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Pharmacokinetics and Pharmacodynamics of Oral Testosterone
Enanthate Plus Dutasteride for 4 Weeks in Normal Men:
Implications for Male Hormonal Contraception
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ABSTRACT: Oral administration of testosterone enanthate (TE)
and dutasteride increases serum testosterone and might be useful
for male hormonal contraception. To ascertain the contraceptive
potential of oral TE and dutasteride by determining the degree of
gonadotropin suppression mediated by 4 weeks of oral TE plus
dutasteride, 20 healthy young men were randomly assigned to
4 weeks of either 400 mg oral TE twice daily or 800 mg oral TE once
daily in a double-blinded, controlled fashion at a single site. All men
received 0.5 mg dutasteride daily. Blood for measurement of serum
luteinizing hormone (LH), follicle-stimulating hormone (FSH), testos-
terone, dihydrotesterone (DHT), and estradiol was obtained prior to
treatment, weekly during treatment, and 1, 2, 4, 8, 12, 13, 14, 16, 20,
and 24 hours after the morning dose on the last day of treatment.

FSH was significantly suppressed throughout treatment with 800 mg
TE once daily and after 4 weeks of treatment with 400 mg TE twice
daily. LH was significantly suppressed after 2 weeks of treatment
with 800 mg TE, but not with 400 mg TE. Serum DHT was
suppressed and serum estradiol increased during treatment in both
groups. High-density lipoprotein cholesterol was suppresed during
treatment, but liver function tests, hematocrit, creatinine, mood, and
sexual function were unaffected. The administration of 800 mg oral
TE daily combined with dutasteride for 28 days significantly
suppresses gonadotropins without untoward side effects and might
have utility as part of a male hormonal contraceptive regimen.
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t was first demonstrated in 1939 that the chronic

administration of testosterone reversibly inhibits
sperm production in men (Heckel, 1939). Testosterone
exerts its contraceptive effect by suppressing the
secretion of luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) from the pituitary. Low
levels of LH and FSH deprive the testis of the
stimulatory signals required for spermatogenesis, lead-
ing to markedly decreased sperm concentrations in all
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men and infertility in most, but not all, cases (Matthies-
son and McLachlan, 2006).

One of the main challenges in the development of a
male hormonal contraceptive is the need for parenteral
administration of testosterone, which has been admin-
istered by intramuscular injections or transdermally in
experimental contraceptive trials (Brady et al, 2006;
Page et al, 2006). When surveyed, however, a majority
of men state a preference for an oral form of
contraceptive delivery (Martin et al, 2000; Weston et
al, 2002; Heinemann et al, 2005). Unfortunately, in the
United States there is currently no safe form of oral
androgen therapy that could be incorporated in a trial
of male hormonal contraception. To address this
issue, our group has recently studied oral testosterone
enanthate (TE) combined with the S«-reductase inhib-
itors dutasteride and finasteride, which inhibit the
metabolism of testosterone to dihydrotestosterone
(DHT). This combination of agents results in ecleva-
tions of serum testosterone levels to the normal range
for 8-12 hours in medically castrated men (Amory
and Bremner, 2005; Amory et al, 2006). In addition,
serum DHT levels are significantly suppressed.
Such long-term DHT suppression could enhance the
efficacy, safety, and appeal of a male hormonal
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contraceptive regimen, since the inhibition of
DHT production might reduce the risk of diseases,
such as prostate hyperplasia and/or prostate cancer,
acne, and male pattern baldness (Thompson et al,
2003; Marberger, 2006; Olsen et al, 2006: Otberg et al,
2007). Moreover, chronic administration of du-
tasteride to normal men significantly decreases sperm
count and could therefore improve suppression of
spermatogenesis in a contraceptive regimen (Amory et
al, 2007).

While our initial studies have demonstrated the
plausibility of using oral TE plus dutasteride for male
hormonal contraception, the degree of gonadotropin
suppression mediated by oral testosterone as well as the
safety of extended oral administration of TE plus
dutasteride are unknown. We hypothesized that
1 month of oral TE plus dutasteride would effectively
suppress FSH and LH below the lower limit of the
normal range. This degree of gonadotropin suppression
has been shown to suppress spermatogenesis when
administered to men for at least 12 weeks (Matthiesson
and McLachlan, 2006). In addition, we hypothesized
that once-daily dosing of oral TE would be as effective
as twice-daily dosing in terms of gonadotropin suppres-
sion, and that 4 weeks of oral TE would be safe and
well tolerated without any significant impact on health,
mood, or sexual function. Therefore, to determine the
safety and efficacy of chronic oral TE plus dutasteride
for male hormonal contraception, we conducted a
randomized, double-blinded trial of 4 weeks of oral
TE plus dutasteride in healthy men.

Subjects and Methods

Subjects

A total of 20 men ages 18-55 years and in good health
were recruited through local newspapers and campus
fliers. After informed consent was obtained, subjects
underwent screening procedures consisting of a medical
history, a physical examination, and measurements of
serum hormone levels and routine laboratory tests
(complete blood count, serum chemistry), and prostate
specific antigen (PSA). Specific exclusion criteria in-
cluded: body mass index greater than 35, history or
current use of testosterone, infertility, poor general
health, significantly abnormal laboratory results, history
of testicular disease or severe testicular trauma, a history
of sleep apnea and/or major psychiatric disorders, use of
illicit drugs, or the use of more than 3 alcoholic
beverages daily. The University of Washington Investi-
gational Review Board approved all aspects of this
study before study initiation. This study was registered
in advance at clinicaltrials.gov as study NCT00399165.

261

Study Design

We conducted a randomized, double-blinded, 2-arm
study of 4 weeks of oral TE plus dutasteride in healthy
men. For the study, TE in sesame oil (Delatestryl,
Indevus Pharmaceuticals, Lexington, Massachusetts) and
placebo sesame oil were prepared in syringes by the
hospital pharmacist at the University of Washington.
Subjects self-administered oral TE once or twice daily
during treatment. There were no restrictions placed on
concomitant food intake. For inhibition of Sa-reductase,
a loading dose of 24.5 mg dutasteride (GlaxoSmithKline,
Research Triangle Park, North Carolina) was adminis-
tered on the first day of the study to achieve rapid
inhibition of both isozymes of Sa-reductase (Clark et al,
2004). Thereafter, subjects self-administered 0.5 mg daily
for the remaining 27 days with their morning TE syringe.
Subjects were randomly assigned to either 1) 400 mg TE
in sesame oil by mouth twice daily or 2) 800 mg TE in
sesame oil by mouth every morning plus placebo sesame
oil every evening. Dose assignment/randomization was
performed by the hospital pharmacist using a random
number sequence. Subjects and study investigators were
blinded to study group so that subjective assessments of
mood and sexual function would not be biased. At the
first study visit, the subjects were instructed on self-
administration of the study drug and given a study
medication record to record both the timing of each
subsequent dose of study medication and any illnesses or
adverse reactions to study medications. During treat-
ment, subjects had weekly physical examinations by
study personnel and blood tests for measurement of
serum LH, FSH, testosterone, DHT, and estradiol as well
as blood counts and serum chemistries, including liver
function tests. Fasting serum lipids (total cholesterol,
high-density lipoprotein [HDL] cholesterol, low-density
lipoprotein [LDL] cholesterol, triglycerides) and serum
PSA were measured at baseline and at after 4 weeks of
treatment. In addition, subjects completed validated
questionnaires assessing mood and sexual function
(McNair et al, 1971; O’Leary et al, 1995) at baseline
and after 4 weeks of treatment.

On the last day of dosing of the 28-day study period,
subjects were admitted to the clinical research center at
the University of Washington and underwent 24-hour
sampling of their serum concentrations of testosterone,
DHT, and estradiol. Blood was drawn before dosing
and 1, 2,4, 8, 12, 13, 14, 16, 20, and 24 hours after their
morning dose to allow for analysis of the steady-state
pharmacokinetics of oral TE. Three to four weeks after
the last dose of oral TE, subjects returned to clinic for a
follow-up physical examination and blood tests. The
study was designed with the primary endpoint as the
suppression of LH and FSH after 28 days of therapy by
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oral testosterone plus dutasteride. Before the study, it
was determined that a sample size of 10 subjects per
group conferred an 80% power to detect a difference of
greater than 0.4 TU/L in serum LH between the 2 doses
of oral TE.

Measurements

FSH and LH levels were measured by immunofluoro-
metric assay (Delfia; Wallac Oy, Turku, Finland). The
sensitivity of the assay for FSH and LH was 0.016 TU/L
and 0.019 TU/L, respectively. For low-, mid-, and high-
pooled values of 0.05, 1.0, and 21 TU/L of FSH, the
intra-assay coefficients of variation were 5.9%, 3.0%,
and 3.0%, and the interassay coefficients of variation
were 20.7%, 5.0%, and 6.2%, respectively. For low-,
mid-, and high-pooled values of 0.06, 1, and 16 TU/L of
LH, the intra-assay coefficients of variation were 12.6%,
5.6%, and 4.1%, and the interassay coefficients of
variation were 16.5%, 13.9%, and 10.5%, respectively.
The normal ranges were 1.2-7.3 TU/L for LH and 1.1-
6.7 IU/L for FSH. Serum total testosterone was
measured by a radioimmunoassay (Diagnostic Products
Corp, Webster, Texas). The assay had a sensitivity of
0.35 nmol/L and interassay variations for low, mid, and
high pools of 13.6%, 6.1%, and 6.8%, and intra-assay
variations of 10.0%, 5.3%, and 6.6%. The normal range
was 8.7-33 nmol/L. Serum estradiol was measured using
a radioimmunoassay (Diagnostic Products). The assay
had a sensitivity of 20 pmol/L and interassay and intra-
assay coefficients of variation of 8.1% and 7.1%,
respectively. The normal value for estradiol in men
was <220 pmol/L. DHT was measured using high-
performance liquid chromatography—mass spectroscopy
as described previously (Kalhorn et al, 2007). Intra-
assay coefficients of variation generated using human
serum for low-, mid-, and high-range samples were
15.8%, 4.3%, and 6.3% for DHT. The normal range for
serum DHT was 1.0-3.1 nmol/L.

Statistical Analysis

Serum testosterone, DHT, and estradiol were natural
log-transformed prior to analysis. Due to nonnormal
distributions, even after transformation, serum LH and
FSH were analyzed in a nonparametric fashion. Baseline
characteristics and laboratory values were compared
using a 2-sample ¢ test. Changes from baseline in serum
hormones were analyzed using a paired ¢ test (for serum
testosterone, DHT, and estradiol) or a Wilcoxon sign-
rank test (for LH and FSH) with a Bonferroni
correction for multiple comparisons. Differences be-
tween dose groups were compared with a 2-sample ¢ test
with unequal variances (for serum testosterone, DHT,
and estradiol) or a Wilcoxon rank-sum test (for LH and
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FSH). Responses on the sexual function and mood
questionnaires from baseline and between groups were
compared using an extended y? test. For the analysis of
the serum hormone concentrations during the last
24 hours of dosing, maximum concentration after
dosing (Cphax), time to maximum concentration (Tpax),
area under the curve (AUC), and elimination phase half-
life (Ty,) were calculated for each subject using a
computer program (PK Solutions, Golden, Colorado)
after correction for baseline values. Pharmacokinetic
parameters between doses were compared using the
Wilcoxon rank-sum test. Correlations between the
degree of gonadotropin suppression and pharmacoki-
netic parameters were performed using the Spearman
technique. All statistical analyses were performed using
STATA (College Park, Texas). For all comparisons, an
o of .05 was considered significant.

Results
Subjects

A total of 21 subjects were screened for participation in
this study; 20 met all inclusion criteria and were
randomized to treatment. The subject who failed to
meet entry criteria had a serum testosterone level below
the normal range on 2 occasions. Of the 20 men enrolled
in the study, 10 received 400 mg TE twice daily, and 10
received 800 mg TE once daily. There were no
significant hormonal or anthropomorphic differences
between the treatment groups (Table 1). All subjects
completed the study, and none were lost to follow-up.
Compliance with the dosing regimen was greater than
95% on average, and no subject missed more than 20%
of his medication doses. Therefore, results from all 20
subjects were analyzed.

A total of 16 subjects reported 29 adverse events
during the study. The most common adverse events were
headache (7 subjects), upper respiratory infections (5
subjects), stomach pain/reflux (4 subjects), and back
pain (2 subjects). Side effects of particular interest
thought to be related to the study medication in
included acne (2 subjects) and a transient decrease in
libido (1 subject). In addition, 1 subject complained of
unusually vivid dreams. There were no serious adverse
effects.

Serum Steroid Hormones

During treatment, predose (nadir) serum testosterone
remained in the normal range and did not significantly
differ from baseline (Figure 1A); however, serum DHT
was significantly suppressed (Figure 1B), and serum
estradiol was significantly increased (Figure 1C). There
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Table 1. Baseline characteristics of study subjects (mean = SD)

400 mg Twice Daily

800 mg Once Daily

(n=10) (n =10) P
Age, y 36 + 6.1 35 = 11 .78
Weight, kg 95 = 11 84 = 11 .05
Height, cm 181 =7 179 £ 8 .60
Body mass index, kg/m? 29 + 4.6 26 +25 .10
Total testosterone, nmol/L 12.3 £ 4.0 12.6 = 3.3 .75
Dihydrotestosterone, nmol/L 1.0 = 0.7 1.4 £ 0.6 .21
Estradiol, pmol/L 87 £ 26 103 = 27 .22
Luteinizing hormone, 1U/L 3.0 0.7 46 =43 .26
Follicle-stimulating hormone, IU/L 27 +1.6 3.7+ 4.0 A7

were no significant differences between groups in
predose (nadir) serum testosterone, DHT, or estradiol.
Serum testosterone and estradiol concentrations re-
turned to baseline values after treatment; however,
serum DHT remained significantly suppressed 14 days
after the completion of TE and dutasteride dosing
(Figure 1B).

Steroid Hormone Pharmacokinetics

During the 28th day of treatment, mean serum
testosterone was significantly increased above baseline
by both twice-daily 400 mg TE and once-daily 800 mg
TE within 1 hour of dosing (Figure 2A and B). Mean
serum testosterone remained significantly elevated
above baseline for 8 hours in the once-daily 800 mg
TE group and for 2 hours in the twice-daily 400 mg TE
group after the morning dose. In addition, the serum
testosterone concentrations in the 800 mg TE group
were significantly greater than those in the twice-daily
400 mg TE group for 12 hours after dosing. Interest-
ingly, the evening dose of TE in the twice-daily 400 mg
TE group did not result in nearly the postdose elevation
of serum testosterone observed after the morning dose.
The mean C,,, of serum testosterone was significantly
greater in the once-daily 800 mg TE group compared
with the twice daily 400 mg TE group. In addition, the
AUC over 24 hours for testosterone was significantly
greater with 800 mg once daily compared with the
400 mg twice daily (906 = 612 nmol-h/L vs 249 =+
154 nmol-h/L; P < .01; Table 2).

During the 28th day of treatment, mean serum DHT
was significantly increased above baseline by both twice-
daily 400 mg TE and once-daily 800 mg TE immediately
within 1 hour of dosing (Figure 2C and D), but it
remained below the lower limit of normal in the 400 mg
twice-daily group. Mean serum DHT remained signif-
icantly elevated compared with baseline and within the
normal range for 8§ hours in the once-daily 800 mg TE
group and for 4 hours in the twice-daily 400 mg TE
group only after the morning dose. The serum DHT

concentrations in the 800 mg TE group were signifi-
cantly greater than those in the twice-daily 400 mg TE
group for 14 hours after the morning dose. As was
observed with the serum testosterone concentrations,
the evening dose of TE in the twice-daily 400 mg TE
group did not result in nearly the postdose elevation of
serum DHT observed after the morning dose. The mean
Chax of serum DHT was significantly greater in the
once-daily 800 mg TE group compared with the twice
daily 400 mg TE group. In addition, the AUC over
24 hours for DHT was significantly greater with 800 mg
once daily compared with the 400 mg twice daily (23 =
3.5 nmol-h/L vs 7.9 = 1.3 nmol-h/L; P < .01; Table 2).

Mean serum estradiol was significantly increased above
baseline by both twice-daily 400 mg TE and once-daily
800 mg TE within 1 hour of dosing (Figure 2E and F).
Mean serum estradiol remained significantly elevated for
8 hours in the once-daily 800 mg TE group and for
2 hours in the twice-daily 400 mg TE group after the
morning dose. In addition, the serum estradiol concen-
trations in the 800 mg TE group were significantly greater
than those in the twice-daily 400 mg TE group for
4 hours after dosing. In contrast to the marked difference
observed for serum testosterone between the morning and
evening doses, the serum estradiol concentrations ob-
served after the evening dose of TE in the twice-daily
400 mg TE group were very similar to those observed
after the morning dose, and the C,,,x and AUC did not
differ between treatment groups (Table 2).

Gonadotropin Suppression

There were no significant differences in serum FSH or
LH at baseline between the dose groups (Table 1).
During treatment, median serum FSH was significantly
decreased in the once-daily 800 mg TE group through-
out treatment, whereas median serum FSH was signif-
icantly decreased only after 4 weeks of treatment with
400 mg TE twice daily (Figure 3A). In contrast, median
serum LH was significantly suppressed only at 2 weeks
of treatment in the once-daily 800 mg TE group
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Figure 1. Nadir serum testosterone (A), dihydrotestosterone (DHT) (B), and estradiol (C) concentrations (mean = SD) prior to, during, and after
oral administration of 400 mg twice daily or 800 mg once daily of testosterone enanthate (TE) in oil with dutasteride for 28 days in healthy men.
The dotted lines represent the lower limits of the normal range for testosterone and DHT and the upper and lower limits of the normal range for
estradiol. * indicates P < .05 compared with baseline.
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Figure 2. Serum testosterone, DHT, and estradiol concentrations (mean = SEM) over 24 hours on the 28th day of oral administration of
400 mg twice daily (A, C, E) or 800 mg once daily (B, D, F) of TE in oil with dutasteride. The dotted lines represent the lower limits of the normal
range. * indicates P < .05 compared with baseline; ¢ P < .05 between dose groups at a given time point.

(Figure 3B). Both FSH and LH had returned to normal
2 weeks after treatment.

After 28 days of treatment in the 400 mg twice-daily
TE group, only 1 subject was suppressed below the
lower limit of the normal range for serum FSH
compared with 6 of 10 subjects in the 800 mg once-
daily group (P = .057). Similarly, only 1 subject in the
400 mg twice-daily TE group was suppressed below the
lower limit of the normal range for serum LH, compared
with 3 of 10 subjects in the 800 mg once-daily group (P
= .58). Interestingly, 1 subject in the 800 mg TE once-
daily group had his gonadotropins suppressed to below
the lower limit of quantitation for both the FSH and the

LH assay after 3 weeks of treatment. Intriguingly, this
subject exhibited the highest serum concentrations of
estradiol but not testosterone during treatment. When
all subjects were considered together, the percentage
suppression of FSH was significantly correlated with the
AUC for estradiol (r = 0.53, P = .01), but not with any
other individual pharmacokinetic, hormonal, or anthro-
pomorphic parameter.

Laboratory Monitoring

During treatment, there was a significant decrease in
serum PSA observed in the twice-daily TE group
(Table 3). In addition, a significant decrease in serum
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Table 2. Serum testosterone, dihydrotestosterone (DHT), and estradiol pharmacokinetic parameters (mean = SEM) over 24
hours on the 28th day of oral administration of 400 mg twice daily or 800 mg once daily of testosterone enanthate (TE) in oil
with dutasteride in healthy men

Dose Cinax, NMol/L Tmax, AUC, nmol-h/L Ty, h

Testosterone

400 twice daily 102 + 62 26 + 34 249 + 154 75+ 15

800 once daily 316 + 2122 1.3+ 0.5 906 + 6122 6.9 = 2.7
DHT

400 twice daily 0.9 = 0.2 25+ 04 79 +13 7.0 =11

800 once daily 41 =092 1.6 £ 0.2 23 = 3.5° 6.3 +1.0
Estradiol

400 twice daily 372 = 59 2.7 = 3.4 3268 = 457 11 = 3.8

800 once daily 481 = 120 1.5+ 0.5 3630 = 1380 15 + 3.7

& P < .01 compared with 400 mg twice daily.

5 A Treatment Period
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4 - ---{3--- 800 mg once daily
Follicle 3
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1
0 | | | | 1 /I/I |
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Time {days)
Figure 3. Serum FSH (A) and LH (B) concentrations (medians and interquartile ranges) prior to, during, and after oral administration of 400 mg

twice daily or 800 mg once daily of TE in oil with dutasteride for 28 days in healthy men. The dotted lines represent the lower limits of the normal
range. * indicates P < .05 compared with baseline.
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Table 3. Liver tests, hematocrit, prostate specific antigen (PSA), creatinine, and serum lipoproteins before and after 4 weeks of

treatment with oral testosterone plus dutasteride

Measurement and Group Baseline Treatment Day 28
Bilirubin, mg/dL

400 mg twice daily 0.8 =0.3 0.8 =0.3

800 mg once daily 0.9 = 0.2 0.9 +0.3
AST, U/L

400 mg twice daily 25+ 2 24 +5

800 mg once daily 27 =9 31 =20
ALT, U/L

400 mg twice daily 28 = 10 26 =

800 mg once daily 28 7 23*+6
Hematocrit, %

400 mg twice daily 45 + 2 44 + 3

800 mg once daily 43 = 5 41 = 4
Creatinine, mg/dL

400 mg twice daily 1.0 = 0.1 1.0

800 mg once daily 1.1 =01 1.0 =
PSA, ng/dL

400 mg twice daily 09 = 0.7 0.6 = 0.5%

800 mg once daily 0.7 =03 0.6 = 0.4
Total cholesterol, mg/dL

400 mg twice daily 205 = 41 205 = 48

800 mg once daily 182 = 20 172 = 29
HDL cholesterol, mg/dL

400 mg twice daily 39 + 12 34 + o°

800 mg once daily 48 = 8 38 + 7°
LDL cholesterol, mg/dL

400 mg twice daily 138 = 34 142 = 41

800 mg once daily 120 = 20 121 = 24
Triglycerides, mg/dL

400 mg twice daily 139 = 98 142 + 88

800 mg once daily 70 = 28 70 = 24

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

& P < .05 compared with baseline.
b P < .01 compared with baseline.

HDL cholesterol was noted in both treatment groups
(Table 3), but no significant change in total cholesterol,
LDL cholesterol, or triglycerides was noted. Weekly
measurements of serum markers of liver function, liver
inflammation, hematocrit, and kidney function did not
change during treatment (Table 3). One subject had an
increase in serum alanine aminotransferase (ALT) of
greater than threefold after 2 weeks of treatment, but
admitted to imbibing approximately 10 alcoholic
beverages prior to his visit. This subject’s serum ALT
normalized despite continued TE treatment.

Mood and Sexual Function

There was no significant difference in any parameter of
mood (Table 4) or sexual function at baseline (Table 5).
During treatment, there was no significant change in
mood as determined by the questionnaire (Table 4). In
addition, no subject complained of worrisome symptoms
of depression, anxiety, or mania. Similarly, there were no
significant changes in sexual function as measured by self-
administered questionnaire, excepting a slight increase in

overall satisfaction with sexual activity noted in the once-
daily 800 mg TE group (Table 5). One subject com-
plained of decreased libido after 2 weeks of treatment;
however, this symptom abated despite continued treat-
ment. At this time, the subject did not complain of
erectile, ejaculatory, or orgasmic dysfunction.

Discussion

In this work, we have shown that the administration of
oral TE plus dutasteride over 4 weeks may be effective
at suppressing serum gonadotropin concentrations to
the extent that oral TE might be useful as part of a long-
term male contraceptive regimen. Suppression of
gonadotropins by oral TE is similar, if slightly inferior,
to that seen after 1 month of weekly injections of
100 mg TE, which leads to azoospermia in roughly one
half of men (Bebb et al, 1996). Therefore, as is the case
with injectable TE, the coadministration of a second
compound, such as a progestogen or a gonadotropin-
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Table 4. Responses to selected questions on the Profile of Mood States mood questionnaire (mean = SD) prior to and after
oral administration of 400 mg twice daily or 800 mg once daily of TE in oil with dutasteride for 28 days in healthy men (n = 10
per group)?

Question and Group Baseline Treatment Day 28

Have you been a very nervous person?

400 mg twice daily 48 £ 0.9 48 +0.8

800 mg once daily 42 +18 47 =18
Did you have a lot of energy?

400 mg twice daily 3.0 =05 32=*=11

800 mg once daily 32+ 11 3.4 +£1.1
Did you feel tired?

400 mg twice daily 45 + 0.7 44 +0.8

800 mg once daily 35 =11 39 + 0.7
Did you feel irritable?

400 mg twice daily 47 = 0.5 49 +1.0

800 mg once daily 44 +0.8 45 +1.0
Were you able to concentrate well?

400 mg twice daily 2.7 =07 23*+05

800 mg once daily 27 =141 3.0x14
Have you felt aggressive?

400 mg twice daily 50 * 0.7 48 +1.0

800 mg once daily 52+ 0.9 52 +1.0
Did you feel good/well?

400 mg twice daily 23*+0.8 21 *+0.6

800 mg once daily 26 +1.0 22 +0.6

& Key: 1 = all of the time, 2 = most of the time, 3 = a good bit of the time, 4 = some of the time, 5 = a little of the time, and 6 = none of the
time.

Table 5. Self-reported sexual function during treatment?®

Domain Baseline Treatment Day 28

Sex drive (0-8)°

400 mg twice daily 55+ 0.7 52 = 0.9

800 mg once daily 50=*=0.8 55 * 0.9
Erectile function (0-12)°

400 mg twice daily 10.6 = 0.7 9.9 + 0.7

800 mg once daily 10.6 = 0.7 9.9 + 0.6
Ejaculatory function (0-8)°

400 mg twice daily 77 £ 04 7.4 + 05

800 mg once daily 71 04 7.5+ 0.8
Freedom from problems with sexual activity (0—12)°

400 mg twice daily 11.0 £ 0.6 10.5 £ 0.5

800 mg once daily 105 = 04 10.6 = 0.5
Overall satisfaction with sexual activity (0—4)'

400 mg twice daily 3.2+ 0.6 29 + 0.7

800 mg once daily 24 =141 3.1 +0.8°

@ Values are mean = SD (n = 10 per group). Higher values represent greater levels of satisfaction.

b Sum of two 4-point Likert scale responses to questions regarding frequency and level of sexual drive.

© Sum of three 4-point Likert scale responses to questions regarding frequency of erections, firmness of erections and ease of sexual activity
with erections.

9 Sum of two 4-point Likert scale responses to questions regarding ease or ejaculation and volume of ejaculate.

¢ Sum of three 4-point Likert scale responses to questions regarding lack of problems associated with sex drive, erectile and ejaculatory
function.

f A single 4-point Likert scale response to question regarding overall level of satisfaction with sex life in the preceding 30 days.

9 P < .05 compared with baseline.
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releasing hormone (GnRH) analog, will be required to
suppress serum gonadotropins to the point where effective
suppression of spermatogenesis could be expected.

The 800 mg once-daily oral dose of TE suppressed
FSH and LH to a much greater degree than the 400 mg
twice-daily dose of oral TE. This difference between
groups was likely due to either the significantly greater
serum concentrations of testosterone, DHT, or estradiol
during treatment. Which of these hormones is most
important for gonadotropin suppression after oral
administration is unclear. On one hand, the AUC and
Chnax Of testosterone and DHT were significantly greater
in the 800 mg once-daily group, whereas the estradiol
pharmacokinetics were similar between groups. On the
other hand, only the AUC for estradiol was the only
parameter significantly correlated with the degree of
gonadotropin suppression during treatment. Clearly,
whether the serum concentration of testosterone, DHT,
or estradiol is more important in gonadotropin sup-
pression will require additional study.

A second notable finding of this study was that the
suppression of serum FSH by oral TE was greater than
the suppression of serum LH. The reason for this is
likely due to the increases in serum estradiol observed
with oral TE. Estradiol acts to inhibit the hypothalamic-
pituitary-gonadal axis at both the hypothalamus and the
pituitary and is thought to provide much of the negative
feedback regulation of FSH secretion in men (Hayes et
al, 2000, 2001). In contrast, DHT likely plays a lesser
role, since men with idiopathic hypogonadotropic
hypogonadism who are stimulated with pulsatile GnRH
do not exhibit feedback inhibition of gonadotropins
when administered an infusion of DHT over 72 hours
(Bagatell et al, 1994). More likely, DHT exerts its
negative feedback effect at the level of the hypothalamus
by inhibiting GnRH pulse amplitude and pulse frequen-
cy, since these are increased in men with congenital 5a-
reductase deficiency (Canovatchel et al, 1994). There-
fore, in our study the marked suppression of DHT by
dutasteride may be allowing for the relative preservation
of LH compared with FSH, which is well suppressed by
the increased serum levels of estradiol.

As in our prior work, oral TE plus dutasteride results
in transient supraphysiologic elevations in serum testos-
terone. Indeed, in this study, the serum testosterone
concentrations were significantly higher than those
observed in our previous work with the same doses of
oral TE (Amory and Bremner, 2005). Since the predose
concentrations of serum testosterone on day 27 were
almost identical to the baseline testosterone concentra-
tions, it is unlikely that this is due to accumulation of
testosterone. In previous studies, we intentionally
inhibited gonadotropin secretion with GnRH analogs
prior to treatment, resulting in castrate baseline
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testosterone concentrations. Since gonadotropin sup-
pression was the primary endpoint in this study, no such
suppression was used, and it is likely that the remaining
LH, although suppressed, still stimulated some endog-
enous production of testosterone. Additional studies
using oral TE in combination with second agents
intended to synergistically suppress gonadotropins will
be required to fully determine the pharmacokinetics of
oral TE in such a contraceptive setting.

One unanticipated feature of the long-term pharma-
cokinetics of oral TE was the marked diminution of the
postdose testosterone peak with the evening adminis-
tration of oral TE in the 400 mg twice-daily group. The
reason for this is unclear but is not likely due to
increased testosterone metabolism at night, since previ-
ous studies of metabolism have determined that
testosterone metabolism is actually reduced at night
(Wang et al, 2004). Our earlier work has demonstrated
the concomitant food intake only slightly reduces serum
testosterone concentrations achieved after oral dosing of
TE in oil (Amory et al, 2006). Since the evening dose was
administered after dinner, delayed postprandial absorp-
tion may play some role in this difference; however, in
general, differences in gastrointestinal transit appear to
explain little of the variability in bioavailability with
most drugs (Riley et al, 1992). Also, this is not due to the
effect of dutasteride “wearing off” by the evening, since
the serum DHT peak was similarly attenuated. Obvi-
ously, further study of this intriguing phenomenon is
required. This observation also suggests the possibility
that dosing the oral TE at night might reduce the
supraphysiologic C,,.x observed with morning doses.
Whether this is possible will be the subject of future
studies of oral TE plus dutasteride. Importantly, there
was no evidence of either liver or kidney toxicity
associated with the doses of oral TE administered in
this study. While no liver inflammation or other serious
adverse events were reported during the 4 weeks of oral
testosterone plus dutasteride, it is possible that such
effects could be observed with more prolonged treat-
ment. Additional studies administering oral testosterone
plus dutasteride for longer periods of time will be
required to determine whether this combination is safe
long term. In theory, the ability to selectively increase
serum testosterone without increasing serum DHT may
be attractive in minimizing the risk for DHT-dependent
disease, such as benign prostatic hyperplasia, acne, and
alopecia, which are associated with testosterone therapy.
It is notable that the serum DHT concentration remained
suppressed during recovery. This is likely due to the long
half-life of dutasteride (Clark et al, 2004).

Notably, no significant changes in mood or sexual
function were noted in these healthy volunteers over
1 month. However, since these subjects were still likely
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producing endogenous testosterone, it is difficult to
conclude that oral TE was able to maintain these
endpoints. Nevertheless, it can be said that the transient
supraphysiologic hormone concentrations observed in
this study did not confer apparent psychologic or
physiologic alterations, as assessed by self-reported
questionnaire.

In conclusion, we have demonstrated that 1 month of
oral TE combined with dutasteride can result in
suppression of FSH and LH in healthy men. Such
gonadotropin suppression would presumably be effec-
tive as part of a male contraceptive regimen in
combination with either a progestogen or a GnRH
analog when administered for periods of at least
12 weeks. Additional, longer-term studies of oral TE
plus dutasteride in combination with one of these agents
are warranted to determine whether oral TE can be a
component of an effective oral form of male contracep-
tion.
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