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Context: Dimethandrolone (DMA) has androgenic and progestational activity. Single oral doses of
DMA undecanoate (DMAU) were well tolerated and reversibly suppressed serum LH and testos-
terone (T) in men.

Objective: Assess safety, tolerability, pharmacokinetics (PK), and pharmacodynamics (PD) of oral
DMAU.

Design: Double-blind, randomized, placebo-controlled study.

Setting: Two academic medical centers.

Participants: Healthy men (18 to 50 years).

Interventions: One hundred men received DMAU [0, 100, 200, or 400 mg, formulated in castor oil/
benzyl benzoate (C) or powder (P)] for 28 days. Subjects underwent 24-hour PK sampling on days 1
and 28 and twice weekly ambulatory visits throughout treatment.

Main Outcome Measures: Primary outcomes were safety and tolerability parameters (vitals, lab-
oratory data, mood, and sexual function scores) and adverse events. Secondary outcomeswere drug
PK profiles and PD effects (serum LH, FSH, and sex hormones).

Results: Eighty-two subjects completed the study and were included in the analysis. There were no
serious adverse events. No clinically significant changes developed in safety laboratory parameters.
A significant dose effect was seen for weight, hematocrit, high-density lipoprotein cholesterol,
corrected QT interval, and sexual desire. Serum 24-hour average concentrations of DMAU and DMA
showed dose-related increases (P, 0.001). All six subjects in the P400 group and 12 of 13 subjects in
the C400 group achieved marked suppression of LH and FSH (,1.0 IU/L) and serum T (,50 ng/dL).

Conclusions: Daily oral administration of DMAU for 28 days in healthy men is well tolerated. Doses
of$200mgmarkedly suppress serum T, LH, and FSH. These results support further testing of DMAU
as a male contraceptive. (J Clin Endocrinol Metab 104: 423–432, 2019)
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In the United States, 45% of pregnancies are unintended
and 42% of these unintended pregnancies end in

abortion (1) resulting in substantial public expenditure
(2). Male contraceptive methods presently available,
namely condoms and withdrawal, have high failure rates
(3) or involve vasectomy, which is difficult to reverse. The
majority of men and women surveyed across ethnicities
and nationalities respond that they are interested in re-
versible hormonal male contraceptives (4, 5) and wel-
come expanded male contraceptive choices.

Hormonal male contraceptive methods in clinical
trials have primarily used testosterone (T) gels, injections,
or implants, with or without a progestin (6). The addition
of a progestin to T increases the proportion of men who
suppress their sperm concentration to ,1 million/mL
(7, 8), a level consistent with .97% contraceptive effi-
cacy (9). Although the results of these studies are
promising, structured interviews with men across three
continents suggest that many men prefer a pill over an
injection (10), results compatible with some survey data
(11). Development of an oral male contraceptive is
therefore desirable to maximize uptake and impact of
new male contraceptive methods.

Dimethandrolone undecanoate (DMAU; 7a,11b-
methyl–19-nortestosterone undecanoate) is hydrolyzed
in vivo to dimethandrolone (DMA). The undecanoate
ester increases absorption and slows the clearance of
DMAU. DMA does not appear to be aromatized or 5a
reduced in vivo (12, 13) and therefore may be a “pros-
tate-sparing” androgen. DMA binds to androgen and
progesterone receptors (14). The relative binding affinity
of DMA, from in vitro receptor binding studies, is 18%
that of progesterone at the progesterone receptor and
400% that of T at the androgen receptor. Therefore,
DMA acts as a very potent androgen with some pro-
gestational activity (14). These are ideal characteristics
for a single-agent male hormonal contraceptive (7, 8). In
preclinical studies, oral DMAU reversibly suppressed
gonadotropins, spermatogenesis, and fertility in rodents
while maintaining androgenic effects (15–17). Therefore,
DMAU is under development by the National Institute of
Child Health and Human Development as an oral male
contraceptive pill.

Single oral doses of DMAU (up to 800 mg), in healthy
men, were safe (18, 19). Coadministration with food
greatly increases absorption, resulting in higher serum
levels of DMA compared with dosing after fasting.
Absorption was marginally better when oral DMAUwas
formulated in castor oil compared with powder, without
additional safety or tolerability concerns. Single
doses $200 mg of DMAU in castor oil, administered
with food, resulted in significant serum gonadotropin

and T suppression. Given these promising findings, DMAU,
formulated in castor oil or powder, progressed to the next
stage of contraceptive development.

We conducted a 28-day repeat-dosing, dose-escalation
study of DMAU formulated in castor oil (100, 200, and
400 mg) and in powder (200 and 400 mg). We hy-
pothesized that oral DMAU, given with food, would be
well tolerated and result in significant, sustained, dose-
dependent suppression of serum gonadotropins and T in
healthy men. In addition, because DMA potently acti-
vates the androgen receptor, we expected that, despite
marked suppression of endogenous T, men would not
have significant symptoms of hypogonadism if adequate
DMA concentrations were maintained throughout the
treatment period.

Materials and Methods

Subjects
This study was conducted at the University of Washington

and Los Angeles Biomedical Research Institute at Harbor-
UCLA Medical Center (LA BioMed), with equal numbers of
subjects enrolled at each site. The institutional review boards for
both participating institutions approved the study protocol.
Subjects were healthy men 18 to 50 years old. Pertinent in-
clusion criteria included general good health and normal re-
productive function, whereas exclusion criteria included
significant medication use or chronic medical conditions (20).

Investigational drug
DMAU was manufactured by Evestra Inc. (San Antonio,

TX) or Ash Stevens Inc. (Detroit, MI). Micronization for
powder formulation was conducted by Micron Technologies
Inc. (Exton, PA). Capsules containing 100 mg DMAU in
powder blend or castor oil/benzyl benzoate, and corresponding
placebo capsules, were manufactured, tested, and packaged
under Good Manufacturing Practice conditions by Stanford
Research International (Menlo Park, CA) or QS Pharma
(Boothwyn, PA).

Study design and procedures
This was a phase 1b, double-blind, placebo-controlled

study. Subjects were randomized to either active drug (n =
15) or placebo (n = 5) in each of five groups: 100, 200, or
400 mg DMAU in 70% castor oil/30% benzyl benzoate (C) or
200 or 400 mg DMAU powder (P) in capsule. Dose escalation
occurred in a stepwise manner following safety reviews (20).
Following screening, subjects were randomized in a 3:1 manner
to active drug or placebo within each stage byHealth Decisions,
the data and statistical coordinating center for the study.
Subjects took the drug daily for 28 consecutive days. Subjects
were admitted to the Clinical Research Centers on days 1 and
28. They underwent observed dosing (after eating breakfast
containing 25 to 30g fat). Hourly vital sign measurements and
serial blood sampling at –0.5, 0, 1, 2, 4, 6, 8, 12, 18, and 24
hours were obtained for quantification of serumDMA,DMAU,
and hormones over 24 hours. ECGs were performed 4 to 6
hours after dosing and before discharge from the Clinical
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Research Centers. Subjects returned twice weekly for safety
assessments and drug accountability. Mood was assessed using
the patient health questionnaire-9 (PHQ-9) questionnaire (21).
Sexual function was assessed using a psychosexual daily
questionnaire (PDQ) for 7 consecutive days (22). Recovery was
assessed at 3 and 6 weeks after the last dose. Subjects exited the
study when hormones returned to the normal range (20).

Laboratory methods

Safety laboratories, serum hormones, DMAU,
and DMA concentrations

The respective licensed clinical laboratory at each site
quantified the safety laboratory assessments. Serum T and
estradiol were measured using liquid chromatography tandem
mass spectrometry assays developed and validated at the En-
docrine and Metabolic Research Laboratory at LA BioMed.
The lower limit of quantification for T is 2 ng/dL (23–25) and 2
pg/mL for estradiol.

Serum LH and FSH levels were measured by an ultra-
sensitive, highly specific fluoroimmunometric assay from Del-
fia (Wallac Oy, Turku, Finland). The LH assay sensitivity was
0.2 IU/L, with intra-assay and interassay variations of 5.1%
and 9.9%, respectively, and cross reactivity with TSH, FSH,
and free a subunit of ,1%. The FSH assay sensitivity was 0.2
IU/L, with intra-assay and interassay variations of 5.8% and
cross-reactivity with LH and free a subunit of ,1% (26, 27).

Serum DMAU and DMA concentrations were measured by
liquid chromatography tandem mass spectrometry using a
method developed and validated at LA BioMed. The lower
limits of quantification for serum DMA and DMAU were
0.5 ng/mL and 1 ng/mL, respectively (18, 19).

Semen analysis
Subjects were asked to refrain from ejaculation for 48 hours

prior to semen collection. The analysis was performed at in-
dividual study sites following the fifth edition of the World
Health Organization Laboratory Manual for the Examination
of Human Semen (28).

Adverse events and medication adherence
Adverse events were collected at each visit and analyzed

using the MedDRA system. Subjects were provided a log to
record breakfast eaten and drug consumed (time and amount),
which was reviewed at each visit.

Outcomes and statistical analyses
All analyses were performed using SAS (version 9.4; Cary,

NC). All subjects receiving placebo across the stages were
pooled into a single group.

Primary outcomes
These includedmeasures of safety and tolerability: vital signs

(pulse, blood pressure, weight), ECG, safety laboratory as-
sessments [including alanine aminotransferase, aspartate ami-
notransferase, hematocrit, prostate-specific antigen (PSA), and
high-density lipoprotein cholesterol (HDL-C) among others],
subject-reported adverse events, and assessment of mood
(PHQ-9) and sexual function (PDQ) by questionnaires. For
these outcomes, we used data from all subjects who received at
least one dose of drug (“all-treated population”) and compared

the absolute change in the numeric value of each parameter
from baseline to day 28.

Parametric analyses using a mixed model were performed to
separately assess the effects of DMAU dose and formulation on
the changes in safety assessments, mood, and sexual function
scores over the treatment period. To assess the interaction, dose
was a continuous variable in the model. To better adjust for
multiple comparisons in the mixed model, P , 0.01 was
considered significant for an effect on any parameter. A higher
numeric value of R2 in this model implies a better predictive
model.

Secondary outcomes
These included pharmacokinetics (PK) profiles of DMAU

and DMA [maximum serum concentrations (Cmax), minimum
serum concentrations (Cmin), average serum concentration
(Cavg), time to achieve Cmax (Tmax), area under the curve
(AUC), andhalf-life],whichwere determinedbynoncompartmental
analysis using data from days 1 and 28. We also analyzed the
pharmacodynamics (PD) effects of DMAU on concentrations
of gonadotropins (LH and FSH) and sex hormones [T, free T,
estradiol, and sex hormone–binding globulin (SHBG)], using
Cavg and AUC for each. We measured sperm concentrations
at baseline and end of treatment. For these secondary outcomes,
we analyzed the “efficacy-evaluable” population, defined as all
treated subjects who used at least 90% of study medication and
had taken their study drug within 1 day of the reported study
visit.

Nonparametric Kruskal-Wallis analysis of variance was
done to compare the changes in the six groups (placebo, C100,
C200, P200, P400, and C400). Wherever P , 0.05 was noted,
further pairwise comparisons were performed using the Mann-
Whitney U test using P , 0.01 as significant, adjusting for
multiple comparisons. Additionally, within-group changes
were assessed by theWilcoxon signed-rank test comparing data
from days 1 and 28, with P , 0.05 considered significant.
Suppression of serum LH and FSH was also calculated as
percentage of subjects receiving active drug where both go-
nadotropins were suppressed to ,1.0 IU/L.

Results

Research participants
Two hundred and two research participants were

screened, 100 were randomized and received study
medication, and 83 completed the study. The study was
designed to complete 20 subjects in each dose group;
however, castor oil capsule leakage limited full enroll-
ment in the C400 group and powder capsule availability
limited it in the P400 group. Among all treated subjects,
compliance was 96%, as assessed by drug accountability
logs and pill counts. Eighty-two subjects constituted the
efficacy-evaluable population. At baseline, there were
no differences in subject characteristics across the six
treatment groups (Table 1). An online repository (20)
summarizes the subject enrollment, disposition, discon-
tinuation, and reasons for discontinuation by treatment
group.
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Safety and tolerability
There were no serious adverse events. Adverse events

deemed related to drug treatment are presented in an
online repository (20). The most common adverse event
overall was headache, reported by 13 subjects [5 of 27
(19%) placebo, 8 of 73 (11%) drug]. Nine subjects [1 of
27 (4%) placebo, 8 of 73 (11%) drug] reported decreased
libido, and it was significantly more common in the 400-
mg groups [6 of 24 subjects (25%)]. Similarly, 3 of 24
(13%) subjects in the 400-mg groups reported erectile
dysfunction but none in other groups. Eight men reported
acne [3 of 27 (11%) placebo, 5 of 73 (7%) drug; in-
cluding 4 of 24 (17%) in the 400-mg groups]. In all cases
but two, these events were rated “mild.”One instance of
decreased libido and one of acne were deemed “mod-
erate.” Other adverse events reported by .5% of

subjects included nasopharyngitis, upper respiratory
tract infection, oropharyngeal pain, and fatigue, none of
whichwere deemed related to drug treatment. All adverse
events resolved by study conclusion.

Consistent with the participant-reported decreased
libido, mixed-model analysis confirmed a significant
effect of DMAU dose on sexual desire (on question 1 of
the PDQ; Table 2). However, notably, there were no
statistically significant changes in sexual activity (PDQ
question 4) or erectile function satisfaction (PDQ ques-
tion 6). There was also no significant change in mood
(total PHQ-9 score) in any treatment group (P = 0.19).

Vital signs (blood pressure, pulse, respirations) were
not significantly different in the active treatment groups
compared with placebo. Although remaining in the
normal range, QTc was lower in all treatment groups

Table 1. Baseline Characteristics of Subjects by Treatment Group (Median and 25th and 75th Percentiles)

Parameter Placebo C100 C200 P200 P400 C400 P Value

No. 23 13 14 13 6 13
Age, y 26 (23, 33) 35 (31, 42) 29 (24, 36) 27 (25, 32) 34 (26, 37) 30 (25, 34) 0.09
Weight, kg 83 (73, 94) 90 (80, 103) 80 (75, 93) 81 (77, 88) 88 (67, 89) 76 (68, 84) 0.21
BMI, kg/m2 25 (22, 27) 30 (26, 31) 26 (24, 29) 25 (23, 26) 27 (22, 28) 24 (22, 27) 0.12
Serum T, ng/dL 477 (414, 593) 390 (316, 449) 534 (458, 671) 467 (323, 503) 504 (338, 570) 492 (447, 591) 0.05
Serum LH, IU/L 3 (2.5, 4) 3.6 (3, 4.5) 3.1 (2.2, 4.1) 3.5 (3, 4.8) 3.6 (2.2, 4) 2.6 (1.9, 3) 0.17
Serum FSH, IU/L 2.5 (1.7, 4.3) 4.4 (2.4, 4.7) 2 (1.3, 3.1) 2.6 (1.6, 4.1) 2 (1.5, 3.2) 2.7 (2.6, 3.6) 0.17
Serum estradiol,
pg/mL

24 (14, 25) 19 (13, 30) 20 (15, 24) 21 (9, 28) 11 (9, 13) 21 (6, 25) 0.34

SHBG, nmol/L 31 (22, 48) 22 (19, 27) 27 (24, 37) 26 (20, 33) 39 (19, 43) 28 (20, 33) 0.20
Sperm concentration,
million/mL

71 (52, 124) 64 (45, 88) 43 (26, 88) 79 (52, 126) 80 (71, 90) 55 (35, 122) 0.60

Only efficacy evaluable population data are included here.

Abbreviation: BMI, body mass index.

Table 2. Change in Safety Parameters From D 1 to D 28 by Treatment Group (Median and 25th and 75th
Percentiles)

Parameter Baseline Value Placebo C100 C200 P200 P400 C400 P Value R2

No. of
subjects

27 16 15 18 9 15

Hematocrit, % 41.7 (40, 43) 21 (21.8, 0) 1.1 (0, 3) 0 (20.5, 2) 2 (1, 2.3) 0.4 (22, 1) 2 (1, 3) 0.007a 0.56
ALT, IU/L 17 (13, 24) 21 (24, 2) 24 (25, 4) 21 (23, 4) 1 (212, 3) 5 (211, 9) 6 (3, 7) 0.15 0.13
AST (IU/L) 20 (16, 25) 0 (25, 4) 0 (21, 2) 1 (23, 2) 0 (0, 1) 1 (23, 10) 5 (0, 7) 0.50 0.03
PSA, ng/mL 0.6 (0.41, 0.86) 20.07 (20.1, 0.02) 0.08 (0, 0.1) 0 (20.08, 0.05) 0.03 (20.05, 0.19) 0.05 (0, 0.2) 0.03 (0, 0.1) 0.06 0.65
HDL-C, mg/dL 47.5 (40, 55) 20.5 (24, 3) 26 (211, 24) 213 (219, 28) 210 (212, 26) 215 (223, 210) 211 (215, 27) ,0.001a 0.62
Weight, kg 82.7 (74.5, 91.2) 0.3 (20.7, 1.2) 1.5 (0.6, 2.2) 1.7 (1.1, 3) 1.9 (1.1, 3.2) 3.8 (1.7, 4.9) 2.9 (1.2, 3.6) ,0.001a 0.99
SBP, mm Hg 121 (113, 128) 21.5 (210, 9) 0 (27, 13) 2 (27, 8) 2 (23, 8) 1 (213, 1) 8 (28, 15) 0.82 0.26
DBP, mm Hg 67 (62, 74) 0 (25, 4) 22 (27, 8) 3 (23, 6) 3 (23, 4) 2 (212, 10) 3 (23, 7) 0.63 0.28
Pulse, bpm 64 (56, 74) 2.5 (26, 8) 23 (26, 1) 1.2 (22, 7) 21 (23,4) 5 (21,16) 3 (21,14) 0.04 0.38
QTc,b msec 403 (388, 412) 406 (393, 422) 386 (380, 408) 394 (385, 404) 384 (372, 408) 386 (371, 408) 387 (379, 402) ,0.001a 0.40
PHQ-9 total

score
0 (0, 2) 1 (0, 3) 0 (0, 3) 1 (0, 3) 0 (0, 1) 2 (23, 2) 1 (21, 3) 0.99 0.19

PDQ q1 4.4 (3.4, 5) 0.05 (20.4, 0.9) 20.1 (20.4, 0.4) 20.85 (21.9, 0.3) 0.1 (20.4, 0.6) 0.3 (21.1, 1) 21.3 (21.6, 20.5) 0.009a 0.57
PDQ q4 2.4 (1.9, 3.5) 20.4 (21.1, 0.4) 20.15 (21.2, 1.2) 20.95 (21.1, 20.4) 20.5 (21.2, 0.3) 20.3 (21.1, 0.2) 20.3 (21.3, 0.1) 0.97 0.46
PDQ q6 5.6 (5.1, 6.7) 0 (20.2, 0.3) 0 (20.4, 0.3) 20.65 (21.9, 20.3) 0 (20.8, 0) 1 (0.2, 1.8) 0 (23.7, 0) 0.93 0.48

Baseline value is median and 25th and 75th percentile data across all groups on d 1. Note: Data shown is all-treated population. PDQ q1 assessed sexual
desire, q4 assessed sexual activity, and q6 assessed erectile function satisfaction.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; DBP, diastolic blood pressure; SBP, systolic blood pressure.
aP , 0.01 for dose effect on mixed-model analysis. R2 value is from mixed-model analysis.
bAll parameters are measured as change from d 1 to d 28 (difference) except QTc, which is the absolute value on d 28.
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compared with placebo, and the mixed-model showed a
dose effect (Table 2). HDL-C decreased and weight and
hematocrit increased in a statistically significant manner
with treatment compared with placebo, with a significant
dose effect (Table 2). Changes in liver enzymes and PSA
were not statistically significant. There was no difference
in the incidence of adverse events between the two for-
mulations C vs P. The mixed-model analysis showed no
effect of formulation on changes in safety assessments.

PK of DMAU and DMA
Following oral administration of DMAU with food,

peak serum concentrations of DMAU and DMA were
achieved 4 to 6 hours later for both formulations [Fig. 1(a)
and 1(c); (20)]. By 24 hours, serum DMAU and DMA
concentrations were near the lower limit of quantifica-
tion for most subjects. Despite daily dosing for 28 days,
there were no statistically significant differences in the
PK parameters on day 1 compared with day 28 for either
formulation [Fig. 1(b) and 1(d)]. Average serum concen-
trations of the prodrug, DMAU, were about 20-fold higher
than DMA.

Serum concentrations of DMAU and DMA increased
in a dose-dependent manner with oral administration of
both formulations; however, this reached statistical sig-
nificance only when the C400 group was compared with
the lower dose groups. DMAU and DMA serum Cmax,
Cavg, and AUC were numerically higher in the C group
compared with the P group at each individual dose, al-
though these differences were not statistically signifi-
cant (20).

Pharmacodynamic effects on serum gonadotropins,
T, and estradiol

Daily DMAU administration resulted in marked sup-
pression of serum LH and FSH [Fig. 2(a) and 2(b);
Table 3]. All subjects in the P400 group and 12 of 13
subjects (92%) in the C400 group achieved suppression
of LH and FSH (to,1 IU/L). Gonadotropin suppression
was less complete in the C200 and P200 groups, with 9 of
14 (64%) and 9 of 13 (69%) men suppressing to,1 IU/L
for both LH and FSH, and least effective in the C100
(54%) group. Serum LH and FSH were significantly
lower on day 28 compared with day 1 in all active
treatment groups (P, 0.001 for Cavg and AUC) except
for the C100 group.

T suppression was achieved by day 7 of treatment
and sustained throughout the 28-day treatment period
[Fig. 2(c)]. Serum T concentrations (Cavg) were mark-
edly suppressed (median ,24 ng/dL) in all treatment
groups (P , 0.001; Table 3). Average serum T con-
centrations were lower, the range was narrower, and a
higher percentage of subjects achieved suppression to

castrate levels (,50 ng/dL) in both the 400-mg groups
compared with the lower-dose groups (Table 3). In
parallel with the suppression of serum T, serum free T
levels were also suppressed to below the reference range
in all the treatment groups [Fig. 2(d)]. Average serum
estradiol was suppressed by day 7 of treatment across
treatment groups (P , 0.001) and to ,5 pg/mL in the
400-mg group [Fig. 2(e)]. Serum SHBG levels were
suppressed in all dose groups to the lower limit of
the reference range [Fig. 2(f)]. Despite the observed
suppression of T, LH, and FSH, sperm concentration
was not significantly decreased after 28 days of treat-
ment (20).

Discussion

Male hormonal contraception relies on the sustained
suppression of gonadotropins and endogenous T (29) by
the administration of exogenous androgens. In this phase
1b study, we demonstrate that daily oral DMAU, at doses
of 100 to 400mg, is well tolerated bymenwhen taken for
28 consecutive days. Daily oral DMAU rapidly and
potently suppressed gonadotropin secretion and endog-
enous T production after 7 to 10 days of administration.
These properties are critical for an effective male hor-
monal contraceptive and consistent with binding of
DMA to both androgen and progesterone receptors
(15–17) in the hypothalamus and pituitary to suppress
GnRH, LH, and FSH secretion. Previous studies of oral
steroid delivery for the purposes of male contraception
have required two separate agents and/or multiple daily
doses (30, 31); thus, DMAU, a single agent, represents a
significant step forward in male hormonal contraceptive
development.

The PD effects of DMA on serum T concentrations
and gonadotropin secretion showed a dose effect, with
the most profound suppression noted in the 400-mg dose
groups. Using established LH and FSH assays (23–25),
all but one subject within the 400-mg dose groups
suppressed both gonadotropins to ,1.0 IU/L, a thresh-
old level that has been shown to be associated with
sperm suppression to ,1 million/mL in longer studies of
prototype male hormonal contraceptives (32). Despite
profound T suppression, most men did not complain of
symptoms of acute androgen deficiency such as hot
flashes, suggesting that the androgenic effects of DMA at
the doses studied may approximate those of endogenous
T. The participants who did complain of decreased libido
or erectile dysfunction were concentrated among the
400-mg groups. Consistent with this finding, prospective
tracking using the PDQ demonstrated a dose-dependent
decrease in sexual desire, although this was not true for
decreases in sexual activity and satisfaction with erectile
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Figure 1. Pharmacokinetic parameters of DMAU and DMA by treatment group. (a) Serum DMAU concentrations over 24 h on d 1 and 28,
trough DMAU concentrations measured twice-weekly during treatment and at recovery visits. (b) Average serum DMAU concentrations (C
Average) and maximum serum DMAU concentrations (C Max) on d 1 and 28. (c) Serum DMA concentrations during 24-h stays on d 1 and 28
along with trough DMA concentrations twice weekly during treatment and at recovery visits. (d) Average Serum DMA concentrations and
maximum serum DMA concentrations on d 1 and 28. Striped bars represent powder formulation in (b). In (b), serum DMAU concentrations are
shown in logarithmic scale to fit full range of values. All values are means 6 SEM.
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Figure 2. Serum sex hormone concentrations by treatment group. (a) Serum LH concentrations during 24-h stays on d 1 and 28, at twice-
weekly visits during treatment, and during recovery. (b) Serum FSH concentrations during 24-h stays on d 1 and 28 along with FSH
concentrations at twice-weekly visits during treatment and during recovery. (c) Serum total T concentrations during 24-h stays on d 1 and 28
along with T concentrations at twice-weekly visits during treatment and during recovery. (d) Calculated free T concentrations during 24-h stays
on d 1 and 28 along with calculated free T concentrations at twice-weekly visits during treatment and during recovery. (e) Serum estradiol (E2)
concentrations on d 1 and 28 along with estradiol concentrations at twice-weekly visits during treatment and during recovery. (f) Serum SHBG
concentrations on d 1 and 28 along with SHBG concentrations at twice-weekly visits during treatment and during recovery. Dashed gray lines
represent normal reference range for each hormone. LLOQ, lower limit of quantification for the assay. All values are means 6 SEM.
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function. These results suggest a need for further dose
refinement for optimal tolerability of DMAU. Of note,
the PHQ-9 did not demonstrate any significant change in
mood parameters.

We did not observe a significant decrease in sperm
concentrations despite marked suppression of T and
gonadotropin production with DMAU administration.
However, this was not unexpected given the length of
treatment of 28 days, the 72 days required for the
completion of spermatogenesis in men, and that maxi-
mal suppression of T production was not observed until
day 7 of treatment. Interestingly, 4 of 59 men in the
treatment groups did achieve sperm concentrations of,5
million/mL at 28 days, whereas none did in the placebo
group. The effectiveness of DMAU in suppression of
spermatogenesis is currently being studied in a longer-
term study. In studies of injectable androgen plus pro-
gestin combinations (33), sperm concentrations begin to
fall after 4 weeks of treatment, but require at least 6 to
8 weeks to demonstrate marked suppression of sper-
matogenesis to levels compatible with contraceptive
efficacy.

The pharmacokinetic profiles of DMAU and DMA
noted in this study were similar to the results obtained in
our previous single dose-escalation study (18, 19). In this
study, peak serum concentrations of DMAU and DMA
were reached 4 hours following dosing, and trough levels
occurred around the 24-hour mark, suggesting once-
daily dosing might be effective. There was a trend
toward a dose-responsive increase in serum drug con-
centrations when comparing the different dose groups;
however, given small sample sizes, these differences were
not statistically significant. Contrary to our single-dose
study (19), in this study, the castor oil formulation at
each dose had slightly better pharmacokinetic parame-
ters (Cmax, Cavg, and AUC) when compared with the
powder formulation, but these differences were not sta-
tistically significant. Our previous study demonstrated
greater conversion from DMAU to DMA with the castor
oil formulation compared with the powder (19); but, in this
study, the conversion from prodrug to active compound

was comparable between formulations. Lastly, the fat con-
tent of the food consumed prior to dosing in this study was
half that of the single-dose study (25 to 30 g vs 56 to 67 g)
and more consistent with a “normal”Western diet. Despite
this difference, we observed comparable concentrations of
DMA and significant pharmacodynamic effects, suggest-
ing this lower fat content is sufficient to ensure effective
absorption of the prodrug DMAU. These observations are
consistent with studies of oral T undecanoate in hypo-
gonadal men (34).

We demonstrate that 28 days of treatment with
DMAU in the doses tested is well tolerated. In contrast to
potential effects on libido, other significant changes as-
sociated with DMAU are likely attributable to its an-
drogenic action. Overall, subjects did experience weight
gain with treatment. The maximal increase in weight
was ,5% of baseline body weight, the metabolic con-
sequences of which are not clear in this otherwise healthy
population. Furthermore, we did not explore whether
weight changes were due to gains in lean or fat mass,
which will be important in future, longer-term studies
given the androgenic effects of DMAU on body com-
position in animals (15). Because DMAU is not aro-
matized, it is possible that the relative estrogen deficiency,
that men administered the higher doses experience, re-
sults in increases in fat mass, while at the same time, the
androgenicity of DMAU might increase lean mass. Both
of these will lead to increased weight. In longer studies,
we plan to investigate DMAU on body composition.
Small increases in hematocrit were noted in the treatment
groups; however, most of the participants still had values
well within the normal range, and the increase noted was
not clinically meaningful. Subjects receiving oral DMAU
experienced a drop in serum HDL-C concentrations of
approximately 6 to 15 mg/dL, which is anticipated be-
cause of the first-pass effect through the liver. Oral
DMAU may decrease HDL-C via androgen-induced
increases in lipoprotein lipase activity, resulting in
catabolism of HDL-C and reduced serum concentra-
tions (35, 36). In addition, nonaromatizable androgens,
such as DMA, are more likely to lower HDL-C than

Table 3. Serum Hormone Concentrations (Median and 25th and 75th Percentiles) by Group on D 28 of
Treatment

Parameter (Cavg) Placebo (n = 23) C100 (n = 13) C200 (n = 14) P200 (n = 13) P400 (n = 6) C400 (n = 13)

Serum LH, IU/L 3.3(2.8, 4.9) 0.8 (0.5, 3.7) 0.6 (0.2, 2.3) 0.5 (0.2, 1.0) 0.2 (0.2, 0.2) 0.2 (0.2, 0.2)
Serum FSH, IU/L 2.5(1.7, 4.1) 1.0 (0.6, 5.1) 0.4 (0.2, 1.1) 0.5 (0.2, 1.0) 0.2 (0.2, 0.2) 0.2 (0.2, 0.2)
Serum T, ng/dL 474(421, 549) 15.7 (8, 187.5) 24.3 (11.9, 70.2) 12.6 (7.5, 29.9) 7.0 (4.5, 9.9) 8.3 (5.2, 14.2)
Subjects with serum
T ,50 ng/dL, n(%)

0 (0) 6 (46.2) 9 (64.3) 10 (76.9) 6 (100) 12 (92.3)

Only efficacy-evaluable population data are included here. For serum T, FSH, and LH, Cavg was calculated for each subject. Then medians and 25th and
75th percentiles were calculated from those values by treatment group.
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androgens that can be converted to estradiol (37).
However, the clinical implications of such changes in
HDL-C relative to cardiovascular risk are uncertain (38).
Reassuringly, low-density lipoprotein cholesterol con-
centrations were unchanged with DMAU. Longer-term
studies of DMAU and its impact on lipids, including on
measures of HDL function, are warranted. QTc de-
creased in participants on drug compared with placebo
but still remained well above the threshold considered
“short.” This is a known androgenic effect that has been
shown in studies of T replacement (39). The clinical
implications, if any, of such a small magnitude decrease
in QTc are unclear. For all of these changes (in weight,
hematocrit, HDL-C, and QTc), a dose effect was noted in
our analysis. This is important as drug development of
DMAU proceeds further, as we can fine-tune a dose at
which we can optimize the pharmacodynamic effects of
the drug while minimizing the side effect profile.

The reported adverse events were not higher in the active
drug population compared with placebo, with the exception
of decreased libido (eight drug vs one placebo). Notably, six
of the eight subjects who reported decreased libido received
the 400-mg dose, and this was also corroborated by a dose
effect on sexual desire on the PDQ. Reassuringly, we did not
observe any significant change in sexual activity, erection, or
mood using the PDQ and PHQ-9; thus, the clinical signif-
icance of these complaints is unclear. Decreases in libido
could reflect greater progestogenic rather than androgenic
effects of DMA centrally. In addition, recent studies have
highlighted the importance of estradiol inmaintaining sexual
desire and function (40); thus, the suppression of estradiol in
consequence of reduced T production may also impact li-
bido. Larger, placebo-controlled, longer-term studies are
required tomore clearly define the frequency andmagnitude
of any potential effects on sexual health associated with
DMAU. Such studies will also be necessary to assess other
potential physiologic changes, such as effects on bone, en-
ergy, andmood, that may arise from changes in endogenous
androgen and estrogen production resulting from DMAU
administration. In subsequent longer studies of DMAU, we
intend to monitor bone turnover markers, bone mineral
density, and body composition closely to delineate any
changes thatmight result fromalterations to the balance of T
and estradiol levels.

In conclusion, daily oral administration of DMAU
for 28 days in healthy men is well tolerated. Doses
of $200 mg suppress serum T, LH, and FSH, properties
consistent with an effective male contraceptive without
significant changes in sexual function or signs of liver
toxicity. Further studies of oral DMAU are warranted to
determine whether longer-term daily administration will
suppress sperm production to levels consistent with ef-
fective male contraception.

Acknowledgments

We thank all the study participants, study coordinators/nurses
KathrynTorrezDuncan (UniversityofWashington)andXioadan
Han, Elizabeth Ruiz, and LaurynMaes (Los Angeles Biomedical
Research Institute and Harbor UCLA Medical Center) for their
work conducting this study, Abbey Townsend, Sarah Godfrey,
Jerry Kinard, and Tricia Brady from Health Decisions for assis-
tance with monitoring, Clint Dart from Health Decisions for
input indata analysis, andDrs.AliciaChristy andMarkPayson
fromtheNational InstitutesofHealth formedicalmonitoringof
the study.

Financial Support: Thisworkwas supported by theEunice
Kennedy ShriverNational Institute of Child Health andHuman
Development, the Robert McMillen Professorship in Lipid Re-
search (to S.T.P.), the National Institute of Diabetes, Digestive,
and Kidney Disease through the Diabetes, Obesity, and Metab-
olism Training Program (T32 DK 007247; to A.T.), and the
National Heart, Lung, and Blood Institute (K24HL138632; to
P.Y.L.).

Clinical Trial Information: ClinicalTrials.gov no.
NCT01382069 (registered 27 June 2011).

Correspondence and Reprint Requests: Arthi Thirumalai,
MBBS, Division of Metabolism, Endocrinology, and Nutrition,
University of Washington School of Medicine, Box 357138,
1959 NE Pacific Street, Seattle, Washington 98195. E-mail:
arthidoc@u.washington.edu.

Disclosure Summary: R.S. is a consultant for Clarus and
Antares and receives grant support from Clarus. C.W. receives
grant support from Clarus, Antares, and TesoRx. J.K.A. and
S.T.P. are consultants for Clarus. E.H. is an employee of Health
Decisions. D.L.B. is a Principal Investigator on a cooperative
research and development agreement with HRA Pharma. The
remaining authors have nothing to disclose.

References

1. Finer LB, Zolna MR. Declines in unintended pregnancy in the
United States, 2008-2011. N Engl J Med. 2016;374(9):843–852.

2. Sonfield A, Kost K, Gold RB, Finer LB. The public costs of births
resulting from unintended pregnancies: national and state-level
estimates. Perspect Sex Reprod Health. 2011;43(2):94–102.

3. Sundaram A, Vaughan B, Kost K, Bankole A, Finer L, Singh S,
Trussell J. Contraceptive failure in the United States: estimates from
the 2006-2010 National Survey of Family Growth. Perspect Sex
Reprod Health. 2017;49(1):7–16.

4. Heinemann K, Saad F, Wiesemes M, White S, Heinemann L.
Attitudes toward male fertility control: results of a multinational
survey on four continents. Hum Reprod. 2005;20(2):549–556.

5. Glasier AF, Anakwe R, Everington D,Martin CW, van der Spuy Z,
Cheng L, Ho PC, Anderson RA. Would women trust their partners
to use a male pill? Hum Reprod. 2000;15(3):646–649.

6. Anawalt BD, Bebb RA, Bremner WJ, Matsumoto AM. A lower
dosage levonorgestrel and testosterone combination effectively
suppresses spermatogenesis and circulating gonadotropin levels
with fewer metabolic effects than higher dosage combinations.
J Androl. 1999;20(3):407–414.

7. Nieschlag E, ZitzmannM, Kamischke A. Use of progestins in male
contraception. Steroids. 2003;68(10-13):965–972.

8. Wang C, Swerdloff RS. Male hormonal contraception. Am J
Obstet Gynecol. 2004;190(4, Suppl):S60–S68.

doi: 10.1210/jc.2018-01452 https://academic.oup.com/jcem 431

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/2/423/5105935 by guest on 03 June 2019

mailto:arthidoc@u.washington.edu
http://dx.doi.org/10.1210/jc.2018-01452
https://academic.oup.com/jcem


9. World Health Organization Task Force on Methods for the
Regulation ofMale Fertility. Contraceptive efficacy of testosterone-
induced azoospermia and oligozoospermia in normal men. Fertil
Steril. 1996;65(4):821–829.

10. Martin CW, Anderson RA, Cheng L, Ho PC, van der Spuy Z, Smith
KB, Glasier AF, Everington D, Baird DT. Potential impact of hor-
monal male contraception: cross-cultural implications for develop-
ment of novel preparations. Hum Reprod. 2000;15(3):637–645.

11. Stewart M, Ritter T, Bateson D, McGeechan K, Weisberg E.
Contraception - what about the men? Experience, knowledge and
attitudes: a survey of 2438 heterosexual men using an online dating
service. Sex Health. 2017;14(6):533–539.

12. Attardi BJ, Pham TC, Radler LC, Burgenson J, Hild SA, Reel JR.
Dimethandrolone (7alpha,11beta-dimethyl-19-nortestosterone) and
11beta-methyl-19-nortestosterone are not converted to aromatic
A-ring products in the presence of recombinant human aromatase.
J Steroid Biochem Mol Biol. 2008;110(3-5):214–222.

13. Attardi BJ, Hild SA, Koduri S, Pham T, Pessaint L, Engbring J, Till
B, Gropp D, Semon A, Reel JR. The potent synthetic androgens,
dimethandrolone (7a,11b-dimethyl-19-nortestosterone) and 11b-
methyl-19-nortestosterone, do not require 5a-reduction to exert
their maximal androgenic effects. J Steroid Biochem Mol Biol.
2010;122(4):212–218.

14. Attardi BJ, Hild SA, Reel JR. Dimethandrolone undecanoate: a new
potent orally active androgen with progestational activity. Endo-
crinology. 2006;147(6):3016–3026.

15. Attardi BJ,Marck BT,MatsumotoAM,Koduri S,Hild SA. Long-term
effects of dimethandrolone 17b-undecanoate and 11b-methyl-19-
nortestosterone 17b-dodecylcarbonate on body composition, bone
mineral density, serum gonadotropins, and androgenic/anabolic ac-
tivity in castrated male rats. J Androl. 2011;32(2):183–192.

16. Hild SA,Marshall GR, Attardi BJ, Hess RA, Schlatt S, Simorangkir
DR, Ramaswamy S, Koduri S, Reel JR, Plant TM. Development of
l-CDB-4022 as a nonsteroidal male oral contraceptive: induction
and recovery from severe oligospermia in the adult male cyn-
omolgus monkey (Macaca fascicularis). Endocrinology. 2007;
148(4):1784–1796.

17. Hild SA, Attardi BJ, Koduri S, Till BA, Reel JR. Effects of synthetic
androgens on liver function using the rabbit as a model. J Androl.
2010;31(5):472–481.

18. Surampudi P, Page ST, Swerdloff RS, Nya-Ngatchou JJ, Liu PY,
Amory JK, Leung A, Hull L, Blithe DL, Woo J, BremnerWJ, Wang
C. Single, escalating dose pharmacokinetics, safety and food effects
of a new oral androgen dimethandrolone undecanoate in man:
a prototype oral male hormonal contraceptive. Andrology. 2014;
2(4):579–587.

19. Ayoub R, Page ST, Swerdloff RS, Liu PY, Amory JK, Leung A, Hull
L, Blithe D, Christy A, Chao JH, Bremner WJ, Wang C. Com-
parison of the single dose pharmacokinetics, pharmacodynamics,
and safety of two novel oral formulations of dimethandrolone
undecanoate (DMAU): a potential oral, male contraceptive.
Andrology. 2017;5(2):278–285.

20. Thirumalai A, Ceponis J, Amory JK, Swerdloff R, Surampudi V,
Liu PY, Bremner WJ, Harvey E, Blithe DL, Lee MS, Hull L, Wang
C, Page ST. Revised supplemental materials 28-day DMAU PK/PD
study (revised 22 August 2018). figshare 2018. Accessed 22 August
2018. https://doi.org/10.6084/m9.figshare.6728990.v2.

21. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief
depression severity measure. J Gen Intern Med. 2001;16(9):
606–613.

22. Lee KK, BermanN, Alexander GM,Hull L, Swerdloff RS,Wang C.
A simple self-report diary for assessing psychosexual function in
hypogonadal men. J Androl. 2003;24(5):688–698.

23. Rothman MS, Carlson NE, Xu M, Wang C, Swerdloff R, Lee P,
Goh VH, Ridgway EC, Wierman ME. Reexamination of testos-
terone, dihydrotestosterone, estradiol and estrone levels across the
menstrual cycle and in postmenopausal women measured by

liquid chromatography-tandem mass spectrometry. Steroids. 2011;
76(1-2):177–182.

24. Shiraishi S, Lee PW, Leung A, Goh VH, Swerdloff RS, Wang C.
Simultaneous measurement of serum testosterone and dihy-
drotestosterone by liquid chromatography-tandem mass spec-
trometry. Clin Chem. 2008;54(11):1855–1863.

25. Wang C, Shiraishi S, Leung A, Baravarian S, Hull L, Goh V, Lee
PW, Swerdloff RS. Validation of a testosterone and dihy-
drotestosterone liquid chromatography tandem mass spectrometry
assay: interference and comparison with established methods.
Steroids. 2008;73(13):1345–1352.

26. Swerdloff RS, Wang C, Cunningham G, Dobs A, Iranmanesh A,
Matsumoto AM, Snyder PJ, Weber T, Longstreth J, BermanN. Long-
termpharmacokinetics of transdermal testosterone gel in hypogonadal
men. J Clin Endocrinol Metab. 2000;85(12):4500–4510.

27. WangC, CunninghamG, Dobs A, Iranmanesh A,Matsumoto AM,
Snyder PJ, Weber T, Berman N, Hull L, Swerdloff RS. Long-term
testosterone gel (AndroGel) treatment maintains beneficial effects on
sexual function and mood, lean and fat mass, and bone mineral density
in hypogonadalmen. JClinEndocrinolMetab. 2004;89(5):2085–2098.

28. Cooper TG, Noonan E, von Eckardstein S, Auger J, Baker HW,
Behre HM,Haugen TB, Kruger T,Wang C,MbizvoMT, Vogelsong
KM. World Health Organization reference values for human semen
characteristics. Hum Reprod Update. 2010;16(3):231–245.

29. Page ST, Amory JK, Bremner WJ. Advances in male contraception.
Endocr Rev. 2008;29(4):465–493.

30. Nieschlag E. Clinical trials in male hormonal contraception.
Contraception. 2010;82(5):457–470.

31. Nieschlag E, HoogenH, BölkM, Schuster H,Wickings EJ. Clinical
trial with testosterone undecanoate for male fertility control.
Contraception. 1978;18(6):607–614.

32. McLachlan RI, Robertson DM, Pruysers E, Ugoni A, Matsumoto
AM, Anawalt BD, Bremner WJ, Meriggiola C. Relationship be-
tween serum gonadotropins and spermatogenic suppression in men
undergoing steroidal contraceptive treatment. J Clin Endocrinol
Metab. 2004;89(1):142–149.

33. Ly LP, Liu PY, Handelsman DJ. Rates of suppression and recovery
of human sperm output in testosterone-based hormonal contra-
ceptive regimens. Hum Reprod. 2005;20(6):1733–1740.

34. Yin AY, Htun M, Swerdloff RS, Diaz-Arjonilla M, Dudley RE,
Faulkner S, Bross R, Leung A, Baravarian S, Hull L, Longstreth JA,
Kulback S, FlippoG,Wang C. Reexamination of pharmacokinetics
of oral testosterone undecanoate in hypogonadal men with a new
self-emulsifying formulation. J Androl. 2012;33(2):190–201.

35. KirklandRT, Keenan BS, Probstfield JL, PatschW, Lin TL, Clayton
GW, Insull W Jr. Decrease in plasma high-density lipoprotein
cholesterol levels at puberty in boys with delayed adolescence.
Correlation with plasma testosterone levels. JAMA. 1987;257(4):
502–507.

36. Zmuda JM, Fahrenbach MC, Younkin BT, Bausserman LL, Terry
RB, Catlin DH, Thompson PD. The effect of testosterone aro-
matization on high-density lipoprotein cholesterol level and
postheparin lipolytic activity. Metabolism. 1993;42(4):446–450.

37. Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, Isidori
A, Lenzi A, Fabbri A. Effects of testosterone on body composition,
bonemetabolism and serum lipid profile inmiddle-agedmen: ameta-
analysis. Clin Endocrinol (Oxf). 2005;63(3):280–293.

38. Rubinow KB, Page ST. Testosterone, HDL and cardiovascular risk
in men: the jury is still out. Clin Lipidol. 2012;7(4):363–365.
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