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ABSTRACT

New treatment modalities for testosterone deficiency have evolved, such as the gels and the long-acting paren-
teral testosterone undecanoate (TU). Both fulfill the criteria of adequate androgen therapy, have proven to be 
effective in ameliorating sexual functions in young and elderly men, and are safe. Their mode of administration 
could not be more divergent; the gel requires daily application, but TU is administered every 12 weeks intramus-
cularly. A patient receiving long-acting TU being at higher risk when diagnosed with prostate carcinoma than 
one being treated with a gel is no longer believed, because the delay between diagnosing and treating prostate 
carcinomas almost always exceeds the duration of action of TU, which is 12 to 14 weeks. So, TU appears to be a 
viable alternative to the gels and will be preferred by many patients as a lesser interference with their daily lives.

Abbreviations: TU: Testosterone Undecanoate; DHT: 5-Dihydrotestosterone; ED: Erectile Dysfunction; IIEF: In-
ternational Index of Erectile Function

Introduction
For androgen deficiency, testosterone therapy aims to replace 

physiological actions of endogenous testosterone by steadily main-
taining physiological blood levels of testosterone [1,2]. Testosterone 
replacement is often a life-long therapy, because many of its under-
lying etiologies are generally irreversible. The consequence is that 
life-long androgen treatment is required. Patient compliance with 
life-long androgen administration depends on convenient pharma-
ceutical formulations that ensure continuity of androgen administra-
tion. Experts agree that the major goal of testosterone substitution is 
“to replace testosterone levels at as close to physiologic concentra-
tions as is possible” [1,2]. Testosterone, naturally produced by the tes-

tis, is also generally accepted as the best androgen for substitution in 
hypogonadal men. The reason behind the selection is that testoster-
one can be converted to 5-dihydrotestosterone (DHT) and estradiol, 
thus developing the full physiological spectrum of testosterone activi-
ties in long-term substitution, and that, unlike some of the chemically 
modified androgens (17 methyltestosterone), it is not toxic. Testos-
terone compounds have been available for almost 70 years, but the 
pharmaceutical formulations have been less than ideal [1,2]. But over 
the past two decades, two testosterone formulations have been devel-
oped that largely meet the above specified requirements for testoster-
one treatment: the transdermal testosterone gel and the parenteral 
long-acting testosterone undecanoate (TU). This review discusses 
their profiles and their merits and disadvantages.
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Testosterone Gel
Testosterone gel is 1% hydro-alcoholic (10 mg of testosterone 

per gram of gel) and administered between 5 and 10 g of gel per day, 
amounting to 50 and 100 mg testosterone applied to the skin. The 
pharmacokinetics of testosterone gel have been extensively studied 
[3,4]. Serum testosterone levels rose two- to three-fold 2 hours af-
ter application and rose further to four- to five-fold after 24 hours. 
Thereafter, serum testosterone remained steady in the upper range of 
normal [4]. Mean DHT levels followed the same pattern as testoster-
one and were at or above the normal adult male range. Serum estra-
diol levels rose and followed the same patterns as testosterone. Later 
studies showed that 9% to 14% of the testosterone administered is 
bioavailable. Steady state testosterone levels are achieved 48 to 72 
hours after the first application [5]. The formulation of the testoster-
one gel allows easy dose adjustments (50, 75, 100 mg of testoster-
one gel) [6]. The clinical efficacy of transdermal testosterone gel on 
various androgen-dependent target organ systems has been very well 
documented [6,7]. The safety profile showed that prostate-specific 
antigen levels rose in proportion to the increase of testosterone levels 
but did not exceed normal values. Skin irritation was noted in 5.5% 
of patients in the study [6]. Four years ago, a new testosterone gel 
preparation was introduced, and profiles of pharmacokinetics, clini-
cal efficacy, and safety are largely identical with the existing testoster-
one gels [8,9]. The value for restoring sexual functions in hypogonad-
al men receiving treatment with testosterone gel is well documented 
[5,6,8-10]. A recent study shows the adjunctive role of testosterone 
gel with sildenafil [11].

Parenteral Testosterone Preparations
Conventional parenteral testosterone preparations are far from 

ideal, even for young hypogonadal males. Plasma testosterone levels 
fluctuate strongly following administration [12]. The most widely 
used pharmaceutical forms are the intramuscularly administered hy-
drophobic long-chain testosterone esters in oily depot. Testosterone 
enanthate and cypionate, at a dose of 200 to 250 mg per 2 weeks, 
are the common formulations. They yield transient supraphysiologic 
levels the first 2 to 3 days after injection, followed by a steady decline 
to sub physiologic levels 4 to 6 days prior to the next injection if the 
injection interval is 2 weeks and proportionally longer if the injection 
interval is 3 weeks [12]. These fluctuations in testosterone levels are 
experienced by some of the patients as unpleasant and accompanied 
by changes in energy, libido, and mood. This phenomenon is known 
as the ‘roller coaster effect.’ The transient supraphysiologic levels may 
increase the frequency of side effects, such as polycythemia [13,14].

Long-Acting Parenteral TU
Parenteral Testosterone Undecanoate 1000 mg, is a new treat-

ment modality for androgen therapy. The active pharmacologic 
principle of TU is the unmodified testosterone molecule itself. The 
kinetics for side-chain cleavage of the saturated aliphatic fatty acid 

undecanoic acid (with 11 carbon atoms) turn out to be considerably 
longer, permitting much longer injection intervals [15-17]. At the 
same time, the supra- or sub physiologic serum testosterone levels, so 
characteristics of the traditional testosterone esters are not observed 
[16,18,19]. Because of a few studies [15-18]. The administration regi-
men recommended for TU therapy in hypogonadal men is as follows: 
after the first injection of 1000 mg of TU, the second is to be admin-
istered 6 weeks later (loading dose), followed by injections every 12 
weeks. An individualization of the TU therapy is recommended [17]. 
Intervals adjustment should be considered according to testoster-
one level before the fourth injection. When the testosterone level lies 
between 10 and 15 nmol/L (290–430 ng/dL), the injection interval 
should be once every 12 weeks. When testosterone currently is lower 
than 10 nmol/L (290 ng/dL), the injection interval is once every 10 
weeks. With the testosterone level greater than 15 nmol/L (430 ng/
dL), the injection interval should be extended to once every 14 weeks. 
Additionally, clinical symptoms should be taken into consideration to 
optimally adjust injection intervals with TU therapy [20]. 

The loading dose of TU achieved by the first two injections with 
an interval of 6 weeks is also recommended for patients who\ are be-
ing transferred from short-acting testosterone injections (e.g.  250 mg 
of testosterone enanthate) to treatment with long-acting TU. The at-
traction of TU lies in the long duration of action. After adequate load-
ing, most patients are well substituted with administration every 12 
weeks. Further, the resulting plasma testosterone levels are almost 
always in the physiological range, so the roller coaster effect is rarely 
experienced by patients. Also, side effects of supraphysiologic testos-
terone levels, such as polycythemia [18,19], are only rarely observed. 
The natural metabolites of testosterone, estradiol and DHT are also in 
the normal range of adult men. Long-term experience up to more than 
8 years with TU in 22 hypogonadal men was studied [17]. Individual 
dosing intervals ranged from 10 to 14 weeks. Serum trough levels of 
testosterone, measured immediately before the new injection, were 
generally within the low-normal range, indicating sufficient substi-
tution over the total injection interval. In contrast with short-acting 
testosterone esters, sensations of fluctuations in androgen serum 
concentrations were rarely observed. If this was the case, it occurred 
during the last 2 weeks before the next injection, indicating loss of 
androgenic psychotropic effects.

Revival of Testosterone for Treatment of Erectile 
Difficulties

When testosterone became pharmaceutically available, systemic 
studies were undertaken to define more precisely the role of testos-
terone in a man’s sexual functioning. The early observations led to 
the belief that androgens primarily had effects on libido or motivation 
[20,21]. The influence on the penis was thought to be indirect through 
the effects on libido, rather than direct on penile tissues. Consequent-
ly, androgens were assumed not to be very therapeutically useful for 
men with erectile difficulties and unimpaired sexual desire, which 
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was specifically the reason for medical consultation for many men. 
Another reason why testosterone was not regarded as a therapeutic 
option in men with erectile dysfunction (ED) was the finding that 
the blood level of testosterone critical for restoring sexual interest, 
though varying between individuals, appeared to be 60% to 70% 
of the reference values for eugonadal men [22]. These observations 
were made in men with a wide range of ages. Consequently, additional 
testosterone was assumed likely to be of no help in men with ED and 
low-normal or slightly lower than- normal androgen levels, as is com-
mon in elderly population. This agreed with the clinical experience 
of many practitioners. When the PDE5 inhibitors were introduced in 
1998, patients who had failed to respond to androgen or other types 
of treatment could now be successfully treated. 

The success of the PDE5 inhibitors rendered androgens as treat-
ment for erectile problems as something of the past, which seemed 
rational in view of the assumption that the primary effects of testos-
terone were on libido (i.e., on the central nervous system), and fur-
ther that lower-than-normal circulating levels of testosterone were 
sufficient to exert that function, which is no longer tenable. However, 
based on their vast clinical experience, Schiavi and Rehman [22] hy-
pothesized that the threshold for the biologic actions of testosterone 
might be higher in elderly men, compared with young men. Their 
hypothesis was recently convincingly and experimentally confirmed 
by Gray et al. [23], who showed that in elderly men, libido and erec-
tile function respond only to higher levels of circulating testosterone 
when compared with those of younger men. New research has pre-
sented convincing evidence, so far mainly in laboratory animals, that 
testosterone has profound effects on tissues of the penis involved in 
the mechanism of erection, and that testosterone deficiency impairs 
the anatomic and physiologic substrate of erectile capacity [24]. Re-
storing plasma testosterone to normal is now widely believed to be 
beneficial in the treatment of ED. The full therapeutic potential of 
PDE5 inhibitors will only manifest in a eugonadal state. The above 
provides some alterations of the earlier beliefs that the effects of tes-
tosterone are primarily and predominantly exerted on libidinous as-
pects of the male and not directly on the penis. 

Animal experiments and human observations suggest that andro-
gens are necessary to maintain the integrity of the anatomic struc-
tures of the penile erectile tissue, and further that androgens are 
significant in the biochemical mechanisms subservient to penile erec-
tion [25]. Animal studies now provide ample evidence that androgen 
deprivation produces changes in the histological properties of penile 
structures. The dependence of PDE5 on androgens in the muscular 
and endothelial compartment of the corpus cavernosum has been 
confirmed in the rat but also in human tissue [26,27].

Studies on Treatment of Hypogonadal Men
With Sexual Dysfunctions with TU 

Our studies with TU have mainly focused on the elderly male. Our 

studies have focused on the potential benefits of restoring plasma 
testosterone levels to normal for sexual functioning and the potential 
effects of normalization of plasma testosterone on penile dysfunction, 
such as venous leakage. In a recent study, the effects of restoring tes-
tosterone levels to normal with long-acting TU were investigated in 22 
hypogonadal men (mean age, 58 years) with complaints of low sexual 
desire and ED [27]. Fifteen patients had serum testosterone below 6.9 
nmol/L (200 ng/dL) and seven patients between 7.2 and 11.7 nmo-
l/L (210–337 ng/dL), with normal values greater than 12.0 nmol/L 
(345 ng/dL), and significant comorbidities occurred. The duration 
of sexual complaints was on average 3.8 years. In all patients, serum 
testosterone levels were restored to normal within 6 to 8 weeks fol-
lowing the administration of TU. Twelve patients reported significant 
improvement in the sexual desire domain of the International Index 
of Erectile Function (IIEF), from 4.5 to 8.4, and experienced an im-
provement in the erectile function domain, from 12 to 25 (questions 
1–5 plus 15), following treatment with this long-acting testosterone. 
The remaining 10 patients reported an improvement in sexual desire 
(from 4.5 to 7.5) but no significant improvement in erectile function 
(from 12 to 14). No changes in serum prostate-specific antigen or 
prostate volume were noticed in patients receiving this long-acting 
testosterone preparation. 

Restoring testosterone levels to normal in men with proven sub-
normal testosterone levels appeared to improve libido in most sub-
jects and erectile function in more than 50% of these men. An import-
ant clinical observation was that it may take 12 to 24 weeks before the 
effects of testosterone becomes manifest, so treatment with testos-
terone must not be regarded as unsuccessful after too short periods 
of administration. This encouraged us to extend our observation to 
a larger group of 771 patients consulting for ED. The average peri-
od they had experienced ED was 3.6 years. Blood tests included total 
testosterone, DHT, lipid profile, blood glucose and hemoglobin A1c, 
as well as prostate specific antigen. A total of 141 patients turned out 
to be hypogonadal men (18.3%; mean age, 56 years). Their baseline 
testosterone levels were 190 ± 50 ng/dL (6.7 ± 1.7 nmol/L). Of these 
141 men, 122 received intramuscular injections of long-acting TU at 
day 1, again after six weeks, and thereafter trimonthly and were pro-
spectively evaluated for a mean of 5 months (3–11 months). Digital 
and sonographic examinations of the prostate were performed every 
3 months. Sexual functions were assessed using the several domains 
of the IIEF, at baseline and after 12 weeks of testosterone adminis-
tration. No patient dropped out of the study during this period. No 
patient reported irritation or pain in the gluteal injection area or any 
other adverse events.

 Of the total of 122 patients following treatment for at least 12 
weeks, 71 patients reported significant improvement in the sexual 
desire domain (main value, 4.5 to 8.0), and in the erectile function 
domain from 12 to 25 The remaining 51 patients who had ED longer 
than 7 years reported an improvement of sexual desire but no signif-
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icant improvement in the erectile function domain, despite the fact 
that their testosterone values were normalized (460 ± 50 ng/dL or 
15.9± 1.7 nmol/L). All subjects are still follow-up. No significant al-
terations in prostate parameters have been noticed so far [27]. These 
results confirmed that testosterone-only therapy restored erectile 
function in the majority of the hypogonadal patients of this group, 
particularly in patients whose complaints of ED had not been long-
standing. The success of testosterone treatment is less in men with 
comorbidities, but significant improvements have been observed in 
the latter men. These results suggest that testosterone should be con-
sidered more often as first line therapy in hypogonadal men and in 
elderly men. In case the treatment with testosterone is not successful, 
PDE5 inhibitors or the combination of PDE5 inhibitors with testoster-
one might be helpful. Within the observation period, we did not see 
any side effects of testosterone administration [27]. We have further 
examined the role of testosterone on the anatomic and functional in-
tegrity of penile structures. A 56-year-old man with diabetes mellitus 
type II and metabolic syndrome had complaints of severe ED because 
of venous leakage, confirmed by Pharmaco-cavernosography. 

He was also testosterone deficient (180 ng/dL or 6.2 nmol/L). 
Upon testosterone administration, his erectile function improved 
dramatically. After 3 months, repeated cavernosography showed no 
more venous leakage [28]. This led us to extend our observations to 
a group of 12 hypogonadal men with low plasma testosterone and 
moderate to severe ED. Comorbidities were diabetes mellitus type I or 
II, metabolic syndrome with hypertension, dyslipidemia, obesity, or a 
combination. Oral PDE5 inhibitor therapy had failed to improve their 
erectile function. Each patient underwent baseline dynamic infusion 
pharmacocavernosometry and cavernosography, revealing various 
degrees of corporal Veno occlusive dysfunction. The patients under-
went treatment with injectable TU. Dynamic infusion pharmacocav-
ernosography was repeated in all 12 patients after at least 3 months 
of treatment. Five of the 12 patients reported significant improve-
ment in erectile function within 12 to 20 weeks of androgen treat-
ment. Compared with baseline pharmacocavernosography, repeat 
radiologic studies in patients who reported improvement in erectile 
function no longer showed venous leakage, with veins draining the 
corporal bodies. The patients who responded to androgens also noted 
improvement in sexual desire domain (IIEF scores increased from 4 
± 0.7 to 8 ± 0.3) and erectile function domain (IIEF scores increased 
from 6 ± 2 to 24 ± 1) [29]. 

These observations were in a limited series of cases, but they sug-
gest that testosterone improves erectile function in hypogonadal pa-
tients by restoring Veno occlusive function in patients who had earlier 
not responded to PDE5 inhibitors and alprostadil injections [29]. 

Long-Acting TU and the Prostate
This preparation is arguably less suitable for initiation of testos-

terone treatment of aging men [30]. The long duration of action may 

constitute a problem in case an intercurrent prostate malignancy 
is diagnosed. Experienced urologists have pointed out that reason-
able delay after diagnosing prostate cancer and its therapy until 12 
weeks does not affect treatment outcome [31]. In addition, current 
recommendations for administration of testosterone to elderly men 
advocate initial follow-up at 3-month intervals for the first year [32], 
which fits very well into the schedule of TU injections. In the hypo-
thetical case that a tumor is discovered, further treatment should be 
discontinued, and the use of antiandrogen may be considered. After 
the first uneventful year of androgen administration, administering 
long-acting testosterone preparations to elderly men seems reason-
able.

Risks of Interpersonal Transfer of Dermal 
Testosterone

Three reports (a total of five children) of inadvertent transfer of 
dermal application of testosterone from father to child have been 
published [33]. Considering the degree of virilization of these chil-
dren, the degree and duration of exposure must have been substan-
tial. Transfer from one person to another was found to be insignificant 
[34]. No increase of serum testosterone was found after intense rub-
bing of skins of a person who had applied testosterone gel with other 
persons whose endogenous testosterone levels had been suppressed 
[35]. Washing the skin 10 minutes after application of testosterone 
gel did not influence the pharmacokinetic profile, and this was inter-
preted as to significantly reduce the risk of contamination of female 
partners or infants [35].

The Role of Intramuscular Testosterone Injection in 
the Gel Era

The introduction of testosterone gels has been a major innova-
tion of treatment with testosterone. Many of the disadvantages of 
traditional parenteral testosterone esters can be bypassed, such as 
the strong fluctuations strongly following administration [13,14] of 
the transient supraphysiologic levels during the first 2 to 3 days af-
ter injection, followed by a steady decline to sub physiologic levels 4 
to 6 days prior to the next injection, which has been experienced by 
some of the patients as unpleasant and accompanied by changes in 
energy, libido, and mood (roller coaster effect). The transient supra-
physiologic levels may increase the frequency of side effects, such as 
polycythemia [16,18,19].

For more information on the effect of TTh on different organ sys-
tems and/or prevention even in older men, we can refer to the recent 
published literature in this concern [36-40]. For the question: how 
long should TTh continue? Data suggest that interruption could cause 
recurrence in symptoms and signs of hypogonadism. So researchers 
agree to continue as lifetime treatment such as with Thyroxine or In-
sulin [41].
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Conclusions
Parenteral TU is a new treatment modality for androgen therapy. 

Two of its distinctive features are its prolonged duration of action. 
After two initial loading injections 6 weeks apart, as a rule, only one 
injection every 12 weeks is needed. Over the full interval between two 
injections, plasma testosterone levels are in the physiological range. 
Several studies have documented its use in hypogonadal men. Paren-
teral TU has none of the problems associated with the traditional par-
enteral testosterone esters and has all advantages of the testosterone 
gels. The infrequent administration of parenteral TU is an asset: four 
injections per year after the initial loading doses. This feature must be 
set against the daily application of the gel, which is time consuming 
and possibly difficult to integrate into the daily routine, particularly 
when traveling when a few testosterone gel sachets must be carried. 
TU is an infrequent reminder of the state of testosterone deficiency, 
which may be an advantage for the psychology of the patient. In our 
view, the safety aspects of parenteral TU do not need to be questioned 
more seriously than testosterone gels. According to our clinical expe-
rience, patients may be opinionated about the mode of administra-
tion and make idiosyncratic choices in treatment. Both options are 
available and serve patients well.
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