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ABSTRACT: This paper reports the result of an open-label, non-
randomized clinical trial investigating the efficacy and safety of an
injectable preparation of testosterone undecanoate (TU) dissolved
in castor oil and given over a 3.2-year period. In a previous study
we demonstrated that injections of TU every 6 weeks resulted in
satisfactory substitution but a tendency toward testosterone accu-
mulation. Here we investigate prolonged TU treatment at extended
injection intervals in 7 hypogonadal men. Injections were given at
gradually increasing intervals between the fifth and 10th injection,
and from then on every 12 weeks. Steady state kinetics were ob-
tained after the 13th injection. Well-being, sexual activity, clinical
chemistry, prostate volume, and prostate-specific antigen (PSA) and
serum hormone levels were monitored. Patients were clinically well-
adjusted throughout the study. Before the next injection, testoster-
one, dihydrotestosterone, and estradiol levels were mostly within the

normal range and showed a tendency to decrease with increasing
injection intervals. Body weight, hemoglobin, serum lipids, PSA, and
prostate volume did not change significantly during the 3.2 years of
treatment. PSA levels were always within the normal limit. Maximal
testosterone levels during steady state kinetics were measured after
1 week with 32.0 = 11.7 nmol/L (mean = SD). Before the last in-
jection, mean testosterone concentrations were 12.6 = 3.7 nmol/L.
Compared with conventional testosterone enanthate or cypionate
treatment requiring injection intervals of 2—-3 weeks and resulting in
supraphysiological serum testosterone levels, injections of TU at in-
tervals of up to 3 months offer an excellent alternative for substitution
therapy of male hypogonadism.
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estosterone preparations have been in clinical use for

substitution of male hypogonadism for more than a
half century. However, only within recent years has the
choice of different delivery forms increased. The newly
developed transdermal preparations having short half-
lives are predominantly tailored for therapy of senescent
men (Nieschlag, 1998). For substitution of younger hy-
pogonadal men and for hormona male contraception,
long-acting substances are more desirable. Therefore, the
development and first clinical uses of injectable testoster-
one buciclate (Behre et al, 1995) and testosterone unde-
canoate (TU; Partsch et al, 1995; Zhang et a, 1998; Behre
et al, 1999a) attracted much attention.

Six-week injections of 1000 mg TU in 4 mL castor ail
resulted in well-maintai ned androgen-dependent functions
without serious side effects (Nieschlag et al, 1999). How-
ever, after 4 injections, a tendency toward a gradual in-
crease in testosterone level s was observed, suggesting that
prolongation of application intervals should be possible.
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In the present paper we report the results of continued
substitution therapy with TU in 7 hypogonadal men, and
explore the efficacy and safety of injection intervals of
up to 12 weeks, for a total period of 3.2 years.

Materials and Methods

Patients

Seven men with primary or secondary hypogonadism aged 20
to 57 years, who had already participated in the first trial with
6-week injections of TU agreed to receive continuing treatment.
Inclusion and exclusion criteria to enroll patients for TU treat-
ment have been described previously (Nieschlag et al, 1999).
Prolongation of the initial study protocol was approved by the
ethics committee of the university and the State Medical Board,
Munster. Written informed consent was obtained from subjects.
Rules for clinical studies as provided by the Declaration of Hel-
sinki and the standards of good clinical practice were followed.

Five patients entering the follow-up phase had primary hy-
pogonadism, and 2 had secondary hypogonadism. The limit of
serum testosterone for establishing the diagnosis of hypogonad-
ism in our institute is 12 nmol/L. Diagnosis and the previous
mode of substitution are given in Table 1. Two men had previ-
oudly participated in the initial study comparing the pharmaco-
kinetics of TU dissolved in either tea seed (** Chinese prepara-
tion”) or castor oil (Behre et a, 1999a).
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Table 1. Clinical characteristics of patients entering the follow-up phase of substitution therapy with 1000 mg TU

Patient Diagnosis Age ()t Treatment (before TU)t
1 Bilateral orchidectomy due to seminoma 37 TE 250 mg/4 weeks
2 Bilateral testicular atrophy due to cryptorchidism 19 None
3 Bilateral orchidectomy due to seminoma 49 TE 250 mg/2.5 weeks
4 Bilateral orchidectomy due to seminoma 37 None
5 Hypopituitarism (postcraniopharyngeoma) 57 TE 250 mg/3 to 4 weeks
6 Bilateral orchidectomy due to seminoma 31 TE 250 mg/2 to 4 weeks
7 Hypogonadotropic hypogonadism (ectopic neurohypophysis) 29 TE 250 mg/4 weeks

* Patients who had already participated in the study on comparative pharmacokinetics with TU in castor oil or tea seed oil.
t Age and previous treatment modalities refer to the date before the first TU application. TE indicates testosterone enanthate.

Testosterone Preparation

TU was obtained from Jenapharm GmbH & Co. KG, Jena, Ger-
many. Each ampule contained 1000 mg TU dissolved in 4 ml
castor oil. Single injections were administered with the total vol-
ume at one site intramuscularly into the musculus gluteus med-
ius, taking care to perform injections slowly to avoid pain.

Study Design

The study was a clinical, open label, nonrandomized trial.
Screening examinations had been completed before the first in-
jection with TU as described previously (Nieschlag et al, 1999).
Before the first TU application, all men under current treatment
completed a washout phase of at least 4 weeks. An overview of
studies evaluating TU, including the current design, is given in
Table 2. Before entering the follow-up phase, al patients under-
went another complete physical and genital investigation and
assessment of clinical chemistry, hematology, and lipids, as well
as sonography of testes and prostate. Well-being and sexuality
were investigated by standardized questionnaires immediately
before and at half-time between TU injections. Before each ap-
plication, blood samples for measurements of hormones, sex
hormone binding globulin (SHBG), abumin, PSA, clinical
chemistry, lipidology, and hematology were obtained. Prostate
size was determined sonographically before every second injec-
tion.

After 4 injections had been given at 6-week intervals, the
intervals were gradually extended between the 5th and 10th in-
jections. Intervals were extended by 1 to 2 weeks if serum tes-
tosterone levels were above 12 nmol/L before the next injection,
and if subjective impairment of well-being was absent. From the
10th injection onward, TU was applied every 12 weeks. After
the 13th application, steady state kinetics were obtained as evi-
denced by weekly determinations of testosterone serum concen-

trations for 12 weeks. Six weeks after the 18th application, the
study was finished with a detailed final investigation, including
a physical and genital examination, sonography of prostate and
scrotal contents, and al blood values that had been monitored
during the study.

Hormone Assays

Anaysis was performed from venous blood samples that were
centrifuged at 800 X g for 10 minutes and then stored at —20°C
until measurements were performed at the end of the study. Care
was taken so that samples of one subject were measured within
one assay.

Serum concentrations of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol, SHBG, prolactin, and PSA
were analyzed by highly specific time-resolved immunofluoro-
metric assays (Autodelfia; Wallac, Freiburg, Germany). The low-
er detection limits were 0.12 IU/L and 0.25 IU/L for FSH and
LH, respectively; and 25 pmol/L, 6.3 nmol/L, and 0.5 pg/L for
estradiol, SHBG, and PSA, respectively. The normal range in
our laboratory is 1-7 IU/L and 2-10 IU/L for FSH and LH,
respectively, and 11-71 nmol/L for SHBG. The upper limits of
normal for estradiol and PSA are 250 pmol/L and 4 wg/L, re-
spectively. The intraassay and interassay coefficients of variation
were 0.5 and 1.9 for FSH, 1.7 and 2.2 for LH, 1.9 and 5.0 for
estradiol, 1.0 and 7.2 for SHBG, and 3.4 and 4.9 for PSA. Serum
testosterone was measured by an enzyme-linked immunosorbent
assay (Biocam Immunosystems, DRG Instruments, Marburg,
Germany). The lower limit of normal is 12 nmol/L. Dihydrotes-
tosterone (DHT) was analyzed by radioimmunoassay (DSL
9600; Diagnostic System Laboratories, Sinsheim, Germany). In-
traassay and interassay coefficients of variation for testosterone
and DHT were 3.4 and 5.6, and 4.8 and 9.2, respectively. Free

Table 2. Overview of studies evaluating pharmacology and effectiveness of injectable TU dissolved in castor oil

Study Design Patients Publication
| Pharmacokinetics after a single injection n=14 Behre et al, 1999a
Il Four injections at 6-week intervals n=14 Nieschlag et al, 1999

(n = 2 continued from study 1)

1 a) Nine injections at increasing intervals from
6 to 12 weeks
b) Steady state pharmacokinetics
c) Five injections at 12-week intervals

n=7
(n = 2 continued from studies | and I1)
(n = 5 continued from study 1)
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testosterone was calculated using the formula suggested by Ver-
meulen et a (1999).

Clinical Chemistry, Hematology, and Lipids

Biochemical and hematological parameters were determined at
the Institute of Laboratory Medicine, University of Minster us-
ing, standard techniques. Quality control was performed accord-
ing to the standards provided by the German Society of Clinical
Chemistry.

Evaluation of Well-Being and Sexuality

During treatment patients were asked to complete standardized
guestionnaires to assess mood and sexua performance. Com-
pleted questionnaires were obtained before injections and at the
halfway point of the respective injection interval.

Evaluation of Prostate

Prostate volume was monitored by transrectal ultrasound using
a 7.5 MHz probe (The Panther; B& K Medical, Norderstedt, Ger-
many). Prostate examinations included planimetric determination
of volume (Behre et a, 2000) and assessment of sonographic
texture.

Statistics

Statistical analysis was performed using the SPSS statistical
package for Windows (version 10.0). All variables were checked
for normal distribution by the Kolmogorov-Smirnov one-sample
test for goodness-of-fit. Descriptive statistics are given as either
means = SD or median, and the 2.5 to 97.5 percentiles. For
analysis of variance (ANOVA) over time, one-way analysis of
variance was calculated, which was followed by the Dunnett
post-hoc test for intergroup comparison if an overal level of
significance of P < .05 was reached. When necessary, analysis
was performed after logarithmic transformation of data.

Results

General Effects, Well-Being, and Sexual Function

During TU applications, patients reported stable values
for all parameters of well-being and sexua function
(numbers of erections and gjaculations per week and sat-
isfaction with sex life). At the end of the injection inter-
val, when questionnaires were compared with those at
half-time, no satistically significant differences were
found.

Injections were well tolerated by all men except one,
who requested extremely slow injections to avoid discom-
fort. No local side effects or impaired well-being oc-
curred, except for one occasion when, during prostate so-
nography, a patient had short-term circulatory problems
after the injection. One patient complained initialy of
mild acne within 2 weeks following injection. However,
these problems disappeared during the 12-week intervals.
In addition, the same patient developed slight gyneco-
mastia during the first part of the study (6 weekly injec-

tions), which remained unchanged during the follow-up
period.

General adverse events related to the treatment were
not observed. One patient experienced an episode of her-
pes zoster, which required antiviral therapy after severe
psychological trauma.

Body Weight

During TU applications, body weight increased dightly
from 83.5 = 9.5 kg to 85.7 = 9.1 kg without reaching
the level for statistical significance. Compared with the
baseline, the maximum mean body weight was observed
at the end of the study period.

Testosterone and Free Testosterone

Testosterone serum levels and calculated free testosterone
levels obtained before injections are shown in Figure 1.
During the 6-week injection interval, testosterone levels
increased initially from 5.2 + 3.1 nmol/L to 23.8 = 7.8
nmol/L after patients had received 4 injectionsin 6 weeks.
With extended injection intervals, preapplication testos-
terone levels decreased and were just at the lower limit
of normal, with 12.6 = 3.7 nmol/L before the last injec-
tion. A comparable pattern was observed for calculated
free testosterone levels, which rose to 573 = 202 pmol/
L after the 6-week period, and then returned to the lower
limit of normal (291 = 93 pmol/L) after 8 injections had
been performed at 12-week intervals.

Maximum steady state kinetics for levels of testoster-
one and free testosterone were reached after 1 week. The
mean maximum concentration for testosterone was 32
nmol/L, ranging from a minimum of 15.6 to a maximum
of 44.3 nmol/L. A comparable pattern was observed for
free testosterone levels, with amean of 787 pmol/L (Table
3). Initial kinetics obtained in 14 subjects after the first
injection of TU and steady state kinetics in the current
trial are shown in Figure 2.

Estradiol and DHT

DHT and estradiol concentrations essentially followed the
pattern of that for testosterone and free testosterone. Dur-
ing the short injection intervals, DHT levels occasionally
exceeded the upper normal limit but returned to the lower
limit of normal after 5 injections over 12 weeks had been
applied (Figure 1). Estradiol levels aways stayed within
normal limits.

LH and FSH

LH and FSH values decreased significantly during the
study, from initial values of 18.7 + 7.1 IU/L (LH) and
30.5 = 27.3 IU/L (FSH) to 0.4 = 0.8 IU/L (LH) and 1.5
+ 2.9 IU/L (FSH) after 24 weeks. Before the last injec-
tion, LH values of 3.0 = 5.0 IU/L and FSH values of 7.7
+ 13.9 IU/L were measured (Figure 3). Complete sup-
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Figure 1. Serum testosterone, free testosterone, DHT, and estradiol in
7 hypogonadal men treated with 1000 mg TU in increasing injection in-
tervals. Values were obtained before injections and are given as means
+ SD. Dotted lines indicate normal limits.

Table 3. Serum testosterone and calculated free testosterone
steady state pharmacokinetics obtained after 102 weeks (13"
injection) of treatment with 1000 mg TU i.m.

Testosterone Free testosterone
(nmol/L)* (pmol/L)*

Crnax 32.0 + 11.7 844 + 272
Cin 143+ 4.1 293 + 71

avg 20.7 =79 481 + 215
AUC 15 114 weeks) 1617 + 372 Not determined
Toax (days) 9+49 9+49
T, (days) 70.2 + 21.2 Not determined

*Values are means * SD.
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Testosterone
(nmol/L)

0 7 142128 35 42 49 56 63 70 77 84
days
Figure 2. Serum testosterone after a single injection of 1000 mg TU in
14 untreated hypogonadal men (Behre et al, 1999) (open circles) and

during treatment with TU for 102 weeks (closed circles). Values are given
as means = SD. Dotted lines indicate normal limits.

pression of LH and FSH was seen in 3 out of 5 hyper-
gonadotropic subjects, whereas suppression was incom-
plete with undetectable LH but still detectable FSH levels
in 2 out of 5 men.

Clinical Chemistry, Hematology, and Lipids

Biochemical parameters (sodium, potassium, chloride, to-
tal protein, glucose, alkaline phosphatase, creatinine, uric
acid, total bilirubin, gamma glutamy! transferase [yGT],
aspartate amino transferase [ASAT], alanine amino trans-
ferase [ALAT], prothrombin time, and Quick) remained
unchanged during treatment.

Figure 4A shows hematocrit values as an example of
hematological parameters during TU application. During
treatment, no statistically significant changes (using AN-
OVA) were observed for hemoglobin, hematocrit, or
erythrocytes. Compared with the baseline, a small in-
crease in hemoglobin, hematocrit, and erythrocytes oc-
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Figure 3. Serum LH and FSH in 7 hypogonadal men treated with 1000
mg TU in increasing injection intervals. Values were obtained before in-
jections and are given as means *= SD. Dotted lines indicate normal
limits. Injection intervals are marked with boxes.
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Figure 4. Hematocrit (A) and HDL cholesterol (B) concentrations in 7
hypogonadal men treated with 1000 mg TU in increasing injection inter-
vals. Values were obtained before injections and are given as means =+
SD. Dotted lines indicate normal limits.

curred, which ranged between 11.3% and 14.6%. Only on
a single occasion was a hemoglobin level measured above
the upper limit of normal (18.0 g/dL), and in 8.2% of all
values measured, a hematocrit level above the upper limit
of normal was measured. All these values were observed
in a single subject who was age 47 at the beginning of
the study.

During treatment, lipid parameters did not change sig-
nificantly. Compared with baseline levels, a dight de-
crease in high-density lipoprotein (HDL; —13.8%) (Fig-
ure 4B) as well as low-density lipoprotein levels (LDL;
—10.4%) was observed. However, of all measurements
performed, on only one occasion was an HDL level out-
side the recommended range for the primary prevention
of cardiovascular disease, 11.3% of LDL levels were out-
side the range, and 14.3% of triglyceride levels were out-
side the range.

Prostate and PSA

When the entire treatment period was evaluated, no sta-
tistically significant changes in prostate volume or PSA
were observed. However, there was an increase in prostate
volumes from an initial size of 13.6 = 6 mL t0 23 * 6.1
mL at the final examination. In none of the cases were
PSA values measured beyond the normal range. During
the 6-week injection phase, a dlight but insignificant in-
crease in PSA values was observed, which decreased
steadily with prolongation of injection intervals (Figure
5). Initial PSA valueswere 0.6 = 1.3 ng/L compared with
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Figure 5. Prostate volumes (A) and serum PSA (B) in 7 hypogonadal
men treated with 1000 mg TU at increasing injection intervals. Values
were obtained before injections (PSA) or before every second injection
(prostate volume) and are given as means * SD. Dotted lines indicate
normal limits. Injection intervals are marked with boxes.

1.1 + 2.4 pg/L after 3 injections, and 0.8 = 0.4 ug/L at
the end of the trial.

Discussion

The current paper summarizes a 3.2-year period of treat-
ing male hypogonadism with injectable TU. Apart from
three other studies for ora TU (Gooren et al, 1994),
transscrotal testosterone substitution (Behre et al, 1999hb),
and the body patch (Snyder et al, 2000), this is one of
the longest reported observation periods with a single tes-
tosterone preparation.

Based on our initia pharmacokinetic study we postu-
lated that injections will maintain normal testosterone lev-
els for 6 to 10 weeks (Behre et al, 1999a). Choosing the
shortest injection interval, it turned out that TU had a
tendency to accumulate when given at 6-week periods
(Nieschlag et al, 1999). The current trial confirmed that
the schedule of application can be extended up to 12
weeks once normal testosterone levels have been
achieved. It is difficult to speculate on testosterone pro-
files if treatment would have been based on 12-week in-
tervals from the beginning, because all men participating
in this trial had already participated in the earlier 6-week
schedule. Withdrawal of therapy is accompanied by se-
vere disturbances in well-being and, as a result, it is dis-
liked by patients. For this reason we did not include a
second washout phase.

The half-life of injectable TU in our patients is some-
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what longer than that reported from Chinese men receiv-
ing a single injection of 1000 mg TU (Zhang et al, 1998).
However, data from the initial comparison of pharmaco-
kinetics of both preparations in white men had suggested
that the dissolvent not only affected maximum concentra-
tions, but also exerted an effect on duration of action
(Behre et al, 1999a). Data obtained in men of different
ethnic origins may not be comparable. For example, max-
imum testosterone concentrations achieved with TU in tea
seed oil are considerably higher in Chinese men than in
white men (Zhang et al, 1998; Behre et al, 1999a).
Whether these differences result from differences in body
composition or whether they are due to inherited traits of
metabolism is still being debated (van Houten and Goor-
en, 2000). In addition, it has to be considered that due to
the weekly sampling strategy in our study, there is a small
risk of missing higher peak levels before Day 7, although
this seems unlikely based on pharmacokinetic data ob-
tained after a single injection (Behre et a, 1999a).
Steady state pharmacokinetics differed considerably
from those obtained after a single injection. The longer
half-life of the substance is probably due to the structural
differences between TU and testosterone enanthate (TE).
TU has alonger aliphatic and thus more hydrophobic side
chain (Behre et al, 1999a). C,,, is higher during steady
state kinetics and is reached earlier. Comparable obser-
vations have been reported for transdermal testosterone
preparations (Swerdloff et al, 2000). The maximum con-
centrations seen in steady state kinetics with TU are lower
than those reported for the higher dose of testosterone gel,
Androgel (Unimed, Buffalo Grove, I11) (100 mg/day, 37.5
nmol/L) and only slightly higher than those reported for
the body patch, Androderm (SKB, Collegeville, Pa) (26.5
nmol/L) or the lower dose of testosterone gel (50 mg,
28.8 nmol/L) (Dobs et a, 1999; Swerdloff et al, 2000).
Maximum as well as preinjection free testosterone levels
in our trial were even lower than those reported following
a dose of 100 mg of testosterone gel given daily. How-
ever, it has to be considered that we used calculation of
free testosterone based on testosterone and SHBG deter-
minations, and Swerdloff et a (2000) used equilibrium
dialysis to determine free testosterone. In addition, with
increasing use of testosterone preparations, it may become
important that resorption rates of all transdermal prepa-
rations are comparably low. With each application of, for
example, 100 mg of testosterone gel, 85 mg of testoster-
one escapes resorption and enters the environment.
Improvement and stabilization of mood is one of the
prime effects of testosterone substitution in male hypo-
gonadism (Wang et al, 1996). In this connection, the fluc-
tuations in serum testosterone levels arising during treat-
ment with TE or testosterone cypionate (TC) are not well
tolerated by patients. Even though TU injections initially
result in slightly supraphysiological levels, depending on
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the injection intervals and decrease steadily thereafter, no
clinically apparent changes in mood occurred. Features of
well-being did not differ when they were examined at the
end or at the half point of injection intervals. These data
also confirm that although mood and sexual function are
normalized, they are unaffected by actual testosterone lev-
els as long as they are within normal limits (Zitzmann
and Nieschlag, 2001). However, it must be considered that
the number of men who could be included in the follow-
up part of the study is relatively small. Therefore, statis-
tical power is probably insufficient to detect smaller
changes in parameters with a high baseline variability.
Direct comparisons between short-acting and long-acting
testosterone preparations or the larger phase I11 trials may
be better suited for evaluating such physiologica effects.

One of the arguments put forward against injectable
testosterone preparations is the risk of polycythemia, es-
pecially in older men (Hajar et al, 1997). When TE is
compared with testosterone patches, the frequency of in-
creased hemoglobin or hematocrit is 2.8-fold higher with
TE treatment (Dobs et a, 1999). It is interesting that in
our study, the occasions of elevated hematological param-
eters were as low with transdermal testosterone, athough
our population included two men older than age 50.
Therefore, the relative time period of supraphysiological
testosterone concentrations rather than the total testoster-
one values achieved may increase the risk for polycythe-
mia. A comparable observation was made for changes in
lipoproteins. After the expected initial decrease in HDL
and increase in total cholesterol, values remained gener-
aly stable, and at the end of the 3-year treatment phase,
the increase of 10.4% in LDL and the decrease of 13.8%
in HDL were much smaller than those previously reported
for TE or testosterone implant application (Jockenhovel
et al, 1999). It must be considered that the composition
of the study group may explain these effects, because
some men may be more susceptible to testosterone-in-
duced changes in lipid parameters (Zitzmann et al, 2001)
than others. However, it is unclear how pharmacological
testosterone effects on lipoproteins translate to adverse
cardiovascular events (von Eckardstein, 1998), and it is
therefore difficult to judge whether the observed lipid pro-
file after TU injections is more desirable than those of TE
or TC.

PSA levels are especially sensitive to changes in tes-
tosterone concentrations because the pattern of PSA very
much mimics that of testosterone in serum. As shown by
Jin et a (2001), prostate volumes depend on testosterone
levels to a lesser extent. The gradual increase in prostate
volume during TU treatment occurring after the initial
increase in prostate volume resulting from correction of
hypogonadism most likely reflects age-related changes.
There is convincing evidence that prostate volumesin tes-
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tosterone-treated men do not exceed those of eugonadal
controls (Behre et al, 1994; Jin et al, 2001).

In summary, results of this trial show that in an in-
jectable form, TU is a highly interesting alternative to the
currently most widely used injectable preparations, TE
and TC. When applied at appropriate intervals of 10 to
12 weeks, TU injections by and large avoid supraphysi-
ological testosterone levels, and their unwanted side ef-
fects. In addition, the study is one of the few trials re-
porting long-term treatment extending over more than
three years with a single preparation. As recent advances
in hormonal male contraception (Kamischke et al, 2000
and 2001) and substitution of male senescence indicate
an increased demand for testosterone preparations, such
information on the long-term safety of testosterone ap-
plication is timely and crucial.
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