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Abstract

Testosterone replacement therapy is an important treatment option for men with low
testosterone and symptomatic hypogonadism. Various formulations of exogenous testosterone
replacement therapy exist, including oral, buccal, intramuscular, transdermal, subdermal, and
nasal preparations. However, exogenous testosterone replacement therapy is a double-edged
sword, posing risks to fertility due to negative feedback mechanisms on the hypothalamic-
pituitary-gonadal (HPG) axis, which is the main regulator of testosterone production and
spermatogenesis in males. Alternative pharmacologic therapies are being used to increase
endogenous testosterone levels while attempting to preserve fertility and function of the HPG
axis. These include selective estrogen receptor modulators, gonadotropins, and aromatase
inhibitors. This review focuses on overviewing and comparing the currently available methods of
exogenous testosterone replacement therapy, alternative treatments to increasing endogenous
testosterone, and novel treatments that are currently under investigation to normalize
testosterone levels while preserving the function of the HPG axis. In conclusion, reports suggest
that, though Testosterone replacement therapy is an important way to restore testosterone
levels and reduce symptoms associated with low testosterone, it is often difficult to decide which
treatment to select for patients with testosterone deficiency. Several factors need to be
considered to decide on optimal therapy option for the patient which include but are not limited
to safety, efficacy, cost-effectiveness, dosing flexibility, and side effects. Alternative approaches
which aim to improve endogenous testosterone production and preserve fertility are promising
but still are at their initial stages of development. Ultimately, patient-centered decision making is
paramount to appropriate treatment selection.

Key words: low testosterone, testosterone replacement therapy, hypothalamic-pituitary-gonadal
axis, male infertility

Essential points:

The manuscript reviews the available methods of exogenous testosterone replacement therapy
which are but not limited to oral, buccal, intramuscular, transdermal, subdermal, and nasal,
respectively.

The manuscript reviews the alternative therapies to increase endogenous testosterone
replacement which includes but not limited to Selective estrogen receptor modulators,
gonadotropins, and Aromatase inhibitors, respectively.

Furthermore, the review highlights Investigational therapies to increase endogenous
testosterone such as Selective androgen receptor modulators and Leydig stem cell
transplantation, respectively.

Moreover, the review compares the core impacts of these therapy options on hormone levels
and modulation of HPG axis.



Introduction

Testosterone, a steroid hormone, is the primary androgen in males and is essential for various
biologic processes, including reproductive and sexual function, metabolism, body composition,
and cognition (1-3). Male hypogonadism, also known as testosterone deficiency (TD), is defined
as having one or more symptoms attributable to low circulating levels of testosterone (serum
total testosterone <300 ng/dL) (1, 4, 5). Symptoms of TD include decreased libido, erectile
dysfunction, decrease in muscle mass and strength, decrease in bone mass, anemia, increase
in central body fat, and impaired memory, mood, concentration, and sleep (6, 7).

TD increases with age, with approximately a 1% annual decrease in free testosterone levels
after age 30 (6, 7). However, the exact prevalence is unclear due to the varying testosterone
level thresholds and non-standardized methodology used in measuring prevalence in
population-based studies (5, 8, 9). The pathophysiology of hypogonadism can be characterized
into two types: primary (hypergonadotropic hypogonadism) and secondary (hypogonadotropic
hypogonadism). Primary hypogonadism is a TD due to a testicular abnormality impairing
testosterone production; for example, Klinefelter syndrome, testicular tumors, infection, trauma,
impaired Leydig cell function, or those caused by certain medications (2). Secondary
hypogonadism is a TD due to a hypothalamic or pituitary abnormality that disrupts stimuli to the
testes essential for testosterone production (i.e., luteinizing hormone (LH) and follicle-
stimulating hormone (FSH)); for example, hypothalamic or pituitary lesions, GnRH deficiency, or
hyperprolactinemia (2). Another important etiology of hypogonadism is late-onset
hypogonadism, an age-related (i.e., >40 years) decline in testosterone accompanied by clinical
symptoms that is often associated with obesity, diabetes, and other chronic health conditions (7,
10-12).

Several treatments are currently available to reestablish testosterone levels and improve TD
symptoms. This review addresses the various forms of exogenous testosterone replacement
therapy along with their individual benefits and risks. It also delves into alternative and
investigational therapies for TD that aim to mitigate the undesired effects of male infertility and
hypothalamic-pituitary-gonadal axis disruption by increasing endogenous testosterone (Table
1).

Available methods of exogenous testosterone replacement therapy

The full spectrum of testosterone action in the body can only be achieved if testosterone is
aromatized to estradiol and 5 alpha-reductase to dihydrotestosterone (DHT) (13). Testosterone
is generally successful when taken orally and is absorbed well in the intestine, but at times it
can be so rapidly metabolized by the liver that it is sometimes ineffective via this route (14). Due
to this, a variety of preparations have been developed including oral, buccal, intramuscular,
transdermal, subdermal, and nasal preparations. This section includes examples of each
preparation and details about their administration, advantages, and disadvantages. These
details are summarized in Table 2.

Oral

Currently, the most commonly available oral preparation is testosterone undecanoate. This
preparation is able to avoid first passing through the liver due to its aliphatic side chain which
allows it to be absorbed by the lymph system and directly enter the circulatory system (13). This
formulation requires more frequent and larger doses in order to effectively replete testosterone
therapy (15). Resent study reported that although oral testosterone undecanoate is a safe and
effective means to treat hypogonadal men, it was related to a small but significant increased



systolic blood pressure (16). While it has shown efficacy, pharmacokinetic analysis has proven
that it is difficult to predict absorption due to high intra- and inter-individual variability in serum
concentrations. Oral Testosterone undecanoate also includes a black box warning regarding
blood pressure increases and risk of cardiac events, which makes its use a major concern for
older men. An additional group of oral agents exist that have been available for decades; these
are 17-alpha alkylated androgens (methyltestosterone and fluoxymesterone). However, many
reports have implicated these oral preparations in cholestatic jaundice, a hepatic cystic disease
called peliosis hepatis, and hepatoma (17, 18). Therefore, they are no longer suggested for use
due to the discovery of extreme liver toxicity and minimal effectiveness in resolving hypogonadal
symptoms.

a black box warning re BP increases

Buccal

Currently, the most commonly available buccal preparation is a buccal tablet (Striant®) which
exists as a potential therapeutic option for patients who can tolerate it. The tablets are
mucoadhesive and are applied to a depression in the gum above the upper incisors, slowly
releasing testosterone into the circulatory system. Twice daily applications of 30 mg tablets
result in stable serum levels of testosterone. The benefits of this method are that the effects can
quickly be reversed and the release of medication mimics circadian rhythms (14, 19). However,
it has also been shown that 3-15% of patients may experience irritation, inflammation, or
gingivitis while also having difficulty from complaints due to the unique method of delivery (20).
These potential side effects should be taken into consideration when opting for this method of
TRT.

Intramuscular

Intramuscular substitution of testosterone has proven to be effective in initiating and maintaining
virilization in all hypogonadal men (14). Current options include long-acting (testosterone
enanthate and testosterone cypionate) and extra-long-acting (testosterone undecanoate)
variants. The long-acting options are esters of testosterone which make the molecule more
lipophilic than the natural variant. This results in their storage and gradual release, thereby
prolonging the presence of testosterone in the blood (21, 22). Administration of long-acting
intramuscular testosterone usually occurs as 50-100mg every week, 100-200 mg every
2 weeks, or 250 mg every 3 weeks and has shown consistent results (14). The advantages of
long-acting options are that they are extremely effective, easily accessible, and cost effective,
and they free patients from daily administration. Conversely, the disadvantages are the need for
patients to be comfortable with deep intramuscular administration of the solution and
fluctuations in energy, mood, and libido in many patients.

An extra-long-acting option exists with testosterone undecanoate in oil, which is also one of the
common oral options. When injected alongside castor oil, a half-life of 34 days is observed (13).
Each dose is 750 mg in 3mL of oil. The recommendations for administration in the United States
are to administer a dose into the buttocks, followed by a second dose 4 weeks later, and then
subsequent doses every 10 weeks. Access to this option is regulated by a restricted program
called the AVEED Risk Evaluation and Mitigation Strategy (REMS) Program and is not
recommended consistently. Although the injectable preparation is generally considered safe,
patients must be monitored for pulmonary oil micro-embolism (POME) (23). Symptoms of
POME, such as sudden onset of non-productive cough associated with faintness following
injections, have been observed in 1.5% of patients (24). Additionally, anaphylactic responses
have been observed in some patients, requiring 30-min post-dose monitoring to rule out this
side effect (14). The advantages of less frequent administration come at the cost of various
systemic side effects that require regular monitoring.



Transdermal

Transdermal preparations are known to provide very stable and effective improvements in
serum T levels due to their pharmacokinetic profile which mimics physiological diurnal
variations. They include preparations that incorporate solutions, gels, and patches. Three
testosterone gels (AndroGel®, Testim®, and Fortesta®), one solution (Axiron®), and one patch
(Androderm®) are available in the United States (14). Transdermal testosterone substitution has
the following advantages: a) since they have a short duration of action, the preparations can be
quickly discontinued if any adverse effect occurs and the testosterone levels will then quickly
decline, and b) they are easy to use and easily accessible to many. Conversely, the
disadvantages include the need for daily administration, relatively high cost, skin irritation, and
the risk of contact transfer to another person (25). The high risk of unintentional transfer led the
FDA to require testosterone gel products to include a Blackbox warning. They have also been
shown to be less effective in obese individuals and require higher doses (14). However, due to
the ease of use, accessibility, and reversibility, these are often a first-line choice for patients
who require testosterone substitution.

Subdermal

Subdermal pellet implants (Testopel®) are a viable option for testosterone replacement and
result in stable testosterone levels. The pellets are implanted into the subdermal fat of the
buttocks, lower abdominal wall, or thigh with a tunneling technique using a local anesthetic (26).
It is recommended that three to six 75mg pellets should be implanted every 4-6 months (150
mg-450 mg) to achieve stable testosterone levels in the normal range (14). The benefits of this
method include guaranteed compliance and lack of transference to persons who may come in
contact with it (14). Adverse effects include pellet extrusion, infection, and fibrosis (27). Due to
the need for a surgical procedure for implantation and the sequela of side effects, this form of
TRT is usually not recommended as first-line treatment (28).

Nasal

A nasal testosterone gel, known as Natesto®, is now available in the United States for treatment
of male hypogonadism. Studies have shown successful treatment with this new method and
have exhibited consistent improvements in testosterone deficiency (29). This gel is administered
in the nostrils via a metered dose pump which delivers 5.5mg per actuation. The recommended
dosage is to administer one actuation in each nostril three times daily, resulting in a daily
dosage of 33 mg/day. This method has shown a reduction in gel transfer to a partner or child
due to the inconspicuous application site, and it provides ease of use as a non-invasive option.
Most importantly, preliminary studies have demonstrated that Natesto® increases serum
testosterone while also maintaining FSH, LH, and semen parameters (30, 31). Natesto can
maintain spermatogenesis in >95% of men, in contrast to injections or gels (32, 33). Also,
significant differences have been observed between duration of action, frequency of
administration and clinical pharmacokinetic profile of Natesto compared to long-acting
testosterone injections, gels and pellets (34, 35). On the other hand, more than 3% of men have
reported experiencing rhinorrhea, epistaxis, nasopharyngitis, sinusitis, and nasal scab as a
result of this medication (14). Unique among the formulations of exogenous TRT, nasal
formulations of testosterone are showing promise in alleviating symptoms of low testosterone
without adversely affecting the hypothalamic-pituitary-gonadal (HPG) axis.

Impact of external testosterone supplementation on the HPG axis

Endogenous testosterone production is stimulated by LH secretion from the pituitary leading to
Leydig cell activation. The testosterone produced by LH stimulation participates in a negative
feedback axis which regulates pituitary LH synthesis. Thus, when exogenous testosterone is



administered, LH is suppressed from the pituitary resulting in decreased endogenous hormone
production and markedly reduced endogenous intratesticular testosterone. The decreased
intratesticular testosterone results in low stimulation of spermatogenesis which may cause male
infertility (36). Therefore, it is apparent that exogenous testosterone functions as a contraceptive
by suppressing LH synthesis and subsequently may lead to markedly reduced sperm counts in
nearly all men (37).

A comprehensive medical history, physical examination, and hormonal screening are helpful in
determining the potential patients fit to receive TRT (38). TRT is necessary in
hypergonadotropic hypogonadism (primary testicular failure), where the serum testosterone
level is low and the level of LH is high (38). Although checking serum testosterone levels has
increased in men who take TRT, a larger proportion of men might receive treatment without an
initial assessment of baseline testosterone concentrations or appropriate monitoring (39).

Patients and health care professionals are not always aware of the potential adverse effect of
TRT on normal testicular function (40). In a survey of urologists, 25% reported that they would
treat idiopathic infertile males with exogenous testosterone while the patient pursued conception
(41). Kolettis et al. (2015) found that 7% of men undergoing infertility evaluation were using
supplemental testosterone (42). Furthermore, this study reported the failure of spermatogenesis
recovery in more than 20% of these men after TRT cessation, although pre-existing causes of
spermatogenesis defect could also be responsible (42). Thus, men considering TRT who desire
to preserve their fertility may benefit from a baseline semen analysis (43). A fertility consultation
may be beneficial in these patients prior to starting treatment. Furthermore, additional efforts are
necessary to establish recommendations for management of infertility in men with
hypogonadism, and to raise awareness among physicians about the adverse effects of TRT on
spermatogenesis (44).

Alternative therapies to increase endogenous testosterone replacement

Selecting appropriate dosing regimens and formulations of testosterone have been shown to
have a lower suppressive capacity on the HPG axis. Additionally, appropriate hormonal
monitoring before and during TRT can prevent HPG axis suppression and preserve
spermatogenesis (45). However, in addition to these safeguards, there are several alternative
therapeutic approaches to raise endogenous testosterone levels other than supplementing
exogenous forms of the hormone (44) (Table 3). These include selective estrogen receptor
modulators (SERMS), gonadotropins, and aromatase inhibitors that can successfully restore the
concentration of testosterone in serum and within the testis as well as preserve fertility (39, 44,
45). Although none of these have been approved by the US Food and Drug Administration
(FDA) for the treatment of patients with hypogonadism or infertility, they are commonly used off-
label by male fertility specialists. However, a paradoxical decline in the quality of semen and
complications related to estrogen level change can be rare unintended effects of these
medications (39).

Selective estrogen receptor modulators

SERMs are a group of pharmaceuticals that act as competitive inhibitors of estrogen receptors
in the hypothalamus and pituitary with the increasing release of GhRH and gonadotrophins,
subsequently increasing production of intra-testicular testosterone and improving
spermatogenesis (46). Clomiphene citrate is a SERM that has been used in the treatment of
men with azoospermia, oligozoospermia, and unexplained infertility, in addition to treating male
hypogonadism. It has been demonstrated that Clomiphene citrate leads to a moderate increase
in FSH, LH, total testosterone, and the concentration of sperm in these men (47). Also, in men
with late-onset hypogonadism, long-term Clomiphene citrate therapy can be prescribed as a



testosterone replacement (46, 48). Although thromboembolic events and carcinogenesis have
been reported as adverse effects of SERMs (49), current ongoing research shows that this
group of pharmaceuticals has great potential for future applications (50).

Gonadotropins

Gonadotropin therapy is used to manage infertile patients with low testosterone concentrations,
with the aim of recovering normal sperm production. In such patients, stimulating
spermatogenesis requires hCG therapy alone or in combination with human menopausal
gonadotrophins (hMGs), urinary FSH, or recombinant FSH (46). It has been recommended that
TRT with concomitant use of hCG can be prescribed in hypogonadal men who seek fertility
treatment (51). Treatment with hCG can preserve normal sperm production in men undergoing
TRT by maintaining intratesticular testosterone concentrations (43). Potential side effects of
gonadotropin therapy include gynecomastia, headache, fatigue, and mood changes (52). A
retrospective study found that treatment of hypogonadal men with TRT and co-administration of
low dose hCG maintains semen parameters in these men (53). Coviello et al. (2005) evaluated
intratesticular testosterone concentrations from men with normal reproductive physiology who
received testosterone enanthate in combination with hCG (125, 250, or 500 1U) (54). A linear
increase in intratesticular testosterone concentrations with increased hCG confirms that
moderately low dose hCG preserves testicular function in endogenous gonadotropin-
suppressed healthy men (54). A systematic review showed that hypogonadal men desiring
fertility preservation while benefiting from TRT can be prescribed SERMs or testosterone plus a
low dose of hCG. Prescription of hCG alone or in combination with FSH preparations can be
recommended to hypogonadotropic hypogonadal patients who need to be treated for infertility
(46). In younger men with low serum testosterone levels, treatment with hCG or with
Clomiphene citrate will increase serum and intra-testicular testosterone levels without resulting
in declining gonadotropin levels via feedback inhibition (55). Overall, hCG is an efficient and
safe alternative or adjunct to TRT in men desiring both fertility and treatment for symptoms of
hypogonadism. However, a drawback of hCG is that this is an injectable agent.

Aromatase inhibitors

Aromatase inhibitors are a class of drugs that act by blocking aromatase P450 enzymes,
consequently normalizing the testosterone/E2 ratio and improving spermatogenesis (56). It has
been shown that an aromatase inhibitor (Testolactone) is an effective drug for alleviating
infertility in hypogonadotropic hypogonadal obese men (57). However, Testolactone is no longer
commercially available. Some men with severe spermatogenic failure who have too much
aromatase activity, decreased serum levels of testosterone, increased E2 levels, or impaired
testosterone/E2 ratio might benefit from the use of aromatase inhibitors in treating infertility (46).
Although no important side effects have been observed with consumption of an aromatase
inhibitor for elevating serum testosterone concentrations (46), one study has reported a slight
insignificant increase in the level of serum prostate-specific antigen (PSA) in elderly men with
low or borderline hypogonadism (58). However, the use of aromatase inhibitors is not suggested
due to the absence of long-term data and a limited amount of published literature (45).

Investigational therapies to increase endogenous testosterone

Selective androgen receptor modulators

The pathological effects arising from testosterone has resulted in the search for tissue-selective
agonists of the androgen receptor (AR) which could potentially trigger the AR in a tissue-
selective manner (59). Selective androgen receptor modulators (SARMS) are a new class of
androgen receptor ligands that bind to androgen receptors, depending on the chemical structure
of each SARM. Consequently, SARMs lead to anabolic activity while avoiding most of the side
effects caused by anabolic steroids (60). The tissue specificity of SARMs has led to the notion



that they may be a promising treatment for a wide variety of diseases (60). SARMs have been
studied in the treatment of male hypogonadism and their use is being investigated in clinical
trials (6, 60). Miner et al. (2007), in a rat model of sexual behavior, showed that SARMs can
lead to increased sexual function. In this model treatment of male rats with 100 mg/kg of a
synthetic SARM, LGD226, increased number of mounts, intromissions, and ejaculation (61).
Jones et al. demonstrated that administration of S-23 with estradiol benzoate in male rats led to
inhibition in spermatogenesis and the suppression of FSH and LH levels. However, these
effects are completely reversible (62). Chen et al. reported that C-6, a novel SARM, can mimic
in vivo endocrine effects of testosterone. Administration of C-6 significantly inhibited
spermatogenesis and decreased testosterone concentration, epididymal and testicular size (63).
Another study showed that SARM-2f, a novel SARM compound, can restore the sexual
behavior in castrated male rats (64). Although SARMs represent an attractive therapeutic
approach, further studies are required for the safe use of these medications (60, 65).

Leydig stem cell transplantation

Adult Leydig cells (ALCs), found in the interstitial space of the testis, are the primary source of
testosterone production in males (66). ALCs undergo a four-stage process of differentiation,
beginning with undifferentiated mesenchymal cells (also known as Leydig stem cells [LSCs])
and progressing to progenitor LCs, immature LCs, and finally to ALCs (67, 68). LSCs do not
have steroidogenic capabilities; however, they are unique in that they are capable of replicating
indefinitely and differentiating to functioning ALCs (68). This suggests the possibility of having
an endless pool of progenitor cells capable of replacing dysfunctional ALCs and restoring
testosterone production in men with low testosterone (69). Arora et al. (2018) showed that
Leydig stem cells (LSCs) in combination with Sertoli and myoid cells underwent self-renewal as
well as differentiation into mature Leydig cells. ALCs act in the HPG axis: an increase in LH
stimulates the first step of testosterone synthesis in ALCs; conversely, an increase in
testosterone production by ALCs decreases LH production by the pituitary (70). Dysfunction at
any point along the HPG axis can lead to testosterone deficiency (71, 72).

Beattie et al. (2015) demonstrated increased testosterone production in rat models by directly
stimulating aged ALCs with translocator protein (TSPO), a ligand involved in transporting
cholesterol from the cytosol to mitochondria (71). This process was independent of LH
regulation and treated aged ALCs had equivalent testosterone production to young ALCs. Other
studies have shown great promise in increasing testosterone production at more upstream
regulation points. Jiang et al. (2014) showed that transplantation of nestin-positive LSCs into the
testis of mice with impaired ALCs caused differentiation into functional ALCs and an increase in
testosterone production (73). Zhang et al. (2017) identified that transplanting human p75+ LSCs
into EDS-treated rats (inducing ALC dysfunction) successfully replaced the impaired ALCs and
partially restored testosterone production (74). Arora et al. (2019) demonstrated a novel form of
LSC transplantation by autografting LSCs in combination with Sertoli cells and peritubular myoid
cells into the subcutaneous, rather than the testicular, tissue of hypogonadal mouse models
(75). This also resulted in differentiation of LSCs into ALCs and increased testosterone
production (75).

Conclusion

There has been a dramatic surge in the use of testosterone replacement therapy (TRT) over the
past 2 decades (39, 76, 77). With numerous formulations continually being developed, patients
and clinicians have many options to choose from with various factors to consider such as
efficacy, cost-effectiveness, convenience, safety, and dosing flexibility (78). From 2000 to 2014,
an average of 2.6 new transdermal TRT drugs were approved each year (76). Rao et al. (2017)



performed a retrospective cross-sectional analysis assessing trends in TRT use from 2003 to
2013 and found a fourfold increase in TRT use in men ages 18-45, compared with a threefold
increase in use in men ages 56-64 (39). However, despite the rise in exogenous TRT, there are
concerns about long-term consequences of continued use such as gynecomastia,
erythrocytosis, sleep apnea, and the potential risks of heart attack, which cannot be ignored.
Therefore, large prospective multiethnic cohort studies are necessary for better clarifying both
risk and hazard ratios of TRT (79).

Alternative treatments, including synthetic gonadotropins, selective estrogen receptor
modulators (SERMs), and aromatase inhibitors, are being used off-label to raise serum and
intratesticular testosterone levels while preserving fertility (39, 80). However, these may have
unintended side effects, including decline in semen quality and consequences for bone mineral
density and libido due to changes in estrogen levels (80). Thus, there is a need to develop
different approaches to restoring testosterone levels in patients that can both reduce negative
side effects and preserve the HPG axis and fertility. The future of TRT in men desiring to
preserve fertility is moving towards stimulation of endogenous testosterone production by
manipulating LSCs. Novel therapeutic approaches of transplanting LSCs in various animal
model testis have shown great promise in this endeavor (73, 74). Arora et al. (2019) was the
first study of its kind to show successful ALC differentiation, increased testosterone production,
and preservation of the HPG axis with subcutaneous autograft of LSCs in hypogonadal mice
(75). Further in vivo studies are needed to assess efficacy, safety, and clinical applicability of
LSC transplant in practice.
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Therapy Mechanism of Types Strengths Limitations
Action
Exogenous - Restore - Oral, buccal, - Multiple routes of administration depending on - Because it mimics functions of endogenous
Testosterone testosterone levels | intramuscular, patient preference and needs testosterone, it also exerts negative feedback
Replacement | by supplementing transdermal, - Improves low testosterone levels and maintains | on the hypothalamus and pituitary gland,
Therapy various subdermal, and nasal | virilization in hypogonadal men reducing LH and decreasing endogenous
preparations of preparations - Particularly useful for treating hypergonadotropic | intratesticular testosterone production

natural

hypogonadism in which testosterone levels are

- Decreases intratesticular testosterone,

testosterone low but LH levels are high impairs spermatogenesis, and results in male
infertility
Therapies that | - Multiple - Selective estrogen - Able to increase serum and intratesticular - Potential unintended decline in quality of

Increase
Endogenous
Testosterone

mechanisms of
action by affecting
various points
along the HPG axis
to increase
endogenous
testosterone
production

receptor modulators
(SERMS),
Gonadotropins,
Aromatase inhibitors,
Selective androgen
receptor modulators
(SARMS), Leydig
stem cell
transplantation

testosterone levels

- Greater likelihood of preserving HPG axis
function and, subsequently, spermatogenesis and
fertility

semen and complications related to changes
in estrogen levels

- None have been approved by the US FDA
specifically for men with hypogonadism or
infertility

Table 1. Exogenous testosterone replacement therapy vs. therapies that increase endogenous testosterone




Names Strengths Limitations comparative References
Efficacy

Testosterone - Bypasses first-pass liver - Requires large and frequent dosing to mimic A small but Nieschlag 2015

undecanoate metabolism due to aliphatic side | physiologic testosterone levels significant increase | (19), Nieschlag
chain and is absorbed directly by | - Serum concentration difficult to predict due to high in systolic BP et al. 1975 (21),
the lymphatic system and then intra- and inter-individual variability versus topical Swerdloff et al.
by blood - Risk of increased blood pressure and cardiac events | tastosterone (gel or 2020 (16)

patch), A greater
number of
gastrointestinal-
associated side
effects compared
to topical
testosterone. (17)

Striant® - Requires only 2x/day dosing to | - Side effects of local irritation, inflammation, or Superior to Tsametis &
result in stable serum gingivitis in some patients Androderm (74) Isidori 2018
testosterone concentrations and Equal to AndroGel | (20), Korbonits
mimics physiologic circadian (81) et al. 2004 (24),
rhythm release Dinsmore &

- Medication effects can easily be Wyllie 2012
reversed due to easy access of (25)
tablets in the oral cavity

Long acting: - More lipophilic than other - Pain associated with deep intramuscular Equal to AndroGel | Nieschlag 2015

Testosterone formulations allowing for administration (82) (19), Tsametis

enanthate, extended storage, gradual - Fluctuations in energy, mood, and libido in many & Isidori 2018

Testosterone release, and prolonged presence | patients (20), Behre et

cypionate of testosterone in the blood - Risk of pulmonary oil microembolism and al. 1999 (26),

Extra-long acting: - Requires fewer administrations | anaphylaxis with extra-long acting formulation Fujioka et al.

Testosterone — 2-4x/month (long acting) or 1- 1986 (27),

undecanoate 2x/2 months (extra-long acting) Middleton et al.
- Easy access 2015 (28),

- Cost effective Mackey et al.
1995 (29)

Gel: AndroGel®, - Mimics physiologic diurnal - Requires daily administration AndroGel equal to | Tsametis &

Testim®, and release - High cost Androderm (83) Isidori 2018

Fortesta® - Short duration of action, - Side effects of skin irritation and potential contact AndroGel equal to (20), de Ronde

Solution: Axiron® | allowing for quick discontinuation | transfer to another person Depo Testosterone | 2009 (30),

Patch: - User friendly - Less effective in obese individuals (82)

Androderm® AndroGel equal to

Deletestryl (82)
AndroGel Equal to
Striant (81)




1 esum superior to
Androderm (84)
Testim superior to
AndroGel (85)

Testopel® - Only requires implantation of - Necessity for surgical procedure to implant sub Tsametis &
pellets every 4-6 months dermally Isidori 2018
- No risk of contact transference | - Risk of pellet extrusion, infection, and fibrosis (20), Seftel
2007 (31),
Kelleher et al.
1999 (32),
Fennell et al.
2010 (33)
Natesto® - Decreased risk of transference | - Side effects of rhinorrhea, epistaxis, nasopharyngitis, | Maintenance of Tsametis &
due to inconspicuous site of sinusitis, and nasal scabbing spermatogenesis in | Isidori 2018
application >95% of men, in (20), Gronski et
- Non-invasive and user-friendly contrast to al. 2019 (34),
- Increases testosterone, while injections or gels, Masterson et
maintaining FSH, LH, and semen Short duration of al. 2018 (35),
parameters action, frequency of | Kim et al. 2016
administration and | (32), MALE et
clinical al. 1990 (33),
pharmacokinetic Rogol et al.
profile compared to | 2016 (34),
long-acting Rogol et al.
testosterone 2018 (35)
injections, gels and
pellets.(32)

Table 2. Formulations of exogenous testosterone replacement therapy
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Class Mechanism of Action strengtns Limitations References
Selective - Mixed estrogen - Successful in treatment of - Increased risk of El Meliegy et al. 2018 (56),
Estrogen agonist/antagonist properties in | azoospermia, oligospermia, male thromboembolic events and Chehab et al. 2015 (57), Moein
Receptor different tissues hypogonadism, and unexplained male carcinogenesis et al. 2012 (58), Martinkovich et
Modulators - In the pituitary gland, acts as infertility al. 2014 (59), Pickar et al. 2010
(SERMS) an antagonist, thus stimulating (60)

the release of LH and FSH,
which drive both testosterone
production and
spermatogenesis

Gonadotropins

- Mimics effects of endogenous
gonadotropins and is
particularly useful in the
treatment of hypogonadotropic
hypogonadism

- Like endogenous
gonadotropins, stimulates
testosterone production and
spermatogenesis

- Successful in treatment of
hypogonadal men, while maintaining
semen parameters, intratesticular
testosterone, and fertility

- Useful for preserving
spermatogenesis in men undergoing
exogenous TRT by maintaining
intratesticular testosterone levels

- Side effects of gynecomastia,
headache, fatigue, and mood
changes

Pasqualotto et al. 2004 (38),
Lee & Ramasamy 2018 (44), El
Meliegy et al. 2018 (56), Dohle
et al. 2016 (61), Crosnoe-
Shipley et al. 2015 (62), Hsieh
et al. 2013 (63), Coviello et al.
2005 (64)

Aromatase - Blocks aromatase conversion - Useful in treating infertility in obese - Potential increase in PSA level | Crosnoe et al. 2013 (55), El
Inhibitors of testosterone to estradiol, men with hypogonadotropic in elderly men with low or Meliegy et al. 2018 (56), Ribeiro
thereby increasing testosterone | hypogonadism borderline hypogonadism et al. 2016 (65), Zumoff et al.
levels and normalizing the - Limited long-term data to 2003 (66), Leder et al. 2004
testosterone/estradiol ratio assess efficacy and adverse (67)
effects
Selective - Selective agonist of tissue- - Potential use in the treatment of male | - Currently in investigational Bassil et al. 2009 (6),
Androgen specific androgen receptors, hypogonadism and infertility phase; further studies are Narayanan et al. 2018 (68),
Receptor mimicking the effect of required to assess safety and Solomon et al. 2018 (69), Miner
Modulators testosterone in certain tissues efficacy et al. 2007 (70), Bhasin &
(SARMS) Jasuja 2009 (71)
Leydig Stem - Leydig stem cells can - Successful studies showing increased | - Further studies are required to Zang et al. 2017 (72), Beattie et
Cell differentiate into adult Leydig testosterone production in various prove effectiveness and safety in | al. 2015 (75), Mendis-

Transplantation

cells, which produce
intratesticular testosterone
under stimulation of LH

animal models

humans

Handagama & Ariyaratne 2001
(77), Chen et al. 2009 (78),
Chen et al. 2010 (79), Jiang et
al. 2014 (80), Zhang et al. 2017
(81), Arora et al. 2019 (82)

Table 3. Therapies that increase endogenous testosterone




