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SUMMARY

Although several progestins have been tested for hormonal male contraception, the effects of dosage and nature of various pro-
gestins on gonadotropin suppression combined with and without additional testosterone has not been performed in a comparative
trial. The aim of this study was to evaluate the differential impact of four oral or transdermal progestins on the suppression of gona-
dotropins in healthy men: oral: cyproterone acetate (CPA), levonorgestrel (LNG), norethisterone acetate (NETA), and transdermal:
Nestorone® (NES), all in combination with transdermal testosterone (T). Randomized clinical trial testing was performed with four
progestins at two doses each. After a 2-week progestin-only treatment, transdermal T was added for further 4 weeks and was fol-
lowed by a 3-week recovery period. Progestin-dose per day: CPA 10 mg/20 mg, NES 2 mg/3 mg/dose e.g. 200/300 ng/day absorbed,
NETA 5 mg/10 mg, LNG 120 pg/240 pg. From an andrology outpatient clinic, 56 healthy men aged 18-50 years, with body mass
index <33 kg x m 2 were included in the study. Serum concentrations of luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) were studied. Secondary outcome measure included were serum testosterone concentrations, sperm concentrations, and
safety parameters. Intergroup comparisons demonstrated that CPA and LNG had the strongest effect on LH/FSH suppression. Never-
theless, every substance showed significant inhibitory effects on gonadotropin secretion, especially in combination with transdermal
T. A decrease in hematocrit and insulin sensitivity as well as cholesterol subfractions and triglycerides was uniformly seen for every
group. The combination of oral or transdermal progestins with a transdermal testosterone preparation is able to suppress gonadotro-
pins. Further dose titration studies with sperm suppression as an end-point should be conducted to determine the lowest effective
dose for hormonal male contraception.

INTRODUCTION spermatogenesis (McLachlan et al. 2004). This goal can be

Gonadotropins and testosterone (T) play pivotal roles in the
maintenance of normal spermatogenesis. To achieve a hormonal
form of male contraception, suppression of gonadotropins is
mandatory (Srinath et al., 1983; Nieschlag et al., 2003; Aaltonen
et al., 2007). It has been estimated that both gonadotropins,
luteinizing hormone (LH), and follicle-stimulating hormone
(FSH), should be suppressed to at least 0.5 IU/mL to reach
a marked and clinically meaningful suppression of

516  Andrology, 2017, 5, 516-526

reached by exogenous administration of androgens, albeit
resulting in azoospermia/oligozoospermia in only 50% of
healthy men (Paulsen et al, 1982; WHO, 1990, Cummings &
Bremner, 1994). Thus, to facilitate a feasible method of hor-
monal contraception in men, several combinations of androgen
preparations with different progestins have been tested in clini-
cal trials (Liu et al., 2008; Nieschlag, 2010). In order to maintain
androgenicity (including libido, bone mass, mental effects,
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hematopoiesis) when using a progestin, testosterone should be
substituted by an androgen preparation (Nieschlag, 2011). How-
ever, the most effective antigonadotropic dose of progestins has
not been determined using comparative methods.

It is known that synthetic progestins are able to inhibit
secretion of gonadotropins based on their binding to andro-
gen receptors or directly via binding to the progesterone
receptor (WHO 1972-1983, 1992, 1993; Paulsen et al., 1982;
Knuth et al., 1989). Therefore, a differential impact of the vari-
ous available progestins on gonadotropin suppression is very
likely, as each substance has its unique binding profile to vari-
ous receptors (Nieschlag et al., 2003). Nevertheless, these dif-
ferences have not been elucidated in a comparative setting. In
addition, genetic polymorphisms at the steroid receptor level
might also explain the variable responses of men to regimen
of hormonal male contraception (Nieschlag, 2011; Piotrowska
et al., 2016).

Progestins available today, either marketed or investigational,
cover the spectrum from partly androgenic, neutral to
antiandrogenic. Hence, progestins with different binding and
transactivation properties may act differentially on the hypotha-
lamic—pituitary production and secretion of LH and FSH. In
addition, if administered transdermally rather than orally or
injected, they may have a different effect on gonadotropin sup-
pression in men. In summary, it remains unclear why different
progestins have differential impact on gonadotropin production.
In addition, marked interindividual variation of medication
effects is known (Nieschlag et al., 2003).

Nestorone (NES), a transdermally available progestin with no
androgenic action (Kumar et al., 2000; Sitruk-Ware et al., 2003),
has been tested successfully in combination with a transder-
mally applied testosterone gel (Mahabadi et al., 2009; Ilani et al.,
2012; Roth et al., 2013, 2014).

In this study, progestins with different androgenic or antian-
drogenic properties were used, at two doses, alone and in com-

ANDROLOGY

STUDY OBJECTIVE, DESIGN, SUBJECTS, AND METHODS

Obijective and design

The primary objective of this study was to assess the effects of
various progestins in different doses to suppress secretion of
both gonadotropins: follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) (see Fig. 1 for study design). The study
was intended to demonstrate putative differences in suppression
of gonadotropin secretion by various progestins in direct com-
parison. We did not have a priori hypothesis favor an androgenic
or less androgenic progestin, but tested progestins known to be
very active when used in women.

Four progestins were used: cyproterone acetate (CPA), the
most potent antiandrogenic progestin, nestorone (NES), a non-
oral non-androgenic progestin, norethisterone acetate (NETA), a
progestin with slight androgenic effects, and levonorgestrel
(LNG), the progestin with the highest androgenic potency in
bioassays (Kumar et al., 2000; Sitruk-Ware et al., 2003; overview:
Nieschlag et al., 2003; Sitruk-Ware, 2004). The study was con-
ducted in two phases. In the first phase (two weeks), progestins
alone were administered in two different doses each. In the sec-
ond phase (four weeks), the same progestin dose was combined
with transdermal testosterone gel. Thereafter, hormone applica-
tions were ceased and patients were followed up during a 3-week
wash-out period (Fig. 1).

The choice of progestins and doses followed previous experi-
ence for CPA, NETA, and LNG which had been administered
orally to men in separate studies of hormonal male contraception:
1 Cyproterone acetate (CPA): This progestin is a pregnane

derivative with potent antigonadotropic action and a potent

antiandrogenic effect (Nieschlag et al, 2003). Doses of

10 mg/day and 20 mg/day were chosen on the basis of previ-

ous experience with 12.5 mg/day and 25 mg/day in combina-

tion with testosterone preparations used in men for hormonal

male contraception (Meriggiola et al., 1998, 2003).

L . . 2 Norethisterone acetate (NETA): This progestin is an estrane
bination with T gel, to evaluate and compare their effect on the o . ,( ) . prog
. . derivative with a partial androgenic effect. Doses of 5 or
suppression of gonadotropins.
Figure 1 Design of the trial: progestins were Treatment groups
administered alone for the first two weeks dur-
ing the first phase of treatment. In the second Group Progestin Dose Route n
phase of treatment, progestin treatment was
continued for four ad‘dmonél weeks and 50 mg 1 Cyproterone 10 mg/day 7
testosterone gel applied daily were added. The EEEE Oral
total duration of treatment was 6 weeks, fol- 2 20 mg/day 7
lowed by a recovery period of 3 weeks. For the 3 2 mg/da
transdermal administration, 10% of the steroid Nestorone BioeY Transdermal
was absorbed and the actual doses tested corre- 4 3 mg/day
spond for nestorone to 200 and 300 pg/day 5 5 mg/da -
and for testosterone to 5 mg/day. [Colour figure Norethisterone ercay Oral
can be viewed at wileyonlinelibrary.com]. 6 acetate 10 me/day 7
7 120 pg/day
Levonorgestrel Oral
8 240 pg/day
. Progestin +
. Progestin &
Screening testosterone gel Recovery
alone
50 mg/day
-3 -2 -1 0 1 2 3 4 5 6 7 8 9
Week
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10 mg/day were selected based on previously published data
using 10 mg/day in combination with injectable testosterone
undecanoate in a hormonal male contraception trial (Kamis-
chke et al., 2002).

3 Levonorgestrel (LNG): This progestin is derived from testos-
terone and belongs to the gonane group of progestins. It is
one of the most androgenic progestins used in female contra-
ception. Doses of 120 pg/day or 240 pg/day were given in
this study, based on experience in previous trials where
250 png/day were successfully combined with testosterone
(Buchter et al., 1999; Kamischke et al., 2000). Other studies
used 125 pg, 250 pg, and also 500 pg of LNG in combination
with intramuscular testosterone enanthate (Bebb er al,
1996). In addition, a trial using either 31.25 pg or 62.5 pg of
LNG in combination with weekly intramuscular injections of
100 mg of testosterone enanthate is reported (Anawalt et al.,
2005).

4 Nestorone (NES): This progestin is under development for
non-oral contraception in women. It is derived from the 19-
norprogesterone group and has very high progestational and
antiovulatory potencies in classic bioassays (Kumar et al.,
2000). NES does not bind to the androgen receptor and does
not exert any androgenic action. NES has been used in women
in various long-acting contraceptive systems because it is not
active when given orally. In this study, a NES gel formulation,
containing either 2 mg/g of gel or 3 mg/g of gel, was used.
The dose for NES was chosen based on experience in women
(Kumar et al., 2000; Sitruk-Ware et al., 2003). In 80% of the
women receiving NES gel at a dose of 1.2 mg/day, a high
degree of antigonadotropic and antiovulatory activity was
demonstrated (Sitruk-Ware et al., 2003). The male subjects in
this study received 1 g of gel per day, which contained either 2
or 3 mg of NES. Based on previous trials, we reasonably
assumed a resorption dose of NES of 200 or 300 ng/day (i.e.
10-12% of the NES in gel). In a NES/E2 gel study in women at
three doses of NES (1.5, 3, and 4.5 mg/day via gel), the
AUC24 h (area under the curve for 24 h) was compared with
the AUC24 h after intravenous bolus injection with NES
(200 pg bolus: 100% absorption). The ratio between Gel AUC
and IV AUC was 0.109 which is equivalent to 11% absorption
of drug NES from both low- and medium-dose transdermal
gel (Brache et al, 2015). Thus, it is justified to assume a 10—
12% absorption rate for NES in gel also in this trial. It is also
known that alcoholic gel-based steroid formulations lead to
~10% absorption of steroids. As this has been shown for
testosterone, we assumed, in addition to the evidence men-
tioned above, the same for NES (Steidle et al., 2003). This
assumption is corroborated by a previous study: serum NES
levels significantly (p < 0.0001) increased with application of
increasing amounts of NES gel (Mahabadi et al., 2009). In that
paper, serum levels of NES corresponded linearly to the dose.
Doses for NES lower than in the other trials were chosen to
describe the extent of such lower doses on gonadotropin
secretion.

5 Testosterone gel is a transdermal preparation used for testos-
terone substitution in hypogonadal men. The sealed unit dose
packages contain 5 g gel delivering 50 mg of testosterone per
day. Subjects used one package per day in the morning. This
preparation has been demonstrated to provide stable testos-
terone concentrations within the normal range for one day
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(Wang et al., 2000; Snyder et al., 2016). Transdermal testos-
terone gel in combination with DMPA had been used for trials
in male contraception, but at a higher dose of 10 g gel/day
(Page et al., 2006; Amory et al., 2007).

The same progestin given at the same two doses were admin-
istered in phase 2 of the trial in combination with transdermal
testosterone gel for 4 weeks in order to maintain or increase the
suppression of gonadotropins while providing normal andro-
genic function in men.

Serum levels of FSH and LH were assessed during treatment
with progestin given alone and after combined progestin and
transdermal testosterone treatment.

A possible confounding parameter is the potential variation in
bioavailability of the various progestins and also of transdermal
testosterone. Moreover, intraindividual and interindividual dif-
ferences in absorption have been described for testosterone gel
(Swerdloff et al., 2015).

The secondary objectives were to determine the effects of
treatment on serum levels of total testosterone and safety
parameters (hematocrit, PSA, insulin sensitivity, inflammation,
lipid parameters).

Although the study was neither designed nor powered to
assess effects on spermatogenesis, changes in sperm concentra-
tions were monitored and are reported for ethical and safety rea-
sons. This study was not blinded.

Subjects

Fifty-six healthy male volunteers of Caucasian origin were
recruited by responses to a press advertisement. Subjects were
randomly assigned to one of the eight treatment groups as
shown in Fig. 1. The inclusion criteria described men aged
between 18 and 50 years with normal mental and physical
health, a body mass index (BMI) between 18 and 33 kg/mz,
and normal reproductive hormone levels (FSH, LH, testos-
terone) based on local reference ranges and normal sperm
concentrations according to WHO guidelines (WHO 2010).
Volunteers were excluded if they had prostate, testicle, kidney,
or liver disease in their medical history; resting systolic blood
pressure >140 mmHg or resting diastolic blood pressure >90
mmHG or a history of thromboembolism; abuse of anabolic
steroids or similar substances, androgens, drugs or alcohol;
dermatitis or skin disorders. Each subject gave informed writ-
ten consent and had to be willing to use a reliable form of
contraception in a heterosexual relationship during treatment.
The study was approved by the Population Council IRB and
the local Ethics Committee and the State Medical Board of
Westphalia/Lippe, Germany, and was carried out according to
the declaration of Helsinki. Pre-Registration followed stan-
dards (EudraCT Number: 2005-002409-21, BfArM VorlageNr
4030824).

Resting blood pressure and heart rate

Blood pressure (BP) and resting pulse were measured by
trained physicians using a standardized oscillometric device
(Omron M5 Professional, Omron Medical Technics, Mannheim,
Germany) with a cuff size appropriate to individual phenotype.
Measurements were taken after the subject had rested for at
least 5 min in a quiet room. Three measures of BP were taken
each at 5-min intervals and the mean of the last two measures
was recorded at each time point.

© 2017 American Society of Andrology and European Academy of Andrology
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Biochemical analysis

All venous blood samples were obtained between 0800 and
1200 h after a 30-min rest and overnight fasting. Serum or
plasma were separated at 800 g. Samples were snap frozen and
immediately stored at —20 °C.

Serum concentrations of gonadotropins and testosterone were
checked at baseline and at weeks 2, 3, 4, 5, 6, 7, 8, and 9.

Serum testosterone levels were measured by a commercial
ELISA kit (DRG Instruments GmbH, Marburg, Germany), This
immunoassay for testosterone is calibrated quarterly against
standards using liquid chromatography-mass spectroscopy
(LCMS-MS); the immunoassays regularly pass this quality check
and reproduce the results of mass spectroscopy with an accu-
racy of <10% in the range for serum testosterone concentrations
between 5 and 20 nmol/L. It is highly reproducible in itself and
the CVs (intra- and interassay) are generated in our laboratory.
Intraassay CVs were below 5%, mean interassay CVs below
10%.

Gonadotropins (LH and FSH) as well as prostate-specific anti-
gen (PSA) was determined with highly specific time-resolved flu-
oro-immunoassays (Autodelfia, Freiburg, Germany), the limits
of detection for both LH and FSH being 0.02 IU/L. Mean intra-
and interassay CVs were below 2% and 5%, respectively.

Red blood cells count was performed on a Sysmex SE 9500
system (Sysmex Europe, Hamburg, Germany). Plasma glucose
was measured in fasting condition. Serum levels of insulin were
assessed by a solid-phase, two-site chemoluminescent enzyme-
labeled immunometric assay (Immulite Insulin Diagnostic Prod-
ucts Corporation, Los Angeles, USA). The intraassay CV was
3.8% and the interassay CV was 4.8%. From this, QUICKI =
Quantitative Insulin Sensitivity Check Index (1/(Log Insulin+Log
Glucose)) was calculated; lower values indicate decreased insu-
lin sensitivity.

High-resolution C-reactive protein (hsCRP) was determined
nephelometrically on a BNII analyzer with an ultrasensitive
method (Dade Behring, Bad Schwalbach, Germany). The lower
limit of detection was 0.02 ng/mL; the upper normal value was
0.5 ng/mL. A Hitachi 917 autoanalyzer was used for the quantifi-
cation of serum concentrations of triglycerides and cholesterol
with enzymatic tests, of HDL and LDL cholesterol with homoge-
nous assays and of Lp(a) with (latex-enhanced) turbidimetric
immunoassays (Hitachi/Roche Diagnostics, Mannheim, Ger-
many). Imprecision was below 5%.

All safety parameters were measured at baseline, weeks 2, 6,
and at wash-out (week 9).

This trial was not powered or designed to assess effects on
spermatogenesis. However, determination of spermatozoa is
important also within this trial and the report of these data is
nevertheless mandatory from a safety standpoint. Semen analy-
ses are always performed in double in our laboratory and
according to WHO standards after at least 2 days of abstinence
(WHO 2010).

Statistics

Study size was determined to detect differences in gonadotro-
pin levels of at least 20% between the two doses of the same pro-
gestin at a power of 90% and alpha-error of 0.05. This power
level and the alpha-error also apply for comparisons of differ-
ences between the various progestins regarding suppression of
gonadotropin production. The study design was also set a priori
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to combine the two doses of each progestin to compare safety
parameters.

The study has an exploratory, not a confirmatory nature. Thus,
we refrained from general corrections of p values in multiple
comparisons. However, the reader should be aware that a
p value of 0.05 still holds the risk of 5% of erroneously rejecting
the null hypothesis. Thus, all post hoc tests included a correction
according to Bonferroni. Such an approach is supportable from
a statistical point of view (Bender & Lange, 2001). The non-
parametric Wilcoxon-matched pair analysis was used to evaluate
results for a single dose in the first two weeks of progestin-alone
application (Fig. 1).

Efficacy of gonadotropin suppression over the whole treat-
ment period of 6 weeks (including testosterone supplementation
starting at week 2 and lasting to week 6, see Fig. 1) was measured
by an index of gonadotropin suppression, calculated as follows:

A = serum concentration of gonadotropin (LH or FSH) at
baseline (means of screening and week 0 values were calcu-
lated to avoid regression to the mean effects).

B = serum concentration of potentially suppressed gonado-
tropin (LH or FSH) at week 2 (end of progestin-alone phase)
in percent compared to baseline.

C = area under the curve for serum concentrations of the
potentially suppressed gonadotropin (LH or FSH) for treat-
ment with progestin plus testosterone from week 2 to 3, week
3 to 4, week 4 to 5, and week 5 to 6, thus an area under the
curve generated from four time intervals.

This resulted in a Suppression Index (Sul) = Log ((B/A)*C).

For a conservative approach, all values of serum concentra-
tions of gonadotropins below the detection limit were set to
the detection limit of 0.02 IU/L. This also avoids the situation
of Log(0) which cannot be calculated.

Complete non-reaction of gonadotropins results in a value of
Sul = 2.602, irrespective of the baseline concentration.

The Sul takes the speed and degree of initial suppression (B)
and the continuity in combination of the respective progestin
with testosterone into account (C) as well as the baseline con-
centration (A). There is an indication in literature that the base-
line gonadotropins can affect the suppression of sperm counts
in a meta-analysis of trials for male contraception (Liu et al.,
2008).

For example, in case of a higher baseline concentration of a
gonadotropin in comparison with a lower one (such as
FSH = 10 IU/L vs. FSH = 2 IU/L) and otherwise similar sup-
pression rates, the Sul is lower for the subject presenting the
higher baseline FSH level, indicating a more pronounced sup-
pressive effect of the regimen. Intergroup differences were calcu-
lated by the non-parametric Mann-Whitney test. This method of
assessing the suppression of gonadotropin concentrations dif-
fers from previously published methods where the suppression
was considered effective if suppression of serum LH and FSH
concentrations reached 0.5 IU/liter or less after treatment (e.g.
Mahabadi et al, 2009). The advantage of using our method
allows comparison between different groups of treatments irre-
spective of baseline values of the FSH or LH within a trial of
short duration. In addition, it creates a continuous variable that
reflects the treatment effects over the whole study time. Never-
theless, suppression of gonadotropin secretion at least at one
time point below the previously described threshold of 0.5 IU/
mL was also used and results are compared by chi-square tests.
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The QUICKI (Quantitative Insulin Sensitivity Check Index)
describes changes in insulin sensitivity and was determined as
previously described (Katz et al., 2000).

Computations were performed using the statistical software
package spss (Chicago, IL, USA, release 22.0) and GRAPH PAD PRISM
(San Diego, CA, USA, release 5.0).

RESULTS

Adherence to the protocol was very good with >95% com-
pliance, as documented using a subject study drug diary and
counting of study drug containers which were to be kept
by the subjects and brought back to the center at the next
visit.

Suppression of gonadotropins and statistical evaluations in
various regimens over time is presented in Fig. 2. Differences in
LH and FSH concentrations between week 0 (baseline) and week
2 were significant in those subjects treated with CPA; suppres-
sion from baseline to week 2 was not significant for other pro-
gestins (Fig. 2). Suppression from baseline to week 6 was highly
significant for every progestin.

Serum concentrations of gonadotropins at week 2 (progestin-
alone phase) as displayed in Fig. 2 were also compared non-
parametrically between progestin groups. For LH: CPA vs. NES
(p = 0.021), CPA vs. NETA (p = 0.18), CPA vs. LNG (p = 0.65), for
FSH: CPA vs. NES (p = 0.073), CPA vs. NETA (p = 0.91), CPA vs.
LNG (p = 0.13).

In addition, serum concentrations of gonadotropins at the end
of the suppression phase (week 6) as displayed in Fig. 2 were
compared non-parametrically between progestin groups: For
LH: CPA vs. NES (p = 0.02), CPA vs. NETA (p = 0.04), CPA vs.
LNG (p = 0.08), for FSH: CPA vs. NES (p = 0.02), CPA vs. NETA
(p = 0.07), CPA vs. LNG (p = 0.08).

In addition, the Sul was lowest in both gonadotropins in CPA-
treated subjects (combined doses). Table 1 summarizes the
gonadotropin profile over the whole treatment period, with and
without testosterone administration. Results are presented by
the Sul as a comparison of CPA vs. other progestins. As com-
pared with CPA, none of the progestins showed a higher sup-
pressive effect on both gonadotropins also when an index of
suppression of LH or FSH below 0.5 IU/L at least at one time
was used (Table 1).

Safety parameters such as serum concentrations of total
testosterone, hemoglobin content, hematocrit, high-resolution
C-reactive protein (CRP) and QUICKI, prostate-specific antigen
(PSA) and body mass index (BMI) are displayed in Fig. 3 and
Table 3, statistical analyses over time are presented. The phase
of progestin-alone resulted in a marked decrease of testosterone,
hemoglobin content, hematocrit, and also insulin sensitivity.
This effect was attenuated during the second phase including
additional testosterone substitution.

Figure 4 demonstrates the overall effects on suppression of
spermatogenesis. Substance-specific parameters on suppression
of sperm concentrations are demonstrated in Table 2 along with
statistical evaluations. A threshold of 3 million spermatozoa/mL
was chosen as appropriate to indicate a clinically relevant sup-
pression of spermatogenesis given the short duration of expo-
sure to the treatments.

Other safety parameters (lipoprotein subfractions, liver
enzymes, and concentrations of interleukin-6) did not change
significantly during treatment and are not shown in detail.

520 Andrology, 2017, 5, 516-526
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Resting blood pressure values and resting heart rate did not
change significantly throughout the trial (data not shown).

Adverse events
There were 12 non-serious adverse events (AE) reported by

nine subjects during the trial, 10 of which were mild, two moder-

ate, and zero severe adverse events. In detail, all symptoms were
reported in phase 2 of the trial when the progestin was com-
bined with testosterone:

1 CPA (with T): sweating at night (possible), common cold (un-
likely), elevated SGOT, elevated CPK (not related), lymphangi-
tis (unlikely)

2 NETA (with T): 2 x sweating at night (possible), axillary
eczema (possible), laryngitis (possible)

3 NES (with T): one increased aggressiveness, one increased
anger, one lower libido (all possible)

Indeed, all these subjects had also received 50 mg of transder-
mal testosterone when adverse events were reported (events may
have been associated with the androgen or the combination).

Drop-outs: three subjects concluded the study prematurely
because of reasons not related to the study drug. However, all
three were in the LNG-groups (one subject receiving 120 pg/day
and two subjects receiving LNG 240 ng/day.

DISCUSSION

This is, to the best of our knowledge, the first published study
comparing different progestins simultaneously as single medica-
tion and in combination with testosterone to elucidate their
potential for hormonal male contraception; the study was
designed for a non-invasive treatment regimen, that is, transder-
mal and/or oral application of study drugs. We generally strongly
suggest the promotion of non-invasive regimens for hormonal
male contraception as a timely approach as many men who par-
ticipated in previous trials disliked the intramuscular application
pathways (Nieschlag, 2010).

The novel characteristic of this study is the comparative design
involving various progestins at different dosages. The combina-
tion of orally or transdermally applied progestins administered
with a transdermal testosterone preparation is effective for gona-
dotropin suppression and, therefore, will most likely be useful
for regimens of hormonal male contraception to suppress sper-
matogenesis. Such a demand has been identified previously
(Aaltonen et al., 2007; Nieschlag, 2010, 2011). Suppressive effects
on gonadotropin secretion exhibited by the progestin alone were
enhanced by the addition of transdermal testosterone (Table 1,
Fig. 2).

We observed a lack of dose-related effects of the progestins on
gonadotropin levels. One explanation could be that the progestin
receptors involved in the mechanism of suppressing gonadotro-
pin secretion are already saturated with the lower doses of the
respective progestin. Saturation processes of receptors might
also not be dose equivalent. In addition, absorption and
bioavailability between subjects might be different.

It was shown previously that a combination treatment with
levonorgestrel (LNG, 500 pg/day, orally) and testosterone enan-
thate (TE, 100 mg/week, im) resulted in a more pronounced
suppression of sperm counts than did treatment with TE alone
(Bebb et al., 1996). In addition, the onset of spermatogenic sup-
pression was faster in men who received T + LNG compared to
men receiving treatment with T alone. Thus, it was

© 2017 American Society of Andrology and European Academy of Andrology
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Figure 2 Serum concentrations of gonadotropins (LH left, FSH right, log2-Y-axes)
terone acetate. NES = nestorone. NETA = norethisterone acetate. LNG = levonorg
viously used threshold of 0.5 IU/L (Mahabadi et al., 2009) is indicated in red to
samples were calculated separately, when the progestin was either administered wi

ANDROLOGY

during treatment with various progestins in various doses (CPA = cypro-
estrel) in medians (interquartile ranges not shown for legibility). The pre-
allow a better comparison between groups. Wilcoxon tests for paired
thout testosterone (for phase 1, baseline vs. week 2) or with testosterone

gel (50 mg/day) (phase 2 of the trial: baseline vs. week 6) and respective indicators are given (n.s. = not significant; *p < 0.05, ***p < 0.001). For further

analyses, also see Results and Table 1. [Colour figure can be viewed at wileyonlinelibrary.com].
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Table 1 Suppression Index (Sul, see Statistics section for details of calculation of Sul). Briefly, the lower the Sul is, the higher is the suppression of the

gonadotropin

Group Progestin treatment Sul-LH median, Sul-FSH, median, p (Wilcoxon), LH <0.5 1U/L FSH <0.5 1U/L p (chi-square), comparison

IQR IQR comparison to (at least one (at least one to CPA combined
CPA combined time point) time point)

1 CPA 10 mg/day 1.45,0.99 1.44,0.71 Referent 717 6/7 Referent

2 CPA 20 mg/day 1.68,0.78 1.18,0.87 6/7 5/7

1+2 CPA combined 1.56,0.75 1.37,0.79 13/14 11/14

3 NES 2 mg/day 2.01,0.44 1.73,0.57 3/7 3/7

4 NES 3 mg/day 1.95,0.91 1.76,0.39 3/7 3/7

3+4 NES combined 1.97,0.52 1.74,0.44 LH: 0.012 FSH: 0.006 6/14 6/14 LH: 0.006 FSH: 0.06

5 NETA 5 mg/day 2.24,0.66 2.03,0.56 3/7 3/7

6 NETA 10 mg/day 2.01,1.06 1.37,1.35 5/7 5/7

5+6 NETA combined 2.08,0.79 1.80, 1.33 LH: 0.056 FSH: 0.137 8/14 8/14 LH: 0.038 FSH: 0.21

7 LNG 120 pg/day 2.05, 0.47 1.92,0.66 5/6 3/6

8 LNG 240 pg/day 1.51,1.01 1.66,1.28 3/5 2/5

7+8 LNG combined 1.79,0.72 1.78,0.68 LH: 0.134 FSH: 0.029 8/11 5/11 LH: 0.21 FSH: 0.098

Differences in Sul between different dosing regimens of each progestin were not detected in non-parametric Mann-Whitney tests. Differences in suppression of serum
LH or FSH at least at one time point (week 2, 3, 4, 5, or 6) below 0.5 1U/L are reported and p levels according to chi-square tests are given. IQR, interquartile range. Post
hoc tests between dosing groups were not significant and corrected according to Bonferroni. Values in bold have been tested for statistical significance.

Figure 3 Serum concentrations of total testosterone during treatment with various progestins (CPA = cyproterone acetate. NES = nestorone.
NETA = norethisterone acetate. LNG = levonorgestrel) in means. The dose groups have been combined. Error bars are not shown for reasons of legibility.
t-tests for paired samples were calculated for each progestin group during the initial progestin-alone phase (baseline vs. week 2) and respective indicators
are given (**p < 0.01, ***p < 0.001). A red line indicates the threshold to hypogonadism as defined by guidelines of the European Association of Urology is
set at 12 nmol/L (Dohle et al., 2015). [Colour figure can be viewed at wileyonlinelibrary.com].
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demonstrated that an advantage of a testosterone-plus-proges-
tin regimen vs. treatment with T alone exists (Anawalt et al,
1999). It had also been previously demonstrated that suppres-
sion of gonadotropins to <0.5 TU/L is likely to produce an effect
on the suppression of spermatogenesis, but suppression of sper-
matogenesis can also be seen at higher levels of gonadotropins
(McLachlan et al. 2004). The effectiveness of a combination of
injectable or implanted progestins with androgens has been
established in larger trials (Kamischke et al., 2001, 2002; Mom-
mers et al., 2008).

In terms of suppression of gonadotropins in the present trial,
the most robust effect was seen for CPA vs. NES and NETA; how-
ever, CPA effects were not significantly different in some

522 Andrology, 2017, 5, 516-526

analyses vs. LNG. This suppressive effect may be related to the
antiandrogenic action of CPA maintaining a decrease in andro-
gen activity at intratesticular levels, hence able to suppress sper-
matogenesis more efficiently (Nieschlag et al., 2003). CPA has
been combined with injectable testosterone undecanoate before
and was effective in suppression of gonadotropins and sper-
matogenesis (Meriggiola er al, 2003). As demonstrated in
Table 1, CPA was used as a reference in comparison with the
other progestins. Comparing either the suppression index or the
incidence of gonadotropin levels below 0.5 IU/mL showed CPA
in the chosen dose to be more effective than NES and NETA, and
levels of significance vs. LNG were not reached in most compar-
isons. Nevertheless, this might still be compensated by higher

© 2017 American Society of Andrology and European Academy of Andrology
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Figure 4 Sperm concentrations at baseline, week 6 (end of medication
phase), and week 9 (end of wash-out). The different groups according to con-
centration per mL are indicated by colors. Chi-square test for comparison of
baseline to week 6: the overall difference was highly significant (p < 0.001).
Putative changes in sperm concentrations were not an end-point of this trial
and are reported for ethical and safety reasons. The margin of 3 million sper-
matozoa/mL is arbitrary and has no direct clinical significance. [Colour figure
can be viewed at wileyonlinelibrary.com].
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Table 2 Safety parameters

ANDROLOGY

doses of other progestins, also in purely transdermal
approaches, for example, using NES and testosterone gel (Ilani
et al., 2012; Roth et al., 2013, 2014).

Hence, based on our findings, oral CPA and also oral LNG are
promising agents for hormonal male contraception. As a purely
transdermal regimen, nestorone gel in combination with testos-
terone gel has a good potential, and subsequent studies showed
its efficacy in sperm suppression (Ilani et al., 2012). The antian-
drogenic properties may be a disadvantage of CPA for future
development as well as the combination of oral administration
with another mode of delivery for testosterone.

For every progestin involved in male contraception, the effec-
tive dose has to be titrated. However, we did not show significant
differences in the doses tested here for each of the progestin. It
was shown in another 6-month study (Ilani et al, 2012) that the
new progestin nestorone, although active at microgram levels,
requires a dosage higher than the one used here to suppress
spermatogenesis. Combining NES gel with testosterone gel may
therefore offer a total transdermal regimen for hormonal male
contraception.

A clinically relevant topic in hormonal male contraception is
also the recovery of spermatogenesis. Although suppression of
spermatogenesis and the respective recovery cannot be eluci-
dated within this short-term trial, we saw effects of suppression
and regaining of sperm concentrations (Fig. 4). Nevertheless,
also in trials of longer duration, recovery of spermatogenesis is
reliable after hormonal male contraception, albeit depending on
co-factors such as duration of suppression (see a summary of
data in: Liu et al., 2006).

Parameter Group 1+2 (CPA) Group 3+4 (NES) Group 5+6 (NETA) Group 7+8 (LNG)
Mean SEM Mean SEM Mean SEM Mean SEM

Hemoglobin g/L

Week 0 15.20 0.28 15.66 0.25 14.92 0.28 15.05 0.26

Week 2 14.72* 0.25 15.18* 0.25 14.51* 0.21 14.35* 0.28

Week 6 14.56** 0.27 15.25* 0.26 14.49™° 0.23 14.73* 0.27

Wash-out, Week 9 14.60 0.19 15.36 0.25 14.69 0.19 14.87 0.31
Hematocrit %

Week 0 44.61 0.80 45.78 0.69 44.44 0.64 44.44 0.67

Week 2 42.83* 0.70 44.18* 0.73 42.99** 0.55 42.79* 0.75

Week 6 42.39** 0.84 44.45* 0.66 43.39™° 0.50 43.68"* 0.66

Wash-out, Week 9 43.14 0.65 45.286 0.71 44.31 0.50 44.05 0.78
hsCRP ng/mL

Week 0 0.12 0.03 0.06 0.02 0.12 0.08 0.09 0.03

Week 2 0.15"* 0.04 0.11™* 0.03 0.40™* 0.23 0.09"* 0.04

Week 6 0.09"* 0.03 0.05"* 0.01 0.16* 0.09 0.11"* 0.06

Wash-out, Week 9 0.09 0.03 0.05 0.01 0.36 0.20 0.09 0.03
QUICKI

Week 0 0.355 0.009 0.354 0.011 0.362 0.011 0.378 0.012

Week 2 0.315** 0.010 0.297*** 0.007 0.312** 0.011 0.316** 0.013

Week 6 0.337"* 0.008 0.357™* 0.010 0.332%* 0.011 0.334* 0.012

Wash-out Week 9 0.348 0.010 0.339 0.010 0.359 0.010 0.332 0.010
PSA ng/L

Week 0 0.79 0.10 0.65 0.08 0.80 0.09 0.71 0.08

Wash-out, week 9 0.82 0.07 0.66 0.06 0.87 0.09 0.71 0.09
BMIkg x m—2

Week 0 26.02 0.74 2517 0.74 24.47 0.58 24.41 0.81

Wash-out, Week 9 25.99 0.69 25.35 0.70 24.83 0.50 24.52 0.65

Changes from baseline to weeks 2 and 6, respectively, are analyzed by anova for repeated measurements. Levels of significant or non-significant changes are indicated by
asterisks (***p < 0.001. **p < 0.01. *p < 0.05. n.s.p > 0.05). TT, total testosterone; hsCRP, high-resolution C-reactive Protein; QUICKI, Quantitative Insulin Sensitivity
Check Index (1/(Log Insulin+Log Glucose), lower values indicate decreased insulin sensitivity. Note that there is no statistical evaluation of wash-out values vs. baseline val-
ues in order to reduce the number of comparisons. Post hoc tests included a correction according to Bonferroni. Values in bold have been tested for statistical significance.
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Table 3 Lipid parameters

Parameters All groups combined

Baseline Week 2 Week 6 p Wash-out, week 9

Mean SEM Mean SEM Mean SEM Mean SEM
Total Chol mg/dL 186.3 468 169.7 433 1733 457 <0.001 1824 5.01
Triglycerides mg/dL ~ 122.3  8.57 941 6.73 909 551 <0.001 1124 8.48
HDL Chol mg/dL 608 203 548 1.69 541 145 <0.001 60.2 2.43
LDL Chol mg/dL 101.1 441 95.9 4.1 99.6 4.46 0.03 99.7 4.55
Lp(a) mg/dL 30.3 5.56 30.5 5.39 26.6 5.66 0.107 27.4 4.87

Changes from baseline to weeks 2 and 6 for lipid parameters, respectively, are analyzed by anova for repeated
measurements. p values for overall models are given. Post hoc tests between progestin groups and weeks 2 vs.
6 revealed no significant results. Note that there is no statistical evaluation of wash-out values vs. baseline
values. Chol: Cholesterol, Lp(a): lipoprotein (a). Post hoc tests included a correction according to Bonferroni.

Values in bold have been tested for statistical significance.

The 2-week phase of progestin-alone application led to mark-
edly lower concentrations of serum testosterone (Fig. 3). This
short phase of hypogonadism resulted in significant decreases in
hemoglobin content as well as hematocrit and insulin sensitivity,
effects that were attenuated by testosterone substitution in the
following weeks, while application of the progestin continued
(Table 2). There was a marked decrease in fasting serum con-
centrations of total cholesterol, LDL cholesterol, and also HDL
cholesterol, while levels of lipoprotein (a) remained unaffected
(Table 3). Such effects have been described before and should
be part of monitoring the effects of regimens for hormonal male
contraception. On the basis of these data, it cannot be judged
whether this effect could be of clinical relevance in either
direction.

As meta-analysis of patients subjected to androgen ablation
during treatment for advanced stages of prostate cancer indi-
cates impairment of glucose homeostasis (Shahani et al., 2008),
the adverse influence of induced hypogonadism on insulin sen-
sitivity is demonstrated here to occur within 14 days.

Overall, these data may indicate that the short-lived hypogo-
nadism induced by the progestin administered alone is responsi-
ble for side-effects rather than the progestin molecule itself.
However, it has been shown previously that progestin can have
marked effects on hemostasis or inflammation when adminis-
tered along with testosterone for a longer time period (Zitzmann
et al., 2002, 2005). Also, these results have to be seen within the
limitations of such trials and cannot be generally applied.

Moreover, the possible positive or negative effects exerted by
the different progestins require special attention as has been
shown in a non-human primate model that the prostate-stimu-
lating effect of testosterone can be blocked when administered
together with norethisterone (Wistuba et al., 2012).

There were no significant differences in suppression of gona-
dotropins between dosing groups (see Table 1 and Fig. 2). Thus,
effects on suppression of gonadotropins point toward the future
use of lower doses of progestins in combination with testos-
terone application, which might also be administered transder-
mally. It has only been shown for NES that higher doses might
be favorable (Mahabadi et al., 2009; Ilani et al., 2012; Roth et al.,
2013, 2014).

Altogether, the non-invasive self-administered forms of sex
steroid application, such as oral tablets or transdermal gel are
effective for suppressing gonadotropin production and sper-
matogenesis. Doses of progestins might be chosen also at lower

524  Andrology, 2017, 5, 516-526

levels, as no clear dose-response relationship could be
described. Longer term trials are warranted to determine effec-
tive doses and pathways of application.

ACKNOWLEDGEMENTS

The authors thank Susan Nieschlag, M.A. for language editing,
and Bayer-Schering Pharma, Berlin, Germany for providing the
medication. The study was made possible — thanks to a grant
from the Population Council.

REFERENCES

Aaltonen P, Amory JK, Anderson RA, Behre HM, Bialy G, Blithe D, Bone
W, Bremner W], Colvard D, Cooper TG, Elliesen J, Gabelnick HL, Gu
YQ, Handelsman DJ, Johansson EA, Kersemaekers W, Liu P, MacKay
T, Matlin S, Mbizvo M, McLachlan RI, Meriggiola MC, Mletzko S,
Mommers E, Muermans H, Nieschlag E, Odlind V, Page ST,
Radlmaier A, Sitruk-Ware R, Swerdloff R, Wang C, Wu F & Zitzmann
M. (2007) 10th Summit Meeting consensus: recommendations for
regulatory approval for hormonal male contraception. J Androl 28,
362-363.

Amory JK, Page ST, Anawalt BD, Matsumoto AM & Bremner WJ. (2007)
Acceptability of a combination testosterone gel and
depomedroxyprogesterone acetate male contraceptive regimen.
Contraception 75, 218-223.

Anawalt BD, Bebb RA, Bremner WJ & Matsumoto AM. (1999) A lower
dosage levonorgestrel and testosterone enanthate combination:
effective by suppressing spermatogenesis and circulating
gonadotropin levels with fewer metabolic side effects than high
dosage combinations. J Androl 20, 407-414.

Anawalt BD, Amory JK, Herbst KL, Coviello AD, Page ST, Bremner WJ &
Matsumoto AM. (2005) Intramuscular testosterone enanthate plus
very low dosage oral levonorgestrel suppresses spermatogenesis
without causing weight gain in normal young men: a randomized
clinical trial. J Androl 3, 405-413.

Bebb RA, Anawalt BD, Christensen RB, Paulsen CA, Bremner W] &
Matsumoto AM. (1996) Combined administration of levonorgestrel
and testosterone induces more rapid and effective suppression of
spermatogenesis than testosterone alone: a promising male
contraceptive approach. J Clin Endocrinol Metab 81, 757-762.

Bender R & Lange S. (2001) Adjusting for multiple testing—when and
how? J Clin Epidemiol 54, 343-349.

Brache V, Merkatz R, Kumar N, Jesam C, Sussman H, Hoskin E, Robert
K, Alami M, Taylor D, Jorge A, Croxatto H, Lorange E, Mishell DR &
Sitruk-Ware R. (2015) A dose-finding, cross over study to evaluate
the effect of a Nestorone®/Estradiol transdermal gel delivery on
ovulation suppression in normal ovulating women. Contraception
92, 289-297.

© 2017 American Society of Andrology and European Academy of Andrology



PROGESTINS IN MALE CONTRACEPTION

Biuichter D, von Eckardstein S, von Eckardstein A, Kamischke A, Simoni
M, Behre HM & Nieschlag E. (1999) Clinical trial of transdermal
testosterone and oral levonorgestrel for male contraception. J Clin
Endocrinol Metab 84, 1244-1249.

Cummings DE & Bremner WJ. (1994) Prospects for new hormonal male
contraceptives. Endocrinol Metab Clin North Am 23, 893-922.

Dohle GR, Arver S, Bettocchi C, Jones TH, Kliesch S & Punab M. (2015)
Guidelines on Male Hypogonadism. uroweb.org/wp-content/.../18-
Male-Hypogonadism_LR1.pdf

Ilani N, Roth MY, Amory JK, Swerdloff RS, Dart C, Page ST, Bremner WJ,
Sitruk-Ware R, Kumar N, Blithe DL & Wang C. (2012) A new
combination of testosterone and nestorone transdermal gels for male
hormonal contraception. J Clin Endocrinol Metab 97, 3476-3486.

Kamischke A, Ploger D, Venherm S, von Eckardstein S, von Eckardstein A
& Nieschlag E. (2000) Intramuscular testosterone undecanoate with or
without oral levonorgestrel: a randomized placebo-controlled
feasibility study for male contraception. Clin Endocrinol (Oxf) 53,
43-52.

Kamischke A, Venherm S, Ploger D, von Eckardstein S & Nieschlag E.
(2001) Intramuscular testosterone undecanoate and norethisterone
enanthate in a clinical trial for male contraception. J Clin Endocrinol
Metab 86, 303—-309.

Kamischke A, Heuermann T, Kriiger K, von Eckardstein S, Schellschmidt
I, Rubig A & Nieschlag E. (2002) An effective hormonal male
contraceptive using Testosterone Undecanoate with oral or injectable
Norethisterone preparations. J Clin Endocrinol Metab 87, 530-539.

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G & Quon
M]J. (2000) Quantitative insulin sensitivity check index: a simple,
accurate method for assessing insulin sensitivity in humans. J Clin
Endocrinol Metab 85, 2402-2410.

Knuth UA, Yeung CH & Nieschlag E. (1989) Combination of 19-
nortestosterone-hexyloxyphenylpropionate (Anadur) and depot-
medroxyprogesteron-acetate (Clinovir) for male contraception. Fertil
Steril 51, 1011-1018.

Kumar N, Koide SS, Tsong Y & Sundaram K. (2000) Nestorone: a
progestin with a unique pharmacological profile. Steroids 65,

629-636.

Liu PY, Swerdloff RS, Christenson PD, Handelsman DJ, Wang C &
Hormonal Male Contraception Summit Group. (2006) Rate, extent,
and modifiers of spermatogenic recovery after hormonal male
contraception: an integrated analysis. Lancet 367, 1412-20.

Liu PY, Swerdloff RS, Anawalt BD, Anderson RA, Bremner W], Elliesen J,
Gu YQ, Kersemaekers WM, McLachlan RI, Meriggiola MC, Nieschlag E,
Sitruk-Ware R, Vogelsong K, Wang XH, Wu FC, Zitzmann M,
Handelsman DJ & Wang C. (2008) Determinants of the rate and extent
of spermatogenic suppression during hormonal male contraception:
an integrated analysis. J Clin Endocrinol Metab 93, 1774-1783.

Mahabadi V, Amory JK, Swerdloff RS, Bremner WJ, Page ST, Sitruk-Ware
R, Christensen PD, Kumar N, Tsong YY, Blithe D & Wang C. (2009)
Combined transdermal testosterone gel and the progestin nestorone
suppresses serum gonadotropins in men. J Clin Endocrinol Metab 94,
2313-2320.

McLachlan RI, Robertson DM, Pruysers E, Ugoni A, Matsumoto AM,
Anawalt BD, Bremner WJ & Meriggiola C. (2004) Relationship between
serum gonadotropins and spermatogenic suppression in men
undergoing steroidal contraceptive treatment. J Clin Endocrinol Metab
89, 142-149.

Meriggiola MC, Bremner W]J, Costantino A, Di Cintio G & Flamigni C.
(1998) Low dose of cyproterone acetate and testosterone enanthate for
contraception in men. Hum Reprod 13, 1225-1229.

Meriggiola MC, Costantino A, Cerpolini S, Bremner WJ, Huebler D,
Morselli-Labate AM, Kirsch B, Bertaccini A, Pelusi C & Pelusi G. (2003)
Testosterone undecanoate maintains spermatogenic suppression
induced by cyproterone acetate plus testosterone undecanoate in
normal men. J Clin Endocrinol Metab 88, 5818-5826.

© 2017 American Society of Andrology and European Academy of Andrology

ANDROLOGY

Mommers E, Kersemaekers WM, Elliesen J, Kepers M, Apter D, Behre
HM, Beynon J, Bouloux PM, Costantino A, Gerbershagen HP,
Grenlund L, Heger-Mahn D, Huhtaniemi I, Koldewijn EL, Lange C,
Lindenberg S, Meriggiola MC, Meuleman E, Mulders PF, Nieschlag E,
Perheentupa A, Solomon A, Viisala L, Wu FC & Zitzmann M. (2008)
Male hormonal contraception: a double-blind, placebo-controlled
study. J Clin Endocrinol Metab 93, 2572-2580.

Nieschlag E. (2010) Clinical trials in male hormonal contraception.
Contraception 82, 457-470.

Nieschlag E. (2011) The struggle for male hormonal contraception. Best
Pract Res Clin Endocrinol Metab 25, 369-375.

Nieschlag E, Zitzmann M & Kamischke A. (2003) Use of progestins in
male contraception. Steroids 68, 965-972.

Page ST, Amory JK, Anawalt BD, Irwig MS, Brockenbrough AT,
Matsumoto AM & Bremner WJ. (2006) Testosterone gel combined with
depomedroxyprogesterone acetate is an effective male hormonal
contraceptive regimen and is not enhanced by the addition of a GnRH
antagonist. J Clin Endocrinol Metab 91, 4374-4380.

Paulsen CA, Bremner WJ & Leonard JM. (1982) Male contraception:
clinical trials. In: Advances in Fertility Research(ed. DR Mishell), pp.
157-170. Raven Press, New York.

Piotrowska K, Wang C, Swerdloff RS & Liu PY. (2016) Male hormonal
contraception: hope and promise. Lancet Diabetes Endocrinol. doi: 10.
1016/S2213-8587(16)00034-6. [Epub ahead of print].

Roth MY, Ilani N, Wang C, Page ST, Bremner WJ, Swerdloff RS, Dart C,
Sitruk-Ware R, Kumar N, Blithe D & Amory JK. (2013) Characteristics
associated with suppression of spermatogenesis in a male hormonal
contraceptive trial using testosterone and Nestorone(®) gels.
Andrology 1, 899-905.

Roth MY, Shih G, Ilani N, Wang C, Page ST, Bremner WJ, Swerdloff RS,
Sitruk-Ware R, Blithe DL & Amory JK. (2014) Acceptability of a
transdermal gel-based male hormonal contraceptive in a randomized
controlled trial. Contraception 90, 407-412.

Shahani S, Braga-Basaria M & Basaria S. (2008) Androgen deprivation
therapy in prostate cancer and metabolic risk for atherosclerosis.

J Clin Endocrinol Metab 93, 2042-2049.

Sitruk-Ware R. (2004) Pharmacological profile of progestins. Maturitas
47,277-283.

Sitruk-Ware R, Small M, Kumar N, Tsong YY, Sundaram K & Jackanicz T.
(2003) Nestorone: clinical applications for contraception and HRT.
Steroids 68, 907-913.

Snyder PJ, Bhasin S, Cunningham GR, Matsumoto AM, Stephens-Shields
AJ, Cauley JA, Gill TM, Barrett-Connor E, Swerdloff RS, Wang C,
Ensrud KE, Lewis CE, Farrar JT, Cella D, Rosen RC, Pahor M, Crandall
JP, Molitch ME, Cifelli D, Dougar D, Fluharty L, Resnick SM, Storer
TW, Anton S, Basaria S, Diem SJ, Hou X, Mohler ER 3rd, Parsons JK,
Wenger NK, Zeldow B, Ellenberg SS & Testosterone Trials
Investigators. (2016) Effects of testosterone treatment in older men.

N Engl ] Med 374, 611-624.

Srinath BR, Wickings EJ, Witting C & Nieschlag E. (1983) Active
immunization with follicle-stimulating hormone for fertility
control: a 4 1/2-year study in male rhesus monkeys. Fertil Steril
40, 110-117.

Steidle C, Schwartz S, Jacoby K, Sebree T, Smith T & Bachand R. (2003)
Testosterone gel normalizes androgen levels in aging males with
improvements in body composition and sexual function. J Clin
Endocrinol Metab 88, 2673-2681.

Swerdloff RS, Pak Y, Wang C, Liu PY, Bhasin S, Gill TM, Matsumoto
AM, Pahor M, Surampudi P & Snyder PJ. (2015) Serum Testosterone
(T) level variability in T Gel-treated older hypogonadal men:
treatment monitoring implications. J Clin Endocrinol Metab 100,
3280-3287.

Wang C, Swerdloff RS, Iranmanesh A, Dobs A, Snyder PJ, Cunningham G,
Matsumoto AM, Weber T, Berman N & Testosterone Gel Study Group.
(2000) Transdermal testosterone gel improves sexual function, mood,

Andrology, 2017, 5, 516-526 525


https://doi.org/10.1016/S2213-8587(16)00034-6
https://doi.org/10.1016/S2213-8587(16)00034-6

M. Zitzmann et al.

muscle strength, and body composition parameters in hypogonadal
men. J Clin Endocrinol Metab 85, 2839-2853.

WHO (World Health Organization) (1972-1983) Special Programme of
Research Development and Research Training in Human
Reproduction. Annual Reports, WHO: Geneva.

WHO (World Health Organization) Task Force on Methods for the
Regulation of Male Fertility. (1990) Contraceptive efficacy of
testosterone-induced azoospermia in normal men. Lancet 336, 955—
959.

WHO (World Health Organization) (1992) Special Programme on
Research, Development and Research Training in Human
Reproduction. Annual Technical Report 1991. WHO, Geneva.

WHO (World Health Organization) (1993) Special Programme of
Research Development and Research Training in Human
Reproduction Annual Technical Report 1992, WHO, Geneva.

526  Andrology, 2017, 5, 516-526

ANDROLOGY

WHO (World Health Organization). (2010) Laboratory manual for the
examination of human semen and sperm—cervical mucus interaction,
WHO 5th ed. WHO June 2010.

Wistuba J, Nieschlag E, Semjonow A, Sandhowe-Klaverkamp R,
Friderichs-Gromoll S, Zitzmann M, Simoni M & Luetjens CM. (2012)
Testosterone-induced prostate growth is blocked by co- and
preadministration of norethisterone enanthate in castrated
cynomolgus monkeys. Urol Int 88, 358-364.

Zitzmann M, Junker R, Kamischke A & Nieschlag E. (2002) Contraceptive
steroids influence the hemostatic activation state in healthy men.

J Androl 23, 503-511.

Zitzmann M, Erren M, Kamischke A, Simoni M & Nieschlag E (2005)
Endogenous progesterone and the exogenous progestin
norethisterone enanthate are associated with a proinflammatory
profile in healthy men. J Clin Endocrinol Metab 90, 6603-6608.

© 2017 American Society of Andrology and European Academy of Andrology



