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New Developments In Testosterone Therapy
— a Congress Report*

M. Oettel', J. Buvat?, |. Eardley?, A. Heufelder?, E. Plas®, H. M. Behre®

This congress report summarizes the presentations on the association of metabolic syndrome, testosterone deficiency, erectile dysfunction and
the options of therapy with intramuscular testosterone undecanoate given at the Educational Symposium, “Testosterone Therapy: New Devel-
opments in Sexual Medicine’, held at the 9" Congress of the European Society for Sexual Medicine.

Men presenting with erectile dysfunction might have evidence of the metabolic syndrome and of insulin resistance. One of the conse-
quences of obesity and type 2 diabetes is the promotion of a hypogonadal state also featuring hepatic, skeletal muscle insulin resistance, and
visceral fat deposition. Intramuscular testosterone undecanoate fulfils the criteria for a favorable parenteral system: improved pharmacokinetics
allowing injections four times a year without clinically significant non-physiological peaks or troughs of serum testosterone levels in hypogonadal

men

Identification and treatment of hypogonadism and metabolic syndrome are certainly beneficial for the overall health of the male patient,
and may also benefit erectile dysfunction. ] Reproduktionsmed Endokrinol 2008; 5 (2): 70-5.
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ometimes, progress of the phar-

macotherapy for a given indica-
tion appears to have come to a halt.
The reason for a certain standstill in
testosterone therapy was the fact
that, for a long time, clinically useful
dosage forms were not available.
Oral formulations were insufficiently
active or hepatotoxic while paren-
teral formulations had sub-optimal
pharmacokinetics. Now, the situa-
tion is changing and several suitable
testosterone preparations such as
oral, transdermal, intramuscular or
buccal systems are on the market or
in the pipeline.

Due to the delayed launch of modern
testosterone preparations, there is a
lot of catching up to be done as re-
gards clinical experience and com-
munication of the findings to physi-
cians. What we know now is not yet
enough [1-3]. Therefore, it would
very much welcome if, in the context
of a high-level congress, scientific
educational symposia were organ-
ized to communicate the latest find-
ings on testosterone therapy. The
main topics of the symposium in
Vienna cited below were the rela-
tionships between testosterone and
the metabolic syndrome (MetS) and
between testosterone and erectile
dysfunction (ED) in hypogonadal ED
patients. It is estimated that more

than 300 million men worldwide
will experience ED along with its
psychological and clinical sequelae
[4] in 2025. This indicates the great
importance of curative or preventive
strategies to effectively treat this dis-
order or prevent its development.

Development of Metabolic
Syndrome in Relation to
Male Hypogonadism

As is well known, e.g. from the Mas-
sachusetts Male Aging Study, obesity
in men is associated with decreased
levels of total and free testosterone
[5, 6] and total testosterone nega-
tively correlates with the Body Mass
Index (BMI) and insulin resistance
[7]. Consequently, the correlations
between late-onset hypogonadism
(LOH) and the pre-stages of diabetes
mellitus, obesity, and the metabolic
syndrome are of interest (Fig. 1). The
symptoms of LOH are a reduction in
strength, increase in fat mass and
other changes of body composition,
lack of concentration and fatigue,
sleep disorders, dysphoria/depres-
sion, sweating, osteoporosis, lack
of libido, and ED. A total of 353 phy-
sicians interviewed in Germany,
Spain, the UK, Brazil, Korea, and
Saudi Arabia cited the following
main symptoms of testosterone defi-

Hypo-
gonadism

Metabolic
Syndrome

Figure 1. Schematic representation of the in-
terrelations between hypogonadism, erectile
dysfunction, and metabolic syndrome.

ciency: lack of libido/low sexual
desire (71 %), ED (51 %), fatigue
(39 %), loss of energy (17 %), de-
pression (14 %), loss of muscle mass
(9 %), and of body hair (9 %) [8]. Itis
obvious that these symptoms are re-
lated to disturbances of lipid and car-
bohydrate metabolism such as obes-
ity, metabolic syndrome (MetS) and,
finally, diabetes mellitus type 2.

Some relevant aspects of the patho-
physiology of male visceral fatty tis-
sue are shown in Figure 2. The obese
patient is trapped in a vicious cycle:
obesity and diabetes mellitus type 2
promote a high-insulin, high-leptin,
and high-estrogen state which down-
regulates the hypothalamic GnRH
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pulsatility. One of the consequences
is a hypogonadal state featuring
hepatic and skeletal muscle insulin
resistance and visceral fat deposi-
tion. Low testosterone availability
completes the vicious circle by in-
creasing waist circumference, waist-
to-hip ratio (WHR), leptin and HbA, _
levels and by impairment of visceral
lipolysis and skeletal muscle build-
ing. Hypogonadism appears to be a
common feature of the metabolic
syndrome [10]. Whether hypogonad-
ism develops as a consequence of
the metabolic syndrome or whether
hypogonadism is involved in its pa-
thogenesis is, at present, unclear.
However, there is epidemiological
evidence suggesting that hypogonad-
ism might predict the subsequent
development of the metabolic syn-
drome [11]. Whether impairment of
carbohydrate and lipid metabolism
causes hypogonadism or vice versa,
for therapeutic interventions and
based on our current knowledge, the
question of the causality might be
more or less unimportant for today’s
medical practice.

A. Heufelder presented his so-called
DIMALITE study (Dlabetes MAnage-
ment by Llfestyle and TEstosterone).
The objective of this study was to test
the potential therapeutic effects of
testosterone administration in addi-
tion to exercise and diet in men with
MetS and newly diagnosed diabetes
mellitus type 2 with lower-than-nor-
mal free testosterone levels. A total of
32 men aged between 35 and 70
with MetS and diabetes mellitus type
2 were included, and they followed a
moderate exercise program and
mediterranean diet. Sixteen patients

received additional treatment with
transdermal testosterone (Testogel®
50 mg/day). The exercise and diet
showed the following beneficial
effects (mean): waist circumference
decreased from 107.4 to 102.6 cm
(p < 0.05), HbA,_from 7.6 to 6.8 %
(p < 0.05), triglycerides from 271 to
168 mg/dl (p < 0.05), HDL increased
from 38.6 to 43.7 mg/dl (p < 0.05). In
men who received testosterone in
addition to exercise and diet, the
effects were significantly greater:
waist circumference decreased from
106.8 to 95.7 cm (p < 0.05), HbA,_
from 7.5 to 6.3 % (p < 0.05), tri-
glycerides from 286 to 149 mg/dl
(p < 0.05), HDL increased from 38.2
to 46.5 mg/dl (p < 0.05). In sum-
mary: normalizing testosterone lev-
els in men with MetS and diabetes
mellitus type 2 has additional benefi-
cial effects compared with the basic
therapeutic program of exercise and
diet.

Is there a Link between ED,
Hypogonadism, and Risk Fac-
tors for the Metabolic
Syndrome?

ED is a common medical disorder
that has a negative impact on the
quality of life of millions of men
worldwide. Because penile erection
is a vascular process, risk factors for
ED can be grouped into those that
affect the vascular system and those
that do not. Causes of vasculogenic
ED include diabetes mellitus, among
other things. There is increasing evi-
dence that this disease is associated
with endothelial dysfunction, which

is believed to be one of the earliest
stages of vascular pathologies. It is
correlated with subclinical cardio-
vascular disease and prospectively
associated with an increased risk for
ED [12]. Central obesity, assessed by
several anthropometric indicators, is
associated with the presence of ED
in men > 60 years. Sagittal abdomi-
nal diameter, sagittal abdominal dia-
meter-height index, maximum abdo-
minal circumference, waist circum-
ference, and waist-hip index are use-
ful independent indicators for pre-
dicting the presence of ED [13]. In a
study with 864 men (mean age 52
years), Kaplan et al [14] demon-
strated that aging men with obesity
and the MetS have a significant de-
crease in total serum testosterone
levels compared to aging, metabo-
lically healthy men. These recent
data suggest that the well-established
association between ED and pre-dia-
betes/diabetes (particularly in obese
pre-diabetic/diabetic patients) may
involve a hormonal component.

[. Eardley summarized the current
knowledge about the link between
ED, hypogonadism, and risk factors
for the MetS. Men presenting with
ED might have evidence of the MetS
and of insulin resistance. Further-
more, men with the MetS have a
higher prevalence of ED than con-
trols [15-17]. Finally, it has recently
been suggested that ED might be pre-
dictive of the subsequent develop-
ment of the MetS, especially in men
with BMI < 25 [18]. All three condi-
tions are frequently seen in aging
men. Therapeutically, there is evi-
dence that weight reduction (and
obesity is perhaps the major risk fac-
tor for the MetS) can result in im-
proved erectile function.

Concerning hypogonadism and erec-
tile dysfunction, it has been known
for many years that hypogonadism is
one of the causes of ED. In many
cases, the pathophysiology has been
unclear and has been confused by
the concurrent effects of hypogonad-
ism on sexual desire. However, there
is a suggestion from animal models
that androgens regulate both NOS
(eNOS and nNOS) and PDE5 expres-
sion and the number of adipocytes in
the penis [19-23]. In hypogonadal
ED patients, the therapeutic effi-
ciency of PDES5 inhibitors can be im-
proved by concomitant testosterone
administration [24, 25]. There is also



evidence that, in hypogonadal pa-
tients presenting with ED, testoster-
one-only treatment may restore nor-
mal erectile function [26]. Vice ver-
sa, the restoration of sexual activity
by PDES5 inhibitors in ED patients in-
creases endogenous testosterone as
demonstrated in uncontrolled clini-
cal studies [27].

Taking these lines of evidence to-
gether, the nature of the association
between hypogonadism, MetS, and
ED becomes clearer. Men present
with the symptom of ED, which may
be a feature of both hypogonadism
and/or of the MetS. Identification of
hypogonadism and the MetS is cer-
tainly beneficial for the overall
health of the patient, and may also
be beneficial for ED.

Co-therapy with Testosterone

and PDES5 Inhibitors in Hypo-

gonadal ED Patients: Ration-
ale and Perspectives

Interviews of 353 physicians in dif-
ferent regions and countries revealed
that 12 % of ED patients can be
treated with testosterone alone and
that 13 % of ED patients could ben-
efit from a combination therapy of
testosterone plus PDE5 inhibitors [8]
(Fig. 3). What is the scientific back-
ground for these therapeutic options?

J. Buvat gave a review of co-therapy
with testosterone and PDE5 inhibi-
tors in hypogonadal ED patients. ED
and hypoactive sexual desire are key
symptoms of severe organic hypo-
gonadism in young patients, and

testosterone  therapy consistently
restores erectile function and libido
in such cases. On the other hand, the
prevalence of hypogonadism is sub-
stantial in men consulting for ED
(serum testosterone level <3 ng/ml
or 10.4 nmol/l in 12 %, including
14.7 % beyond the age of 50). A re-
cent meta-analysis by Isidori et al
[29] combined 17 randomized con-
trolled trials on the effects of testo-
sterone therapy on sexual function
of hypogonadal men of any age. A
significant improvement of all as-
pects, including erectile function
and sexual desire, was found in men
with low normal testosterone lev-
els (<3.46 ng/ml or 12 nmol/l). Al-
though these data suggest a signifi-
cant benefit of testosterone therapy
on erectile function of men with
marked or moderate hypogonadism,
the effects of this treatment have of-
ten been disappointing in middle-
aged and elderly patients consulting
for ED, who were subsequently diag-
nosed with hypogonadism following
routine testosterone determination.
A compilation of eight observational
studies totaling 259 patients (serum
testosterone < 3 ng/ml) concluded
that testosterone therapy definitely
improved erectile function in only
36 % of cases.

There are several possible explana-
tions for these relatively disappoint-
ing results. The most relevant is the
frequent multifactoriality of ED.
Significant vascular factors such as
obstruction of the penile arteries or
veno-occlusive  dysfunction have
been found in up to 42 % of hypo-
gonadal ED patients [30]. More sub-
tle vascular alterations such as endo-

PDES inhibitor
monotherapy
66 %

Others 6%

Testosterone
monotherapy
12 %

Testosterone therapy +
PDES5 inhibitor
13 %

Caverject

3%

Figure 3. Therapeutic Options for ED patients; 353 physicians interviewed in Germany, Spain,
the UK, Brazil, Korea, and Saudi Arabia. Reprint with permission from [28].

thelial dysfunction may be present in
many other cases, as shown by the
frequent association of both ED and
hypogonadism with vascular risk fac-
tors such as obesity and diabetes
[31]. In a study of diabetic ED pa-
tients, hypogonadism was associated
with a greater deterioration of penile
arterial function as shown by penile
duplex ultrasound (PDU). These vas-
cular co-morbidities are likely to
hamper the effects of testosterone
therapy in hypogonadal patients
consulting for ED [32, 33].

Due to the failure of testosterone
therapy in certain hypogonadal ED
patients, phoshodiesterase type V
(PDE5) inhibitors were tried in those
patients not responding to testoster-
one alone and they proved to be suc-
cessful. These drugs were also inves-
tigated in hypogonadal ED patients,
but proved to be unsuccessful in a
substantial proportion. Several ob-
servational studies reported low and
low-to-normal testosterone levels in
30-40 % of ED patients not respond-
ing to sildenafil, which appears to be
a higher prevalence than in unse-
lected ED patients. This led to the hy-
pothesis that a minimum serum tes-
tosterone level may be required for a
full effect of PDE5 inhibitors in ED
patients. Several uncontrolled stud-
ies of hypogonadal ED patients who
were previous non-responders to sil-
denafil or tadalafil, and who reported
improved response in 52-92 % fol-
lowing a combination with testoster-
one supplementation, support this
hypothesis to some extent [34, 35].
Guay et al [36, 37] found that the
success rate of sildenafil was inversely
related to free testosterone levels. In
diabetic men, the serum testosterone
levels of non-responders were lower
than those of responders (6.9 vs
18.6 nmol/l). 70 % of non-respond-
ers improved on additional treatment
with testosterone undecanoate [38].
Rosenthal [39] showed that in 27 %
of non-responders to sildenafil, the se-
rum testosterone level was < 4 ng/ml.
92 % of these patients improved fol-
lowing combination with testoster-
one (T) gel. The therapeutic efficiency
of PDES5 inhibition in non-respond-
ers to tadalafil was improved after
combination with T gel. The combi-
nation was more effective than testo-
sterone gel alone [40].

However, more convincing argu-
ments may be found in the results of



basic experiments in animals, and in
some better designed clinical trials in
men. Studies in rodents show indeed
that, besides its well-known effects
on the brain centers of sexual func-
tion, testosterone plays a key role in
the peripheral modulation of erectile
function. It is first required for main-
tenance of penile structure and func-
tional integrity [41]. In addition, tes-
tosterone modulates both endothe-
lial and neuronal nitric oxide syn-
thase expression in erectile tissue,
and, therefore, the capacity for NO
production and cGMP formation
which are testosterone-dependent
[42, 43]. Testosterone relaxes pre-
contracted smooth muscles via an
endothelium- and NO-mediated
pathway. This effect is mediated via a
non-genomic pathway [44]. More-
over, testosterone also modulates the
expression of the PDE5 enzyme in
the corpora cavernosa. Castration re-
duces the activity of PDE5 while
testosterone treatment up-regulates
it [45]. Castration results in veno-
occlusive dysfunction and ED [46]
and decreases erectile response
to electrostimulation [47]. Hence,
medical or surgical castration pre-
vents the enhancing effect of PDE5
inhibitors on erections induced by
electrostimulation of the cavernous
nerves, and re-administration of tes-
tosterone restores it [22, 26, 43].
Taken together, in animal models,
normal androgen levels appear to be
a prerequisite for proper functioning
of PDE5 inhibitors.

Until now, there has been no defini-
tive demonstration of such a critical
impact on the mechanisms of erec-
tion in human males. However, there
are androgen receptors in the human
corpora cavernosa [48] and some re-
cent studies suggest that androgens
may modulate the vascular mecha-
nisms of erection in men as well. Tes-
tosterone also modulates PDE5 in
human penile tissue [22]. Peak systo-
lic velocity (PSV) measured at the
level of the cavernosal arteries fol-
lowing intracavernosal injection of
PGE1 in ED patients with severe
hypogonadism (serum testosterone
<2 ng/ml) and no other co-morbid-
ity, especially vascular, was found to
be significantly lower than in a con-
trol group of psychogenic ED pa-
tients and increased to the range of
the latter group following testoster-
one therapy for 6 months [49].
Aversa et al [50] found a highly sig-

nificant correlation between the
resistive index and the serum value
of free testosterone based on PDU of
the cavernosal arteries. In another
study of 20 arteriogenic ED patients
with low normal testosterone not
responding to sildenafil, testosterone
supplementation significantly en-
hanced the acceleration effect of
sildenafil on PSV measured in the ca-
vernosal arteries [51]. Lastly, Morelli
et al [22] have shown that the ex-
pression of PDE5 may be at least
partly testosterone-dependent in hu-
mans.

As regards clinical studies testing the
hypothesis that a minimum level of
serum testosterone is required for a
complete restorative effect of PDE5
inhibitors in ED patients, it is first
clear that PDE5 inhibition therapy
may improve erections in certain ED
patients. Rochira et al [52] demon-
strated that sildenafil may normalize
sleep-related erections of men with
very low levels of testosterone. Prior
to that report, there was consent that
sleep-related erections are solely an-
drogen-dependent (for review see
[53]). Nevertheless, combining testo-
sterone therapy with sildenafil re-
sulted in an even greater enhancing
effect on the erections. Conversely,
PDE5 inhibitors fail in other hypo-
gonadal ED patients. In a study of
men with severe hypogonadism and
no apparent cause for ED, sildenafil
failed to improve the erectile re-
sponse to visual sexual stimulation
as it did in psychogenic and eu-
gonadal ED patients. Its enhancing
effect on erectile response was re-
stored following testosterone substi-
tution.

The responsibility of hypogonadism
for the failure of PDE5 inhibition
therapy in certain cases is also made
more plausible by two randomized
placebo-controlled trials. Aversa et
al [51] studied 20 ED patients with
low normal testosterone who did not
respond to sildenafil. Testosterone
co-medication significantly increased
arterial inflow to the cavernous bod-
ies in response to sildenafil, as well
as the scores for the erectile function,
intercourse satisfaction, and overall
satisfaction domains of the Interna-
tional Index of Erectile Function
(IIEF) in these patients versus pla-
cebo. On the other hand, Shabsigh
et al [24] investigated 75 ED patients
with total testosterone <4 ng/ml

who were also non-responders to
sildenafil. After 4 weeks of combined
treatment with sildenafil plus testo-
sterone gel, the scores for the IIEF
domains erectile function, orgasmic
function, and overall satisfaction, as
well as the number of patients re-
porting that the gel improved their
response to sildenafil, were signifi-
cantly higher than in the sildenafil
plus placebo group. However, the
differences between the two groups
lost statistical significance at 8 and
12 weeks. These studies tend to sup-
port the possibility that a minimum
threshold of serum testosterone is re-
quired for a complete effect of PDE5
inhibitors in certain patients, but this
hypothesis still needs confirmation
in larger studies such as the one
completed in June 2007.

In conclusion, hypogonadism is a
potential etiological factor often
present in ED patients, at least those
older than 50. It is often associated
with vascular factors likely to ham-
per the effect of testosterone therapy.
Nevertheless, there are important
benefits to routine screening for
testosterone deficiency. Achieving
physiologic levels of testosterone
is one of the rare opportunities for
restoring spontaneous erections and
preventing patients from having to
meticulously plan sexual activity.
In addition, providing testosterone
therapy may restore sexual desire
and improve other symptoms asso-
ciated with hypogonadism, includ-
ing lack of energy and mood dis-
turbances. Lastly, a threshold level
of serum testosterone may be re-
quired for a full efficacy of PDE5
inhibitors. Therefore, serum testo-
sterone should be assayed if an ED
patient does not respond satisfacto-
rily to PDE5 inhibitors. If the level is
low or low normal (<4 ng/ml or
14 nmol/l), combining testosterone
therapy with PDE5 inhibition for at
least 2 months is recommended. But
if a low testosterone level is found
and confirmed at initial assessment,
it is more logical to start with a trial
of testosterone therapy alone for 2
or better 3 months, and to add a
PDE5 inhibitor only if testosterone
treatment alone fails. In the final in-
stance, combined therapy with testo-
sterone and PDE5 inhibitors is often
indicated in middle-aged and elderly
ED patients and is clearly a big step
forward in the treatment of their con-
dition.



Safety, Efficacy, and Sexual
Benefits of Long-acting,
Injectable Testosterone

Undecanoate in Men with
Low Testosterone Levels

The progress in the development of
modern testosterone formulations is
illustrated by the example of intra-
muscular testosterone undecanoate
(TU, Nebido®). It was found that the
terminal elimination half-lives (d) for
the different intramuscular testoster-
one esters are 0.8 for testosterone
propionate, 4.5 for testosterone
enanthate, 20.9 for testosterone un-
decanoate dissolved in tea seed oil,
and 33.9 for testosterone unde-
canoate dissolved in castor oil [54].
Under the leadership auspices of H.
Behre, an open-label, prospective,
multicenter, one-arm study was per-
formed to evaluate intramuscular TU
for treatment of hypogonadal men
under conditions resembling real-life
situations as closely as possible (e.g.
variable injection intervals, mini-
mum selection of patients). Men with
hypogonadism aged 18-75 vyears
with total testosterone serum levels
<10nmol/l and no contraindica-
tions for testosterone therapy were
included. A total of 161 patients
were screened and 96 included. A
group of 87 patients (90.6 %) re-
ceived all 6 injections. An amount of
1000 mg TU was given at individu-
ally adjustable loading intervals of
6-10 weeks between the first 2 injec-
tions and maintenance intervals of
10-14 weeks (total: 6 TU injections).
The mean injection interval (weeks +
SEM) between the 15t and 2" injec-
tion was 7.7 + 0.3, and between the
5t and 6™ injection 11.3 = 0.2. The
study included 96 men (age 48.6 +
12.7 vyears [mean = SDJ; height
178.85 = 7.84cm; body weight
93.33 + 15.71 kg BMI 29.22 =+
4.80 kg/m?). Trough concentrations
of total testosterone (regarded as an
indicator of the adequacy of substitu-
tion) increased from 5.60 + 3.30 at
baseline to 13.9 + 0.5 nmol/l at the
end of the study. Median values for
trough testosterone after the 2" TU
injection were 12-13.25 nmol/l. The
mean serum PSA  concentration
of 0.82 + 0.08 ng/ml at screening
increased moderately to 1.23 =
0.14 ng/ml after the 6" TU injection.
At the time of the 5" TU injection,
75 % of the patients had PSA values
<1.40 ng/ml (3 quartile). At the

time of the final examination, the 31
quartile was 1.5 ng/ml. The total
prostate volume (ml + SEM) assessed
by transrectal sonography increased
slightly from 20.7 + 1.2 at baseline to
22.6 + 1.4 atthe end of the study. The
proportion of patients with elevated
HbA, (normal range: 4.3-6.1 %)
dropped from 23.5 to 12.5 %. All
physical examinations and standard
safety laboratory tests confirmed the
safety of TU. Assessment of the inten-
sity of androgen-deficiency symp-
toms by means of the AMS (Aging
Males’ Symptoms rating scale) re-
vealed an improvement of the score
for sexual symptoms from 13.2 £ 5.0
before treatment to 8.2 + 3.3 at the
end of the study. 92.5% (n = 87)
of the patients were satisfied, 2.1 %
(n = 2) were neither satisfied or dis-
satisfied, and 3.2 % (n = 3) were dis-
satisfied. In conclusion, intramuscu-
lar testosterone undecanoate fulfils
the criteria for a favorable parenteral
system: improved pharmacokinetics
allowing injections 4 times a year
without clinically significant non-
physiological peaks or troughs of se-
rum testosterone levels in hypo-
gonadal men. The formulation ap-
pears to be a safe and efficient drug
for the treatment of male hypogonad-
ism under real-life conditions.
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