwin PJ, Bhasin S, Montori
VM. Clinical review 1: adverse effects of testosterone therapy in adult men: a systematic
review and meta-analysis. J Clin Endocrinol Metab. 2010;95:2560-75.

Corona G, Giagulli VA, Maseroli E, Vignozzi L, Aversa A, Zitzmann M, Saad F, Mannucci E,
Maggi M. Therapy of endocrine disease: testosterone supplementation and body composition:
results from a meta-analysis study. Eur J Endocrinol. 2016;174:R99-116.

Golds G, Houdek D, Arnason T. Male hypogonadism and osteoporosis: the effects, clini-
cal consequences, and treatment of testosterone deficiency in bone health. Int J Endocrinol.
2017;2017:4602129. https://doi.org/10.1155/2017/4602129. Epub 2017 Mar 16

Tracz MJ, Sideras K, Bolona ER, Haddad RM, Kennedy CC, Uraga MV, et al. Testosterone use
in men and its effects on bone health. A systematic review and meta-analysis of randomized
placebo-controlled trials. J Clin Endocrinol Metab. 2006;91:2011-6.

Smith JB, Rosen J, Colbert A. Low serum testosterone in outpatient psychiatry clinics:
addressing challenges to the screening and treatment of hypogonadism. Sex Med Rev.
2018;6:69-76.

Lv W, DuN, LiuY, Fan X, Wang Y, Jia X, Hou X, Wang B. Low testosterone level and risk of
Alzheimer’s disease in the elderly men: a systematic review and meta-analysis. Mol Neurobiol.
2016;53:2679-84.

Wahjoepramono EJ, Asih PR, Aniwiyanti V, Taddei K, Dhaliwal SS, Fuller SJ, Foster J,
Carruthers M, Verdile G, Sohrabi HR, Martins RN. The effects of testosterone supplementa-
tion on cognitive functioning in older men. CNS Neurol Disord Drug Targets. 2016;15:337-43.
Basaria S, Coviello AD, Travison TG, Storer TW, Farwell WR, Jette AM, Eder R, Tennstedt
S, Ulloor J, Zhang A, Choong K, Lakshman KM, Mazer NA, Miciek R, Krasnoff J, Elmi A,
Knapp PE, Brooks B, Appleman E, Aggarwal S, Bhasin G, Hede-Brierley L, Bhatia A, Collins
L, LeBrasseur N, Fiore LD, Bhasin S. Adverse events associated with testosterone administra-
tion. N Engl J Med. 2010;363:109-22.

Vigen R, O’Donnell CI, Barén AE, Grunwald GK, Maddox TM, Bradley SM, Barqawi A,
Woning G, Wierman ME, Plomondon ME, Rumsfeld JS, Ho PM. Association of testosterone


https://doi.org/10.1155/2017/4602129

92

G. Rastrelli et al.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

therapy with mortality, myocardial infarction, and stroke in men with low testosterone levels.
JAMA. 2013;310:1829-36.

Finkle WD, Greenland S, Ridgeway GK, Adams JL, Frasco MA, Cook MB, Fraumeni JF Jr,
Hoover RN. Increased risk of non-fatal myocardial infarction following testosterone therapy
prescription in men. PLoS One. 2014;9:e85805.

Xu L, Freeman G, Cowling BJ, Schooling CM. Testosterone therapy and cardiovascular events
among men: a systematic review and meta-analysis of placebo-controlled randomized trials.
BMC Med. 2013;11:108.

Isidori AM, Balercia G, Calogero AE, Corona G, Ferlin A, Francavilla S, Santi D, Maggi
M. Outcomes of androgen replacement therapy in adult male hypogonadism: recommenda-
tions from the Italian society of endocrinology. J Endocrinol Investig. 2015;38:103—-12.
Corona G, Sforza A, Maggi M. Testosterone replacement therapy: long-term safety and effi-
cacy. World J Mens Health. 2017;35:65-76.

Corona G, Vignozzi L, Sforza A, Maggi M. Risks and benefits of late onset hypogonadism
treatment: an expert opinion. World J Mens Health. 2013;31:103-25.

Elagizi A, Kohler TS, Lavie CJ. Testosterone and cardiovascular health. Mayo Clin Proc.
2018;93:83-100.

Sharma R, Oni OA, Gupta K, Chen G, Sharma M, Dawn B, Sharma R, Parashara D, Savin
VIJ, Ambrose JA, Barua RS. Normalization of testosterone level is associated with reduced
incidence of myocardial infarction and mortality in men. Eur Heart J. 2015;36:2706-15.
Calof OM, Singh AB, Lee ML, Kenny AM, Urban RJ, Tenover JL, Bhasin S. Adverse events
associated with testosterone replacement in middle-aged and older men: a meta-analysis of
randomized, placebo-controlled trials. J Gerontol A Biol Sci Med Sci. 2005;60:1451-7.
Corona G, Maseroli E, Rastrelli G, Isidori AM, Sforza A, Mannucci E, Maggi M. Cardiovascular
risk associated with testosterone boosting medications: a systematic review and meta-analysis.
Expert Opin Drug Saf. 2014;13:1327-51.

Borst SE, Shuster JJ, Zou B, Ye F, Jia H, Wokhlu A, Yarrow JF. Cardiovascular risks and
elevation of serum DHT vary by route of testosterone administration: a systematic review and
meta-analysis. BMC Med. 2014;12:211.

Albert SG, Morley JE. Testosterone therapy, association with age, initiation and mode of ther-
apy with cardiovascular events: a systematic review. Clin Endocrinol (Oxf). 2016;85:436—43.
Alexander GC, Iyer G, Lucas E, Lin D, Singh S. Cardiovascular risks of exogenous testoster-
one use among men: a systematic review and meta-analysis. Am J Med. 2017;130:293-305.
Corona G, Dicuio M, Rastrelli G, Maseroli E, Lotti F, Sforza A, Maggi M. Testosterone treat-
ment and cardiovascular and venous thromboembolism risk: what is ‘new’? J Investig Med.
2017:65:964-73.

Corona G, Gacci M, Baldi E, Mancina R, Forti G, Maggi M. Androgen deprivation therapy in
prostate cancer: focusing on sexual side effects. J Sex Med. 2012;9(3):887-902.

Corona G, Baldi E, Maggi M. Androgen regulation of prostate cancer: where are we now? J
Endocrinol Investig. 2011;34:232-43.

Lopez DS, Advani S, Tsilidis KK, Wang R, Canfield S. Endogenous and exogenous testosterone
and prostate cancer: decreased-, increased- or null-risk? Transl Androl Urol. 2017;6:566—79.
CuiY, Zhang Y. The effect of androgen-replacement therapy on prostate growth: a systematic
review and meta-analysis. Eur Urol. 2013;64:811-22.

Cui Y, Zong H, Yan H, Zhang Y. The effect of testosterone replacement therapy on prostate
cancer: a systematic review and meta-analysis. Prostate Cancer Prostatic Dis. 2014;17:132-43.
Guo C, Gu W, Liu M, Peng BO, Yao X, Yang B, Zheng J. Efficacy and safety of testosterone
replacement therapy in men with hypogonadism: a meta-analysis study of placebo-controlled
trials. Exp Ther Med. 2016;11:853-63.

Kang DY, Li HJ. The effect of testosterone replacement therapy on prostate-specific antigen
(PSA) levels in men being treated for hypogonadism: a systematic review and meta-analysis.
Medicine (Baltimore). 2015;94:e410.



Testosterone Replacement Therapy 93

68.

69.

70.

71.

72.

Boyle P, Koechlin A, Bota M, d'Onofrio A, Zaridze DG, Perrin P, Fitzpatrick J, Burnett
AL, Boniol M. Endogenous and exogenous testosterone and the risk of prostate cancer and
increased prostate-specific antigen (PSA) level: a meta-analysis. BJU Int. 2016;118:731-41.
Morgentaler A, Traish AM. Shifting the paradigm of testosterone and prostate cancer: the
saturation model and the limits of androgen-dependent growth. Eur Urol. 2009;55:310-20.
Rastrelli G, Corona G, Vignozzi L, Maseroli E, Silverii A, Monami M, Mannucci E, Forti G,
Maggi M. Serum PSA as a predictor of testosterone deficiency. J Sex Med. 2013;10:2518-28.
Corona G, Boddi V, Lotti F, Gacci M, Carini M, De Vita G, Sforza A, Forti G, Mannucci E,
Maggi M. The relationship of testosterone to prostate-specific antigen in men with sexual
dysfunction. J Sex Med. 2010;7(1 Pt 1):284-92.

Gacci M, Corona G, Apolone G, Lanciotti M, Tosi N, Giancane S, Masieri L, Serni S, Maggi
M, Carini M. Influence of serum testosterone on urinary continence and sexual activity in
patients undergoing radical prostatectomy for clinically localized prostate cancer. Prostate
Cancer Prostatic Dis. 2010;13:168-72.



	8: Testosterone Replacement Therapy
	Introduction
	Criteria for Starting Testosterone Replacement Therapy (TRT)
	Available Testosterone Preparations
	Oral Testosterone Preparations
	Testosterone Undecanoate
	Mesterolone

	Injectable Testosterone Preparations
	Subdermal Implantation of T Pellets
	Intramuscular Injectable Preparations

	Transdermal Testosterone Preparations
	Testosterone Gels
	Testosterone Patches
	DHT Gels

	Transmucosal Testosterone Preparations
	Transbuccal Testosterone Preparations
	Transnasal Testosterone Preparations


	Testosterone Preparation Outcomes
	Sexual Function
	Body Composition and Glycometabolic Control
	Osteoporosis
	Mood and Cognition

	Potential Side Effects
	Cardiovascular Risk
	Prostate Safety
	Erythrocytosis

	References


