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Abstract Testosterone substitution treatment aims to
replace physiological actions of endogenous testosterone
by steadily maintaining physiological blood levels of
testosterone. The underlying conditions rendering
androgen replacement necessary are usually irreversible.
The consequence is that almost life-long androgen
replacement is required. Patient compliance with life-
long androgen replacement depends on convenient
pharmaceutical formulations ensuring continuity of
androgen replacement. Therefore, they must be conve-
nient in usage with a relative independence of medical
services. In elderly man, safety of androgen replacement
therapy is a concern but in younger subjects (below the
age of 50 years) side effects of androgens are usually
minimal. For them, long-acting testosterone prepara-
tions are well suited. Testosterone implants generate,
depending on the dose of implants, 3-6 months of nor-
mal plasma testosterone. This method requires minor
surgery. Injectable testosterone undecanoate maintains
plasma testosterone in the normal range for 12 weeks.
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In cases of androgen deficiency, testosterone replace-
ment therapy aims to replace physiological actions of
endogenous testosterone by steadily maintaining physi-
ological blood levels of testosterone [18]. The underlying
conditions rendering androgen replacement necessary
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are usually irreversible. The consequence is that life-long
androgen replacement is required. Patient compliance
with life-long androgen replacement depends on conve-
nient pharmaceutical formulations ensuring continuity
of androgen replacement. The benefits of androgen
replacement therapy are clear, but the delivery of tes-
tosterone to hypogonadal men in a way that approxi-
mates normal levels and patterns still poses a therapeutic
challenge. Among experts, there is consensus that the
major goal of testosterone substitution is “to replace
testosterone levels at as close to physiological concen-
trations as is possible” [18]. General agreements about
such an androgen replacement therapy are (1) a delivery
of the physiological amount of testosterone (3-10 mg/d);
(2) consistent levels of testosterone, Sx-dihydrotestos-
terone (DHT) and 17f-oestradiol (E,) within normal
physiological ranges; (3) a good safety profile without
adverse effects on the prostate, serum lipids, liver or
respiratory function; and (4) convenience in usage, pa-
tient-friendly, with a relative independence of medical
services.

It is also generally accepted that testosterone, natu-
rally produced by the testis, is viewed as the best
androgen for substitution in hypogonadal men. The
reason behind the selection is that testosterone can be
converted to DHT and E,, thus developing the full
spectrum of testosterone activities in long-term substi-
tution.

Quantitative aspects of androgen action

One of the pharmaceutical problems of androgen
therapy is the vast amount of androgen molecules to be
administered for replacement. The daily testosterone
production in the eugonadal adult man lies in the range
of 4-7 mg, as opposed to daily production of E, which
lies at its peak in the late follicular phase of the men-
strual cycle and amounts to 0.5-1.0 mg/day. The
challenge in androgen replacement treatment has been
to deliver a sufficiently large amount of androgen



molecules to the circulation. This difficulty can be
demonstrated by comparing transdermal delivery of
testosterone with that of E,. The latter has been rela-
tively easy (two patches per week containing 50-100 pg
E,), while with transdermal testosterone treatment this
is relatively difficult (daily scrotal or large nonscrotal
patch containing 8-14 mg of testosterone). The large
quantities of testosterone needed for their biological
actions as compared with E, may be explained by the
properties of the androgen receptor. It is conceivable
that an androgen can be designed that retains (most of)
its properties, but which has a hormone-receptor
interaction in a way comparable to oestrogen action,
where relatively few oestrogen molecules achieve pow-
erful biological effects.

Available preparation for testosterone replacement

Three approaches are used to make testosterone thera-
peutically effective: routes of administration, esterifica-
tion in the 17§ position and chemical modification of the
molecule, or a combination of approaches. This contri-
bution will focus on the long-acting forms of testoster-
one replacement.

Parenteral testosterone esters

Parenteral testosterone preparations have for a long
time been the mainstay of testosterone treatment and
they are the most cost-effective methods. The most
commonly used forms include 17f-hydroxyl esters of
testosterone, which are administered with slow-release,
oil-based vehicles. Commonly used intramuscular
injectable testosterone esters are short-acting testoster-
one propionate and longer-acting testosterone enanthate
and cypionate.

Testosterone enanthate is one of the most commonly
used intramuscular testosterone esters. After a single
injection of 250 mg, maximal testosterone concentra-
tions are reached after 10 h; the terminal half life is
4.5 days [17]. At a dose of 200 —250 mg, the optimal
injection interval is 2-3 weeks but peak and through
values are clearly above and below the normal range,
so that only 45-55% of the injection interval plasma
testosterone levels are in the normal range. Other tes-
tosterone esters are testosterone cypionate and testos-
terone cyclohexanocarboxylate. The pharmacokinetics
of these testosterone esters are very similar to those
of testosterone enanthate [21, 22]. Administration of
200 mg every 2 weeks provides an acceptable form of
testosterone replacement. With most of the latter tes-
tosterone esters, a maximum concentration follows
approximately 72 h after injection. Testosterone levels
slowly diminish during the following 10-14 days,
showing an exponential decline of serum testosterone
levels reaching baseline at approximately day 21 [25].
As a result, the testosterone levels before the next
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injection are low [20, 24]. The normal pattern of cir-
cadian rhythm of testosterone is not provided and the
injections are painful [14]. A vast number of patients
experience these strongly fluctuating levels as unpleas-
ant (‘roller coaster effect’).

Thus, most intramuscular presentations of testos-
terone are associated with a number of disadvantages.
The profile of testosterone levels may be accompanied
by disturbing fluctuations in sexual function, energy
level, and mood [15]. Although levels of DHT are
normal, androgen metabolites are frequently not
physiological and E, concentrations may become
excessive in some men. High post-injection levels of
testosterone predispose the patient to acne and poly-
cythaemia, and E, causing gynaecomastia. In some
patients, injections may be associated with bleeding or
bruising [14].

Therefore, there is a clear need for testosterone
preparations which are longer-acting with more stable
plasma testosterone levels and which require less fre-
quent administration.

Parenteral testosterone undecanoate

Oral testosterone undecanoate dissolved in oil and
encapsulated has been available since the early 1970s.
A study from China [28] revealed that that this com-
pound administered parenterally had a significantly
longer half-life than the conventional parenteral tes-
tosterone esters. After experimentation comparing dif-
ferent  concentrations and solutions, 1000 mg
testosterone undecanoate in 4 ml castor oil proved to
deliver an attactive pharmacokinetic profile: the ter-
minal half life was 33.9+4.9 days, with maximal levels
of 19.3+2.1 nmol/L reached after 11.4+1.5 days [3].
Later studies with four injections of 1000 mg testos-
terone undecanoate in 4 ml castor oil at 6-week inter-
vals in hypogonadal men showed that intervals between
two injections may be as long as 13 weeks. Serum
testosterone levels were never found to lie below the
lower limit of normal, while only short-lived peaks
above normal (40.8+3.8 nmol/L) were observed after
the third and fourth injection interval [19]. In a study
of testosterone undecanoate given to seven hypogo-
nadal men with intervals of 12 weeks, serum testoster-
one, DHT and E, were mostly within the normal range
and showed a tendency to decrease with longer inter-
vals. Safety parameters such as body weight, hemo-
globin, serum lipids and PSA and prostate volume did
not change significantly during 3.2 years of observa-
tion. Maximum testosterone levels during steady state
were measured after 1 week and amounted to
32+ 11.7 nmol/L. The investigators concluded that this
preparation had significant advantages over the con-
ventional parenteral testosterone esters such as con-
siderably longer intervals between injections and
significantly less severe and frequent supraphysiological
plasma testosterone levels [23, 27].
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Testosterone buciclate

Testosterone buciclate is long-acting, slow-release prep-
aration. The half life is about 30 days and maximum
concentrations of 13.1+1.8 nmol/L. An injection of
1000 mg testosterone buciclate maintained serum tes-
tosterone levels within the normal range for approxi-
mately 16 weeks [2]. With a 600-mg testosterone
buciclate injection, this was about 12 weeks [1, 26]. In
spite of the merits of testosterone buciclate as a long-
acting preparation, there has been no active follow-up of
the above studies and no attempts are being made to
make the preparation available for clinical use.

Testosterone microspheres

Biodegradable microspheres containing testosterone
may be a method for slow release of testosterone [5]. An
injection of 630 mg of microencapsulated testosterone in
hypogonadal men maintained serum testosterone levels
in the eugonadal range for approximately 75 days [4].
Testosterone release from the microcapsule formulation
over the first 10 weeks approximated zero order kinetics.
Serum DHT levels were in the normal range with a
normal T/DHT ratio. Serum LH and FSH declined
significantly, which was also the case with SHBG. There
have been no follow-up studies since 1992.

Testosterone implants

Subdermal pellet implantation was among the earliest
effective treatment modalities for clinical use of testos-
terone and became an established form of androgen
replacement by 1940 (for review see Handelsman et al.
[8]). Several reports have outlined its desirable phar-
macological properties [6, 7, 8, 10, 16, 29] but its use and
merits and its complications have been best documented
by the group of Handelsman [8, 9, 11, 12, 13].

The original implants were not very well standard-
ized, resulting in uneven release, but this problem has
been overcome. There are now pellet implants available
in two sizes: 100 (length: 6 mm, diameter 4.5 mm) and
200 mm (length 12 mm, diameter 4.5 mm).

Pellets are implanted under sterile conditions, usually
under the skin of the lower abdominal wall. Implanta-
tion at the hip has a higher extrusion rate, but ‘track
geometry’ (two versus four tracks) had no influence [12].
Antibiotic impregnation of the pellets did not decrease
the extrusion rate [13].

Absorption of testosterone from the subdermal pel-
lets occurs via uniform erosion of the pellet’s surface,
from which testosterone leeches out according to the
solubility of testosterone in the extracellular fluid.
Deviations from the simple surface erosion model may
occur late in the time course of absorption if the surface
area becomes irregular. Other factors are pellet

smoothness/hardness, the site of implantation with its
local blood flow and reaction of the surrounding tissue,
which may lead to encasing of the pellet.

The effective testosterone release rate from a 200-mg
pellet is 1.3 mg/day (95% confidence interval 1.22—
0.137). The number of pellets has no effect on the tes-
tosterone absorption rate. With treatment with pellets, it
is possible to replicate the daily testosterone production
rate of 3-9 mg in eugonadal men. A single implant of
three to six pellets of 200 mg will provide the patient
with a physiological daily dose of testosterone for 4—
6 months. Pellets constitute a flexible dosage form by
using various combinations of pellets of 100 and 200 mg
with a delivery of testosterone between 0.65 and 7.8 mg/
day in increments of 0.65 mg. Based on clinical phar-
macology and clinical experience, the routine dose is
4x200 mg implants. The time course of plasma testos-
terone levels is predictable and it is usually sufficient to
review a patient after the third month of an uncompli-
cated implant. It can be calculated that virtually all
testosterone will be absorbed from a 200-mg pellet
within 6 months.

Like other depot testosterone formulations, testos-
terone implants demonstrate a minor and transient
accelerated initial release. This lasts for 1-2 days and
involves only 1.5% of total testosterone. The mean
plasma testosterone levels reached during these ‘bursts’
are <50 nmol/L (upper levels of reference values is
35 nmol/L). This compares favourably with injectable
testosterone esters, which peak to levels between
40-80 nmol/L, with every administration once per
2-4 weeks.

The bioavailability of testosterone (defined by
appearance in blood stream) from testosterone pellets is
virtually complete. There is no first pass hepatic inacti-
vation effect and virtually all released testosterone is
absorbed into the systemic circulation.

The clinical pharmacology of testosterone implants
has been reported in several studies [7, 8, 10]. The most
comprehensive study involved a random sequence cross-
over design clinical study of 43 androgen-deficient men
[8]. These men were treated sequentially with three reg-
imens: six 100-mg, three 200-mg and six 200-mg testos-
terone pellets at intervals of 6 months when blood
testosterone levels returned to baseline. Implantation of
testosterone pellets provided highly reproducible dose-
dependent time course related plasma levels of total and
free testosterone. Plasma testosterone on the 1200-mg
dose were higher but no differences were observed be-
tween the six 100-mg and the three 200-mg pellet
implantations producing similar plasma testosterone
levels and a similar time course. Plasma testosterone
levels peaked at the first month and gradually declined
to return to baseline by 6 months after either six 100-mg
or the three 200-mg pellet implantations. But the plasma
levels remained significantly higher following the six
200-mg pellet implantation.

Maintenance of libido, potency and well-being ap-
peared to be very consistent with the 600-mg testoster-



one implants for 4-5 months and 6 months with the
1200-mg implant.

In the studies of Handelsman et al., Jockenhovel
et al., and Zacharin and Warne, using a cross-over
design of testosterone implants and injectable testos-
terone esters, most men preferred testosterone pellets
rather than injectable testosterone esters [§, 10, 29]. The
latter were disliked because of the wide swings in
plasma testosterone levels experienced subjectively as
swings in mood and energy and the frequent adminis-
trations as compared with the implantation of pellets.
Pellet implants are particularly suitable for androgen-
deficient men who dislike or are unable to have regular
injections. It is best used in men in whom the beneficial
effects of testosterone replacement and tolerance for
androgens have already been established with treatment
of shorter-acting testosterone preparations. In the rare
event that rapid discontinuation of androgen adminis-
tration is necessary (such as in case of a prostate
carcinoma), minor surgery to remove the implants may
be necessary.

Suppression of LH and FSH in hypergonadotropic
hypogonadal men occurred in a dose-dependent fashion
by all three implant regimens. The 1200-mg implants
produced a significantly greater suppression than the
two regimens of 600 mg. With the 1200 mg, the sup-
pression of LH showed nadir levels between 1 and
4 months with return to baseline only at 6 months. With
the 600-mg regimens, nadir levels of LH were observed
between 1 and 3 months with an increase beginning by
4 months and return to baseline by 5 months. Interest-
ingly, the suppression of elevated gonadotropin levels in
men with primary hypogonadism mirrored closely the
time course of clinical androgen effects and the mainte-
nance of physiologic testosterone levels. This suggests
that the adequacy of testosterone replacement can be
monitored by measuring not only plasma testosterone
levels but also the degree of suppression of gonadotro-
pins.

Plasma SHBG levels were not altered by implanta-
tion of pellets amounting to 400—1200 mg in the study of
Conway et al. [7] but a small decrease was seen in the
study of Jockenhdvel et al. [10]. This contrasts with the
marked decrease of plasma SHBG after administration
of injectable testosterone esters or oral testosterone un-
decanoate [7]. In the view of Conway et al. [7], a decline
of plasma SHBG with testosterone replacements is an
indication of an overload of replaced androgen on liver
metabolism.
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During the first 4 months after implantation of six
100-mg pellets in androgen-deficient men, hemoglobulin
levels rose. There were no other significant changes in
other biochemical variables.

In experienced hands, pellet implantation has few side
effects and is generally well tolerated. In a review of 973
consecutive implantations prospectively studied in 221
men over 13 years, the continuation rate was 93%
overall. One or more adverse effects were observed after
11% of the implantations, consisting of extrusions
(8.5%), bleeding (2.3%) and infections (0.6%) [9].

In spite of the well-documented merits, testosterone
pellets are only available in Australia, South Africa and
the UK.

For properties of different testosterone preparations,
see Table 1.

Conclusion

Most medical conditions requiring androgen replace-
ment therapy are irreversible. As a consequence,
androgen replacement therapy extends often over many
decades. Therefore, patient compliance is of utmost
importance. Non-compliance does not only impair sex-
ual functioning but is also associated with reductions in
muscle and bone mass and with negative effects on mood
and vitality. In other words, chronic testosterone defi-
ciency affects quality of life negatively.

Among experts there is consensus as to the require-
ments of androgen replacement therapy [18]. Replace-
ment with unmodified testosterone is preferred, with a
treatment modality and in a dose which maintains
plasma testosterone in the physiological range over 24 h
of the day. For some of its functions, testosterone is a
prohormone to be further metabolized to E, and DHT.
Ideally, plasma levels of E, and DHT generated by
administration of testosterone should also lie in the
physiological range. Adverse effects of androgen
replacement therapy should be minimal.

As indicated above, patient compliance is of great
importance. Therefore, the various ART modalities
must be discussed with the individual patient to explore
personal preferences and idiosyncracies, which, in the
end, will impact on patient compliance. In younger
subjects (below the age of 50 years) side effects of
androgens are usually minimal. For them, long-acting
testosterone preparations are well suited. Most of them
try to avoid the medical circuit as much as possible and a

Table 1 Properties of different
testosterone preparations

Normal T/24 hours Normal E; Normal DHT Convenience

Dose flexibility

Injectable T esters
Oral TU

Scrotal T patch
Non scrotal T patch
T gel

T implants
Injectable TU

+ favourable, + reasonable, —
faulty, T testosterone, E, 17f-
oestradiol, DHT 5o-dehyd-
rotestosterone, 7U testosterone
undecanoate

e T

+ + + -
+ + + +
+ —_ - —
+ + + -
+ + + +
+ + + +
+ + + -
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long-acting testosterone preparations allows a reduction
in visits to the clinic. In elderly man, safety of androgen
replacement therapy is more of a concern. Therefore, in
elderly man short-acting testosterone preparations are
preferable. In case a prostate malignancy or polyglobuly
is diagnosed, plasma testosterone levels should be re-
duced within days.

In the years to come, with a better understanding of
the biological actions of testosterone in the various
target organs and of the safety aspects, particularly
with regard to the prostate, the goals of androgen
replacement therapy may have to be reformulated.
Androgenic compounds with different degrees of tissue
selectivity may find their place in androgen replacement
treatment.
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