Drug Design, Development and Therapy

Dovepress
open access to scientific and medical research

Review

Open Access Full Text Article

Transdermal testosterone replacement
therapy in men
This article was published in the following Dove Press journal:
Drug Design, Development and Therapy
9 January 2014
Number of times this article has been viewed

M Iftekhar Ullah 1
Daniel M Riche 1,2
Christian A Koch 1,3
Department of Medicine, University
of Mississippi Medical Center,
2
Department of Pharmacy Practice,
The University of Mississippi,
3
GV (Sonny) Montgomery VA
Medical Center, Jackson, MS, USA
1

Video abstract

Abstract: Androgen deficiency syndrome in men is a frequently diagnosed condition associated
with clinical symptoms including fatigue, decreased libido, erectile dysfunction, and metabolic
syndrome. Serum testosterone concentrations decline steadily with age. The prevalence of
androgen deficiency syndrome in men varies depending on the age group, known and unknown
comorbidities, and the respective study group. Reported prevalence rates may be underestimated,
as not every man with symptoms of androgen deficiency seeks treatment. Additionally, men
reporting symptoms of androgen deficiency may not be correctly diagnosed due to the vagueness
of the symptom quality. The treatment of androgen deficiency syndrome or male hypogonadism
may sometimes be difficult due to various reasons. There is no consensus as to when to start treating a respective man or with regards to the best treatment option for an individual patient. There
is also lack of familiarity with treatment options among general practitioners. The formulations
currently available on the market are generally expensive and dose adjustment protocols for
each differ. All these factors add to the complexity of testosterone replacement therapy. In this
article we will discuss the general indications of transdermal testosterone replacement therapy,
available formulations, dosage, application sites, and recommended titration schedule.
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Late onset hypogonadism with androgen deficiency syndrome in men is a frequently
diagnosed condition associated with clinical symptoms including fatigue, decreased
libido, erectile dysfunction, decreased muscle and lean body mass, low bone mineral
density, metabolic syndrome, and depression.1–5 Total, free, and bioavailable testosterone and sex hormone binding globulin may all be significantly reduced in men with
metabolic syndrome compared to those without metabolic syndrome.5
In older men an optimal plasma testosterone level is associated with reduced all-cause
mortality,6 and serum testosterone concentrations decline steadily with age. Some studies report that the mean total serum testosterone concentration of men at age 75 years
is about two thirds of the levels at age 25 years.7 Approximately 50% of men older than
80 years and about 20% of men older than 60 years have serum testosterone concentrations at least two standard deviations below the mean concentration for young men.8,9
The actual prevalence of androgen deficiency syndrome or male hypogonadism in men
is not definitely known. When considering symptomatic androgen deficiency as defined
by a total serum testosterone concentration below 300 ng/dL and/or free testosterone
concentration below 5 ng/dL in addition to the presence of low sex drive, erectile
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dysfunction, osteoporosis or fracture, or two or more of the
following symptoms including sleep disturbance, depressed
mood, lethargy, diminished physical performance, the prevalence of symptomatic androgen deficiency in men between
age 30 and 79 years is about 6%.10
Obviously, the definition of male hypogonadism depends
not only on clinical symptoms and signs but also on cutoff
levels of serum testosterone concentrations. Most authorities would consider as the lower limit of the normal range
a serum total testosterone concentration of 315 ng/dL in
healthy nonobese men, and of 6.5 ng/dL for free testosterone (measured by equilibrium dialysis or absolutely reliable
assays).7 A consensus statement by the International Society
of Andrology, International Society for the Study of Aging
Male, European Association of Urology, European Academy
of Andrology, and American Society of Andrology, concluded
that there are no generally accepted lower limits of normal
serum testosterone and that men with a serum concentration
above 350 ng/dL generally do not require substitution therapy,
while men with serum testosterone concentrations below
230 ng/dL will usually benefit from testosterone replacement
therapy (TRT).11
Of note, there are large inter-individual variations of free
testosterone concentrations and it is unclear how a certain
cutoff level of total or free serum testosterone can be used to
confirm “normalcy”. For instance, man A may have had a total
testosterone value of 900 ng/dL at age 20 years and now at
age 50 has a value of 400 ng/dL with symptoms of androgen
deficiency syndrome, whereas man B with a total testosterone
value of 400 ng/dL at age 50 years and no symptoms of androgen deficiency syndrome may have had a value of 500 ng/dL
at age 20 years. The normal total serum testosterone range in
healthy adult males is said to be between 315 and 1,000 ng/dL
based on blood production and metabolic clearance rates.7
The prevalence of male hypogonadism may be underestimated, as not every man with symptoms of hypogonadism
seeks treatment. Additionally, men reporting symptoms of
hypogonadism may not be correctly diagnosed due to the
vagueness of the symptoms. Even in patients with a confirmed diagnosis, the treatment course can be difficult due
to lack of familiarity with treatment options.
Various therapy choices are available to replace testosterone
in men including oral, intramuscular, subcutaneous, and transdermal preparations.12 Most men (age 22 to 69 years) prefer a
topical gel product over an injection or patch due to its ease of
use.13 Unfortunately, there is no consensus as to when to treat
a patient, or what the best treatment option is for an individual
patient. There are many factors that have to be considered in
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each individual with their unique genetic and environmental
makeup which have not been well studied in large scale trials
but rather become clear by practice-based evidence (see also
The CARE [CAseREport] guidelines: consensus-based clinical case report guideline development).14,15
The topical formulations available on the market are
generally expensive and dose adjustment protocols for each
of them differ. All these factors add to the complexity of
TRT for general practitioners.16 In this article, we will discuss the general indications of transdermal TRT, available
formulations, dosage, application sites, and recommended
titration schedule.

Physiology of testosterone
Testosterone is essential for development and maintenance
of various organs and physiological functions in men. It is a
steroid hormone which exerts effects on the male throughout
life.17,18 The male fetus develops the cells of Leydig around
the seventh week of development which begin to produce
testosterone. Testosterone leads to differentiation of the male
fetal genitourinary tract with development of epididymis,
seminal vesicles, and vas deferens. The external male
genitalia begin to develop at around 8 weeks of fetal life.
Testosterone starts to exert its effects on the development
of secondary sexual characteristics in males during puberty.
The hypothalamus begins to secrete gonadotropin-releasing
hormone (GnRH) from the hypothalamus in a pulsatile
fashion, with release of both luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) from the anterior
pituitary (Figure 1).
LH stimulates the Leydig cells in the testes to produce
testosterone, causing development of male secondary sexual
characteristics. An elevated serum testosterone concentration
causes negative feedback inhibition of the hypothalamicpituitary-gonadal (HPG) axis by decreasing GnRH and LH/
FSH from the hypothalamus and anterior pituitary. In addition to development of secondary sexual characteristics in
males, testosterone also has various physiological effects in
the body including maintaining lean muscle and bone mass,
spermatogenesis, libido, improving insulin sensitivity, and
glucose metabolism, etc.
After secretion by the testes, about 97% of testosterone
becomes either loosely bound with plasma albumin or more
tightly bound with a beta globulin called sex hormonebinding globulin (SHBG). The rest circulates in the blood
in free/unbound form.19 The circulating testosterone is either
transferred to the tissues or degraded into inactive products
that are subsequently excreted. Factors that increase SHBG,
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aromatization of testosterone and less than 20% of estradiol
in the circulation is secreted by the testes. Serum estradiol
concentrations in men are around 20 to 30 pg/mL and do not
vary significantly with age with some elderly men having
higher estradiol serum concentrations than postmenopausal
women.7,28 In aging men, both estrogen and testosterone are
important in maintaining bone formation.21 Estrogens also
play a role in energy balance and glucose homeostasis.29

Hypothalamus

+

GnRH

Pituitary
FSH, LH

−

+

−

Leydig cells of
testis

Testosterone

Figure 1 Hypothalamic-pituitary-gonadal axis and testosterone secretion.
Abbreviations: FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing
hormone; LH, luteinizing hormone.

like hyperthyroidism, cirrhosis of the liver, aging, and others
decrease the amount of bioavailable testosterone in the
circulation. Much of the testosterone that becomes fixed to
the tissues is converted within the tissue cells to dihydrotestosterone by the enzyme 5α-reductase, especially in certain
target organs such as the prostate gland in the adult and the
external genitalia of the male fetus. Some actions of testosterone are dependent on this conversion, whereas other actions
are not. Testosterone that does not become fixed to the tissues
is rapidly converted, mainly by the liver, into androsterone
and dehydroepiandrosterone and simultaneously conjugated
as either glucuronides or sulfates. These are excreted from
the body through bile or urine.
Of note, estrogen-mediated actions of testosterone in men
include feedback regulation of LH, skeletal homeostasis,
lipid metabolism, and others.7,20–26 Estrogenic actions in men
can occur through blood borne estrogens and through local
aromatization of testosterone.
Approximately 0.3% of testosterone is converted into
estradiol by aromatase (CYP19A1), an enzyme expressed
in the brain, liver, and adipose tissues.27 In obese men, the
increased amount of fat leads to increased extragonadal
aromatase activity, resulting in increased concentrations of
estradiol. High circulating concentrations of estradiol down
regulate the HPG axis and decrease the amount of circulating
testosterone. Up to 80% of plasma estradiol originates from
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Diagnosis of male hypogonadism
The symptoms of male hypogonadism may be nonspecific
and often mimic many other diseases, making the diagnosis
difficult. As a general rule, any chronic (inflammatory) condition that puts one out of eustasis may lead to “sick gonadotroph syndrome” (Figure 2).30 In this context, chronic pain
and/or chronic opioid use can cause hypogonadism which
can be successfully treated by testosterone gel.31 Patients can
generally present with unexplained fatigue, depression, loss
of libido, or erectile dysfunction (Table 1). After exclusion
of other diseases, hypogonadism should be suspected and
appropriate tests should be ordered to establish the diagnosis
(Figure 2 based on Wang et al11 regarding serum testosterone
cutoff concentrations).
The challenge arises when a reference range for normal
serum testosterone is sought for the elderly male population
since an individual’s testosterone concentration constantly
declines naturally over the later decades of life. A recent
study proposed that the 2.5th percentile (184 ng/dL of serum
total testosterone) in a reference group of healthy elderly
men may provide age appropriate thresholds for defining the
cutoff point for low testosterone.32 Of note, more than 80%
of circulating estradiol in men comes from the conversion/
aromatization of testosterone.33 Estrogen deficiency may
primarily account for increases in body fat.34 Apparently, men
with a testosterone level below 200 ng/dL start to experience
loss of lean mass and muscle strength, acknowledging, however, that sensitivity of various androgen target tissues varies,
ie, this level of 200 ng/dL is not an absolute number.34,35
After diagnosing hypogonadism, the cur rently
available treatment options should be considered and
discussed with the patient. The oral formulations containing 17-α-testosterone are no longer used due to
their potential liver toxicity because of the hepatic
first pass metabolism, while there is no published evidence that indicates nonoral formulations causing
liver toxicity. Buccal formulations have the convenience of
oral administration with low potential for hepatotoxicity as
they bypass the hepatic first pass metabolism, but have a
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Exclude other illness that may cause
similar symptoms: depression,
hypothyroidism, sleep apnea, anemia,
untreated diabetes, inflammatory
arthritis, COPD, renal failure, HIV, chronic
pain and opiate use (drug-induced)

Symptoms of hypogonadism

Treat other illness if present, then
re-evaluate

Symptoms persists

<150 ng/dL
Look for pituitary
etiology (prolactin)
230–350 ng/dL

a

Check morning serum
total testosterone on
two occasions

>350 ng/dL

No replacement
necessary in
most cases

<230 ng/dL
Repeat total testosterone with
free (bioavailable) testosterone,
LH, estradiol
Trial with aromatizable
testosterone replacement in
Low (<65 pg/dL) free testosterone
Estradiol <10 pg/dL

most cases

Re-assess after 3 months of therapy

If no improvement in libido,
muscle function, or body
fat, stop treatment and
assess for other causes of
symptoms

Figure 2 Algorithm for diagnosis and treatment of male hypogonadism.
Notes: aIf significant symptoms exist, may consider treatment regardless of additional laboratory results. Adapted with permission from Thieme. Ullah MI, Washington T,
Kazi M, Tamanna S, Koch CA. Testosterone deficiency as a risk factor for cardiovascular disease. Horm Metab Res. 2011;43(3):153–164.41 Copyright © 2011.
Abbreviations: COPD, chronic obstructive pulmonary disorder; HIV, human immunodeficiency virus; LH, luteinizing hormone.

short duration of action requiring 2–3 times daily dosing,
mouth-related adverse effects (gum and mouth pain, gum
edema, bitter taste, taste perversion), 36 and the clinical
response is less consistent. Intramuscular depot injection
of testosterone cypionate is less expensive and can be
administered every 1–4 weeks. A major disadvantage is the
strongly fluctuating concentrations of plasma testosterone
Table 1 Symptoms and signs of testosterone deficiency
Typical symptoms and signs

Nonspecific symptoms
and signs

Reduced libido, erectile dysfunction
Decreased spontaneous (morning)
erections
Loss of body (axillary and pubic) hair
Small (especially ,5 mL) or shrinking
testes
Infertility, low sperm count
Pathological fracture, low bone
mineral density

Generalized fatigue
Reduced muscle bulk and strength
Depressed mood or dysthymia
Poor concentration and memory
Sleep disturbance, increased
sleepiness
Mild anemia (iron deficiency)
Increased body fat and metabolic
syndrome

Notes: Data from Ullah et al, and Koch and Zitzmann.41,42,58
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which are at least 50% of the time not in the physiological
range.37 This also causes supraphysiologic serum testosterone concentrations within 2 to 3 days of injection and a slow
decline to subnormal levels within 1 to 2 weeks. This noncircadian type of roller coaster pharmacokinetic response
may cause rapid swings in energy, mood, and sexual function.38 Application regimens of 200 mg every 2 weeks and
300 mg every 3 weeks seem to be effective in moving serum
LH concentrations into the normal range.39 Implantable
testosterone pellets are also available but require surgical
intervention, may be painful, and are sometimes extruded
spontaneously from the implant site. Convenience appears
to be the most important factor in patients’ decision to
choose subcutaneous pellets therapy, but the cost of therapy
is the primary reason for discontinuing it.40 Besides intramuscular testosterone injection, transdermal TRT (gel and
patch) are the most common formulations used in the US to
treat hypogonadism. We will discuss the dosage and application procedures of the commonly available transdermal
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Table 2 Recent articles on advances in testosterone replacement therapy
Title
New modalities of transdermal testosterone replacement

43

Androgen replacement therapy: present and future44
Androgens and the ageing male45
Testim 1% testosterone gel for the treatment of male
hypogonadism46

Author/Year

Summary of article

Basaria and Dobs,
2003
Gooren and Bunck,
2004
Swerdloff and Wang,
2004
Bouloux, 2005

Discusses advantages of transdermal testosterone
formulations compared to other formulations
Compares buccal, subcutaneous, intramuscular, and
transdermal formulations of testosterone
Summarizes symptoms of hypogonadism in aging males and
risk/benefit of replacement
Reviews the pharmacokinetic and clinical profile of Testim
1% gel formulation of testosterone for the treatment of
male hypogonadism
Discusses advantages of transdermal testosterone and
experimental use of DHE and HCG to treat hypogonadism
Reviews the physiology, causes, and diagnosis of
hypogonadism and the potential benefits of treatment with
testosterone replacement therapy
Discusses the different formulations of testosterone
replacement therapies along with advantages of the newer
formulations
Discusses the indications, contraindications, and benefits
of testosterone treatment along with adverse effects,
advantages, and disadvantages of various testosterone
preparations
Reviews the meta-analytic studies (1969–2010) and
discusses the pathogenesis of male hypogonadism and the
preparations for its treatment
Summarizes important evidences regarding testosterone
replacement therapies, highlighting those concerning
both transdermal and long acting injectable testosterone
compounds
Summarizes the indications, contraindications, risk/benefits
of transdermal testosterone replacement therapy
Discusses the new buccal formulation (Striant)

Recent trends in the treatment of testosterone deficiency
syndrome47
Testosterone replacement therapy48

Hong and Ahn, 2007

Advances in testosterone replacement therapy37

Gooren, 2009

Testosterone treatment in elderly men49

Srinivas-Sankar and
Sharma, 2009

Update in testosterone therapy for men50

Corona et al, 2011

Evidence-based medicine update on testosterone
replacement therapy in male hypogonadism: focus
on new formulations51

Giagulli et al, 2011

Topical testosterone supplementation for the treatment
of male hypogonadism52
The long-term efficacy and safety of a testosterone
mucoadhesive buccal tablet in testosterone-deficient men53
Skin hypersensitivity reactions to transdermal therapeutic
systems – still an important clinical problem54

Abadilla and Dobs,
2012
Dinsmore and Wyllie,
2012
Jenerowicz et al, 2012

Jones, 2007

Discusses the cutaneous reactions caused by transdermal
T preparations and how to prevent/manage it

Abbreviations: DHE, dehydroepiandrosterone; HCG, human chorionic gonadotropin.

testosterone formulations in the US. We have also compiled
a table (Table 2) which summarizes some important journal
articles on recent advances in TRT.

Transdermal drug delivery system
This is a method of drug administration which allows application of a discrete dose of the drug by applying it on the intact
skin, which is absorbed at a controlled rate into the systemic
circulation.55 The skin serves as a reservoir for the sustained
release of testosterone into the systemic circulation. It is
used for many medications and has the advantage of high
bioavailability, absence of hepatic first pass metabolism,
increased therapeutic efficacy, and steadiness of plasma
concentrations of the drug. For testosterone replacement, two
subtypes of transdermal application systems are available in
the US. One is in the form of a patch containing testosterone
that is applied to the skin daily. Androderm (Actavis, Inc.,

Drug Design, Development and Therapy 2014:8

Dublin, Ireland) is the only testosterone patch available in the
US. Testoderm (Actavis, Inc.) is another testosterone patch
(applied on scrotal skin) which is not available in the US. The
others are in the form of gels containing testosterone which
is applied directly on the skin. Several gel formulations are
available in the US and doses and application sites for each
medication vary, increasing the difficulty in prescribing and
monitoring the treatment response for the provider. In the
next few sections, we will try to summarize the similarities
and differences of each medication. Of note, a study from
1989 utilizing testosterone transdermally containing 5, 10, or
15 mg of testosterone showed that peak concentrations of testosterone were achieved 3 to 8 hours after scrotal application
in hypogonadal men.56 In that study, a potential disadvantage
has become apparent as there was a disproportionate increase
in serum dihydrotestosterone, likely because skin highly
expresses 5-alpha reductase.
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Transdermal patch
Androderm is a transdermal testosterone patch available
in the US and some other countries but not in the UK. It is
supplied in 2 mg/day and 4 mg/day dose forms. The other
testosterone patch called Testoderm is no longer available on
the market. It is recommended to start with the application
of one 4 mg/day uncut/torn Androderm patch nightly on the
clean, dry, and unbroken skin on the back, abdomen, upper
arms, or thighs only. It should not be applied to skin on the
scrotum, buttocks, or any bony area. The sites of application
should be rotated weekly and should not be used more frequently than every 7 days. This may reduce the risk for skin
irritation. More than one patch applied simultaneously may be
required to reach adequate serum testosterone concentrations.
The patient should avoid showering, swimming, or washing
the site for at least 3 hours after application to allow adequate
absorption of the drug into the subcutaneous tissue where it
remains stored for continuous release into the systemic circulation. Minor skin irritation (occurs in up to 30% of men) may
be treated by applying over the counter hydrocortisone cream
on the affected skin after removal of the patch. If a patch is
dislodged from the skin prior to noon, a new patch can replace
it; if the patch is dislodged later in the day, the patient should
wait until the next scheduled application. For dose titration,
an early morning total serum testosterone should be checked
at least 2 weeks after initiation of therapy, following system
application the previous evening. The target range of serum
testosterone is between 400 and 930 ng/dL.
®

Transdermal gels
Several testosterone gel formulations are available for topical use in the US. These include Androgel® (1% and 1.62%)
(AbbVie Inc., Lake Bluff, IL, USA), Axiron® (Eli Lilly
and Company, Indianapolis, IN, USA), Fortesta® (Endo
Pharmaceuticals Inc., Malvern, PA, USA), and Testim®
(Auxilium Pharmaceuticals Inc., Chesterbrook, PA, USA).
Their indications, adverse effects, and contraindications are
fairly similar, but the dose adjustments and application sites

differ significantly and are not interchangeable (Table 3).
In general, the patients should wash hands immediately
with soap and water after applying the gel and cover the
application site with clothing after the gel has dried. They
should also wash the application site thoroughly with soap
and water, if skin to skin contact of the application site with
another person is anticipated. The dose should be titrated
based on the (total) serum testosterone concentration checked
at least 2–4 weeks after therapy initiation or after any dose
adjustment. In a study with healthy young men, 150 mg of
topical testosterone gel administration resulted in maximum total serum testosterone concentrations 3 hours after
administration without suppressing LH.57 Serum testosterone
concentrations can generally be assessed any time after the
individual man has been on treatment for at least 1 week.58
Kinetics data of different transdermal testosterone formulations are presented in Table 4. Interestingly, a recent study
of healthy young men who received 150 mg of testosterone
in topical gel showed a maximum total serum testosterone
concentration 3 hours after administration without suppression of LH at any time point over 1 hour intervals for 7 hours
after gel administration.57 Administration of 2 mg estradiol
in topical gel led to maximum estradiol serum concentration
2 hours after administration and did not suppress absolute
LH concentrations.57
Androgel®: This medication comes in two different formulations, 1% and 1.62%. Both are applied to the clean and
dry intact skin of the shoulder or upper arm once daily in the
morning. The dosage and administration of each differs from
the others. Each comes in a pump and in a packet. The starting
dose of Androgel 1% is 50 mg of testosterone (four pump
actuation, two 25 mg packets or one 50 mg packet). On the
other hand, Androgel 1.62% should be started at 40.5 mg (two
pump actuation, 20.25 mg each or one 40.5 mg packet). The
dose should be titrated based on the predose morning serum
concentration of (total) testosterone checked after at least
2–4 weeks of therapy initiation or after any dose adjustment.
The 1.62% formulation is more concentrated which allows

Table 3 Comparison of different transdermal testosterone formulations
Medication

Application
site

Formulation

Starting dose

Time of blood draw to
recheck concentration

Androgel 1%

Shoulder or
upper arm
Shoulder or
upper arm
Axilla
Thigh
Shoulder or
upper arm

1 pump = 12.5 mg
1 packet = 25 mg, 50 mg of testosterone
1 pump = 20.25 mg
1 packet = 40.5 mg of testosterone
1 pump = 30 mg of testosterone
1 pump = 10 mg of testosterone
1 tube = 50 mg of testosterone
in 5 g of gel

Four pump actuation, two 25 mg
packets or one 50 mg packet
Two pump actuation or one
40.5 mg packet
Two pump actuation
Four pump actuation
1 tube

Early morning

Androgel 1.62%
Axiron
Fortesta
Testim 1%
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Early morning
After 2–8 hours of application
After 2 hours of application
Early morning
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Table 4 Kinetics and composition of different transdermal testosterone formulationsa–c
Medication

Absorption

Duration

Inactive ingredients

Androgel 1%

Continuous –
10% bioavailable
Continuous

5 days after achieving
steady state
48–72 hours

Reservoir of testosterone
and octisalate
Continuous

7–10 days after
reaching steady state
24–48 hoursd

Carbomer 980, ethyl alcohol 67.0%, isopropyl myristate,
sodium hydroxide, purified water
Carbopol 980, ethyl alcohol, isopropyl myristate,
sodium hydroxide, purified water
Ethanol, isopropyl alcohol, octisalate, and povidone

Sustained release –
10% bioavailable

24–48 hoursd

Androgel 1.62%
Axiron
Fortesta
Testim 1%

Propylene glycol, purified water, ethanol, 2-propanol, oleic acid,
carbomer 1382, triethanolamine, and butylated hydroxytoluene
Pentadecalactone, carbopol, acrylates, propylene glycol, glycerin,
polyethylene glycol, ethanol (74%), tromethamine, purified water

Notes: aMetabolism of any testosterone is hepatic via (1) aromatase and (2) 5-alpha reductase. Major active metabolites of testosterone are estradiol and dihydrotestosterone;
b
elimination t1/2 of any testosterone preparation ∼10–100 minutes; cdistribution: all preparations are bound: 98% (40% sex hormone-binding globulin) and free: 2%; dbased on
time to baseline in mean total testosterone concentrations reported in product information.

less gel to be applied and improves skin permeation compared
to the 1% gel.
Axiron 2%®: This is the only formulation that has received
US Food and Drug Administration (FDA) approval for application under arms (axilla). It is an odorless formulation that
comes in a metered dose pump with a silicone applicator. The
starting dose is one pump actuation (30 mg) to be applied in
each axilla (total 60 mg/day) every morning. The dose should
be titrated based on the serum concentration of testosterone
after 2–8 hours of application, checked after at least 2 weeks
of therapy initiation or after any dose adjustment. It has
minimal local adverse reactions including skin erythema
and edema. Its efficacy is not compromised by concomitant
use of deodorant or antiperspirant but it is recommended
to apply deodorant prior to application of Axiron to avoid
contamination of deodorant sticks.59
Fortesta 2%®: This is a clear, odorless gel which is low
in volume and is one of the least expensive transdermal
formulations available.60 This formulation comes in only
pump dispensing format. It is started at 40 mg of testosterone
daily (four pump actuation) applied every morning on the
dry, intact skin of the front or inner thighs. The dose should
be titrated based on the serum concentration of testosterone
after a single blood draw after 2 hours of application, checked
after at least 2 weeks of therapy initiation or after any dose
adjustment. This formulation has been reported to restore
testosterone concentrations in 77% of men in a study, without
risk of supra-physiologic testosterone concentrations.61
Testim 1%®: This is a translucent gel formulation with
slightly musky odor that has variable patient acceptability.
The formulation contains an emollient which helps reduce
drying out of the skin and enables higher testosterone absorption.62,63 The drug is provided in 5 g tubes, each containing
50 mg of testosterone. The recommended starting dose is
5 g of gel (one tube) containing 50 mg of testosterone to be
Drug Design, Development and Therapy 2014:8

applied once daily in the morning to clean, dry intact skin
of the shoulders or upper arms. Morning serum testosterone
concentrations should be measured approximately 2 weeks
after initiation of therapy to ensure that proper serum testosterone concentrations are achieved. Reportedly, Testim
1% produces higher serum concentrations and greater bioavailability than Androgel 1% with C(max) estimates for total
testosterone, dihydrotestosterone, and free testosterone being
greater (30%, 19%, and 38%, respectively) following the
application of Testim compared to AndroGel.63

Potential adverse effects
of testosterone replacement

• Worsening symptoms of benign prostatic hyperplasia
(likely preventable or being averted with co-administration of finasteride)64
• Virilization in females or children with accidental
exposure
• Polycythemia65,66
• Edema
• Gynecomastia
• Dyslipidemia
• Hypercalcemia
• Application site reaction
• Increased risk of prostate cancer66,67 (unproven)
• Emotional lability (putative)
• Hypertension (putative)
• Alopecia
• Priapism68,69 (unlikely).

Contraindications to testosterone
therapy

• History of breast or prostate cancer41,58
• Presence of palpable prostate nodule or induration41,58
submit your manuscript | www.dovepress.com
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• Prostate-specific antigen (PSA) .4 ng/mL or .3 ng/mL
in men at high risk for prostate cancer such as AfricanAmericans, or men with first degree relatives with prostate cancer, without further urological evaluation41,58
• Untreated severe obstructive sleep apnea41,58
• Uncontrolled or poorly controlled heart failure41,58
• Severe lower urinary tract symptoms with International
Prostate Symptom Score above 19 (symptoms unchanged
or even improved)70,71
• Hematocrit .50%.41,58

Disadvantages of transdermal TRT
The transdermal formulations available for TRT are generally expensive. Some patients may develop mild skin irritation while others may develop more serious skin reactions.
Those who sweat excessively may have difficulty wearing
the patch. Transference is a major concern and has been
the topic of FDA warnings.72 Accidental transference can
lead to virilization of contacts, especially in children.73
To prevent it, areas of application should be covered with
clothing as soon as the gel has dried. Hands should be
thoroughly washed with soap and water after application.
If skin to skin contact is anticipated, the area should be
washed thoroughly before contact. Swimming and bathing should be avoided for at least 2 hours after application. Special care must also be taken to avoid any contact
possibility with pregnant women, as there is potential for
teratogenicity.

Monitoring of TRT
Patients treated with testosterone replacement should be
monitored for both treatment response as well adverse
effects. They should be clinically evaluated and their serum
testosterone concentrations should be checked 2–3 months
after initiation of therapy and after adjusting the dose. The
target serum testosterone concentration to be achieved for
injectable testosterone enanthate or cypionate is said to
be around 400–700 ng/dL which has been considered to
be eugonadal by the Endocrine Society clinical practice
guideline (2010).58,74 For other testosterone formulations, no
specific range is given other than “mid-normal,” presumably
also 400–700 ng/dL. Obviously, as stated before, there are
large inter-individual variations and the serum testosterone
concentration should therefore be seen in the context of
signs and symptoms of each individual man. Higher (up to
1,000 ng/dL) and lower (as low as 300 ng/dL) concentrations
may be considered acceptable responses to treatment. Some
panelists of the Endocrine Society clinical practice guideline
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favored treating symptomatic older men who had serum
testosterone concentrations below the lower limit of normal
healthy young men (300 ng/dL), while others were in favor
of not treating unless the testosterone concentration is below
200 ng/dL.58 The timing of serum concentration measurement
varies slightly depending on the preparation used, which has
been summarized in Tables 3 and 4. Whereas the recommendation for injectable testosterone esters is to check the
serum concentration midway between injections, it is recommended for serum testosterone to be evaluated 3 to 12 hours
after application of the transdermal patch, to assess serum
testosterone immediately before or after application of fresh
system of buccal testosterone, to measure serum testosterone
any time after the patient has been on treatment with gel for
at least 1 week, and to evaluate serum testosterone at the end
of the dosing interval for testosterone pellets, all with the
aim to achieve “mid-normal” range of serum testosterone
concentrations.
Monitoring for adverse effects from TRT should also be
done. A PSA concentration, digital rectal examination, and
hematocrit should be performed at baseline and at 3 months,
6 months, then yearly after TRT is initiated. If the hematocrit
rises above 54%, treatment should be discontinued until
resolution to a safe level.58 We feel such a hematocrit level
should be 45% and then testosterone therapy can be reinitiated at reduced dose compared to the prior dose.58 Consider
discontinuation of TRT and/or referral to a urologist if PSA
measurements increase in consecutive 6-month intervals,
or an increase of serum PSA .1.4 ng/mL in a year.58 If the
digital rectal examination is abnormal, a biopsy should be
performed to rule out prostate cancer. Additionally, a voiding
assessment and breast examination should be performed at
baseline and annually as long as TRT is continued. In men
with osteoporosis or a history of low trauma fracture, bone
mineral density of the lumbar spine should be measured after
1 to 2 years of continued TRT.

Timeline of response to therapy
after testosterone replacement
The clinical response to transdermal testosterone supplement is variable. Generally, it takes 4–12 weeks to restore
the serum testosterone concentration to physiological range,
depending on the initial concentration of the hormone as
well as the type of formulation used. Serum testosterone
is usually measured to monitor response to therapy and
achievement of a eugonadal state (generally considered to
be reflected by a serum testosterone concentration between
400 and 700 ng).58 However, a recent study has suggested
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that it may sometimes be inaccurate because of abnormal
fluctuation of other circulating androgens.75 Improvement
in sexual desire and function as well as mood and energy
occurs early in the course of treatment, approximately within
3–6 weeks.76–78
One can begin to see improved muscle mass and strength,
reduced adiposity, and an increasing hematocrit within
3 months which reaches its maximum at around 12 months.77
The lipid profile begins to improve in 3–4 months, with maximum effect attained in 12 months for total cholesterol and
22 months for triglyceride, high density lipoprotein, and low
density lipoprotein. A decline in fasting blood glucose and
HbA1c may be observed after 3 months with further decrease
after 12 months.79–82 Effects of testosterone on bone mineral
density take longer to appear. It may take 6 months to see the
initial effect and may take 36 months or longer to reach the
maximum benefit.26,64,83,84 Patients with metabolic syndrome
experience maximum benefit in waist circumference, fasting blood glucose, and blood pressure within 12 months.79,85
It is important to monitor blood glucose concentrations in
diabetic patients and titrate down anti-diabetic medications
if necessary, as TRT improves glycemic control and may
precipitate hypoglycemia.
As per the Endocrine Society clinical practice guideline,
men should be monitored for a clinical response and any
adverse effects as well as for serum testosterone concentrations, hematocrit, and PSA every 3 months.58 Testosterone
therapy can inhibit hepcidin transcription and is associated
with increased iron incorporation into red blood cells and
increased erythropoietin concentrations.86 If the hematocrit
rises above 54%, it has been recommended to hold TRT until
the hematocrit decreases to a “safe” level (for instance, to
less than 45% to lower the risk of cardiovascular death and
major thrombosis).87,88 If the hematocrit rises above 45%,
whole blood viscosity increases above normal.89 Therefore,
we would wait until the hematocrit drops to 45% and then
reinitiate testosterone therapy at reduced dose.
A recent study of medical claims analysis has revealed
that adherence to the topical TRT among hypogonadal
patients is fairly low.90 Only 34% of patients continued with
treatment after 6 months of therapy and only 15% continued
after 1 year.90 Adherence to both Testim and Androgel were
similar in this study. It is not clear what contributes to this low
adherence to TRT. Several factors may be accountable. Cost
of medication always is a major factor in adherence to any
therapy. Those who have no prescription coverage or who have
high copay may be less likely to continue topical testosterone.
Some patients may also have unrealistic expectations from
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the therapy. As it may take up to 3 months to demonstrate a
clinical response, some men may be reluctant to continue over
a longer duration. The physicians must discuss the goals of
therapy and encourage patients to not discontinue TRT without consulting the prescribing provider. If a patient does not
achieve minimal biochemical goals (ie, serum testosterone
.400 ng/dL) with a certain formulation after 3 months, or
does not experience symptomatic improvement despite biochemical replacement, it is reasonable to switch to a different
transdermal formulation. A study by Grober et al found that
hypogonadal symptoms improved in a significant proportion
of men who underwent a brand substitution (from Androgel to
Testim and vice versa) after an initial suboptimal biochemical
or symptomatic response with either product.91 If transdermal treatment does not achieve the goal, or cost becomes
an obstacle, use of intramuscular testosterone enanthate or
cypionate may always remain as a reasonable alternative
therapy.

Conclusion
Transdermal TRT can replace testosterone in men with
hypogonadism and restore a steady testosterone concentration in the blood. Transdermal TRT has a more favorable
adverse effect profile when compared to buccal testosterone formulations. It also has better patient acceptance
when compared to injectable testosterone forms. Different
formulations available in the US have different recommended dosages and application sites. Familiarity with
each testosterone formulation is needed for the prescribing
providers to appropriately administer and monitor efficacy
of transdermal TRT. The patients should also be instructed
properly to exercise caution to minimize adverse effects and
accidental transference.
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