clear whether low-normal testosterone levels can maintain bone
mineral density and muscle mass. The current recommendation is
to restore testosterone levels to the mid-normal range.
Oral Derivatives of Testosterone Testosterone is well-absorbed after
oral administration but is quickly degraded during the first pass
through the liver. Therefore, it is difficult to achieve sustained blood
levels of testosterone after oral administration of crystalline testosterone. 17α-Alkylated derivatives of testosterone (e.g., 17α-methyl
testosterone, oxandrolone, fluoxymesterone) are relatively resistant
to hepatic degradation and can be administered orally; however,
because of the potential for hepatotoxicity, including cholestatic
jaundice, peliosis, and hepatoma, these formulations should not
be used for testosterone replacement. Hereditary angioedema due
to C1 esterase deficiency is the only exception to this general recommendation; in this condition, oral 17α-alkylated androgens are
useful because they stimulate hepatic synthesis of the C1 esterase
inhibitor.

Transdermal Testosterone Patch The nongenital testosterone patch,
when applied in an appropriate dose, can normalize testosterone,
DHT, and estradiol levels 4–12 h after application. Sexual function
and well-being are restored in androgen-deficient men treated
with the nongenital patch. One 5-mg patch may not be sufficient
to increase testosterone into the mid-normal male range in all
hypogonadal men; some patients may need two 5-mg patches daily
to achieve the targeted testosterone concentrations. The use of
testosterone patches may be associated with skin irritation in some
individuals.
Testosterone Gel Several transdermal testosterone gels (e.g.,
Androgel, Testim, Fortesta, and Axiron), when applied topically to the
skin in appropriate doses (Table 411-3), can maintain total and free
testosterone concentrations in the normal range in hypogonadal
men. The current recommendations are to begin with an initial U.S.
Food and Drug Administration–approved dose and adjust the dose
based on testosterone levels. The advantages of the testosterone
gel include the ease of application and its flexibility of dosing. A
major concern is the potential for inadvertent transfer of the gel
to a sexual partner or to children who may come in close contact
with the patient. The ratio of DHT to testosterone concentrations
is higher in men treated with the testosterone gel than in healthy
men. Also, there is considerable intra- and interindividual variation
in serum testosterone levels in men treated with the transdermal gel
due to variations in transdermal absorption and plasma clearance
of testosterone. Therefore, monitoring of serum testosterone levels
and multiple dose adjustments may be required to achieve and
maintain testosterone levels in the target range.
Buccal Adhesive Testosterone A buccal testosterone tablet, which
adheres to the buccal mucosa and releases testosterone as it is
slowly dissolved, has been approved. After twice-daily application
of 30-mg tablets, serum testosterone levels are maintained within

HPIM19_Part16_p2251-p2534.indd 2371

Testosterone Formulations Not Available in the United States
Testosterone undecanoate, when administered orally in oleic acid,
is absorbed preferentially through the lymphatics into the systemic
circulation and is spared the first-pass degradation in the liver. Doses
of 40–80 mg orally, two or three times daily, are typically used.
However, the clinical responses are variable and suboptimal. DHTto-testosterone ratios are higher in hypogonadal men treated with
oral testosterone undecanoate, as compared to eugonadal men.
After initial priming, long-acting testosterone undecanoate in
oil, when administered intramuscularly every 12 weeks, maintains
serum testosterone, estradiol, and DHT in the normal male range
and corrects symptoms of androgen deficiency in a majority of
treated men. However, large injection volume (4 mL) is its relative
drawback.
Novel Androgen Formulations A number of androgen formulations
with better pharmacokinetics or more selective activity profiles are
under development. A long-acting ester, testosterone undecanoate,
when injected intramuscularly, can maintain circulating testosterone
concentrations in the male range for 7–12 weeks. Initial clinical trials have demonstrated the feasibility of administering testosterone
by the sublingual or buccal routes. 7α-Methyl-19-nortestosterone
is an androgen that cannot be 5α-reduced; therefore, compared to
testosterone, it has relatively greater agonist activity in muscle and
gonadotropin suppression but lesser activity on the prostate.
Selective AR modulators (SARMs) are a class of AR ligands that
bind the AR and display tissue-selective actions. A number of nonsteroidal SARMs that act as full agonists on the muscle and bone and
that spare the prostate to varying degrees have advanced to phase
3 human trials. Nonsteroidal SARMs do not serve as substrates for
either the steroid 5α-reductase or the CYP19 aromatase. SARM binding to AR induces specific conformational changes in the AR protein,
which then modulates protein-protein interactions between AR
and its coregulators, resulting in tissue-specific regulation of gene
expression.
Pharmacologic Uses of Androgens Androgens and SARMs are being
evaluated as anabolic therapies for functional limitations associated with aging and chronic illness. Testosterone supplementation
increases skeletal muscle mass, maximal voluntary strength, and
muscle power in healthy men, hypogonadal men, older men with
low testosterone levels, HIV-infected men with weight loss, and men
receiving glucocorticoids. These anabolic effects of testosterone
are related to testosterone dose and circulating concentrations.
Systematic reviews have confirmed that testosterone therapy of
HIV-infected men with weight loss promotes improvements in body
weight, lean body mass, muscle strength, and depression indices,
leading to the recommendation that testosterone be considered as an
adjunctive therapy in HIV-infected men who are experiencing unexplained weight loss and who have low testosterone levels. Similarly,
in glucocorticoid-treated men, testosterone therapy should be
considered to maintain muscle mass and strength and vertebral
bone mineral density. It is unknown whether testosterone therapy
of older men with functional limitations is safe and effective in
improving physical function, vitality, and health-related quality
of life and reducing disability. Concerns about potential adverse
effects of testosterone on prostate and cardiovascular event rates
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Injectable Forms of Testosterone The esterification of testosterone
at the 17β-hydroxy position makes the molecule hydrophobic and
extends its duration of action. The slow release of testosterone ester
from an oily depot in the muscle accounts for its extended duration
of action. The longer the side chain, the greater is the hydrophobicity of the ester and the longer is the duration of action. Thus, testosterone enanthate, cypionate, and undecanoate with longer side
chains have longer duration of action than testosterone propionate.
Within 24 h after intramuscular administration of 200 mg testosterone enanthate or cypionate, testosterone levels rise into the highnormal or supraphysiologic range and then gradually decline into
the hypogonadal range over the next 2 weeks. A bimonthly regimen
of testosterone enanthate or cypionate therefore results in peaks
and troughs in testosterone levels that are accompanied by changes
in a patient’s mood, sexual desire, and energy level. The kinetics of
testosterone enanthate and cypionate are similar. Estradiol and DHT
levels are normal if testosterone replacement is physiologic.
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The adverse effects include buccal ulceration and gum problems in
a few subjects. The effects of food and brushing on absorption have
not been studied in detail.
Implants of crystalline testosterone can be inserted in the subcutaneous tissue by means of a trocar through a small skin incision.
Testosterone is released by surface erosion of the implant and
absorbed into the systemic circulation. Two to six 200-mg implants
can maintain testosterone in the mid- to high-normal range for up
to 6 months. Potential drawbacks include incising the skin for insertion and removal and spontaneous extrusions and fibrosis at the site
of the implant.
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