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Context: A novel formulation of oral testosterone (T) undecanoate (TU) was evaluated in a
phase 3 clinical trial.

Objective: Determine efficacy, short-term safety, and alignment of new oral TU formulation
with current US approval standards for T replacement therapy.

Design: Randomized, active-controlled, open-label study.

Setting and Patients: Academic and private clinical practice sites; enrolled patients were
clinically hypogonadal men 18 to 65 years old.

Methods: Patients were randomized 3:1 to oral TU, as prescribed (JATENZO®; n = 166) or a topical T
product once daily (Axiron®; n = 56) for 3 to 4 months. Dose titration was based on average T levels
(Cavg) calculated from serial pharmacokinetic (PK) samples. T was assayed by liquid chromatography-
mass spectrometry/mass spectrometry. Patients had 2 dose adjustment opportunities prior to final
PK visit. Safety was assessed by standard clinical measures, including ambulatory blood pressure (BP).

Results: 87% of patients in both groups achieved mean T Cavg in the eugonadal range. Sodium
fluoride-ethylenediamine tetra-acetate plasma T Cavg (mean = standard deviation) for the

oral TU group was 403 + 128 ng/dL (~14 + 4 nmol/L); serum T equivalent, ~489 + 155 ng/dL

(17 £ 5 nmol/L); and topical T, 391 + 140 ng/dL (~14 = 5 nmol/L). Modeling/simulation of T PK
data demonstrated that dose titration based on a single blood sample 4 to 6 h after oral TU
dose yielded efficacy (93%) equivalent to Cavg—based titration (87%). Safety profiles were similar
in both groups, but oral TU was associated with a mean increase in systolic BP of 3 to 5 mm Hg.

Conclusion: A new oral TU formulation effectively restored T to mid-eugonadal levels in
hypogonadal patients. (J Clin Endocrinol Metab 105: 1-17, 2020)
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(~10 nmol/L)] and consistent signs and symptoms are
present (1). Regardless of the etiology, several signs
and symptoms often can be managed with exogenous
T replacement (2).
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Testosterone replacement therapy (TRT) is adminis-
tered by various delivery routes including transdermal
gels and lotions; intramuscular and subcutaneous
injections;  surgically implanted pellets; dermal
patches; intranasal gels; and oral capsules and tablets
(methyltestosterone). Each of these delivery routes are
associated with drawbacks well known to healthcare
practitioners (HCP) and their patients [e.g., pain of in-
jection, dermal irritation, T transference and liver tox-
icity (oral methyltestosterone)]. What has been absent
from the HCP’s armamentarium of TRT products in the
U. S. is an oral T formulation that meets current regu-
latory standards for safety and efficacy [e.g., FDA re-
quires average serum T concentrations in the eugonadal
range of 300-1000 ng/dL (10-35 nmol/L) for at least
75% of treated men with peak T concentrations largely
below 1500 ng/dL (52 nmol/L)]. Historically, efforts to
administer oral T have taken two primary paths: alkyl-
ation of T at the C-17 position to create T analogs that
are resistant to first pass hepatic metabolism (exempli-
fied by methyltestosterone dating to 1935 when first
synthesized and used clinically by Ruzika) (3); or fatty
acid esterification of T to create a T-ester [exemplified
by T-undecanoate (TU)] that is absorbed via the intes-
tinal lymphatic system thus bypassing the portal circu-
lation (4). Oral methyltestosterone has been associated
with serious hepatotoxicity such as cholestasis, peliosis
hepatis, and hepatic adenocarcinoma (5-8) and there-
fore is rarely used in the clinical management of male
hypogonadism. Conversely, while oral TU has not been
associated with liver toxicity, an early oral TU formu-
lation approved for use in many countries (but never
in the U. S.) was highly influenced by dietary fat, thus
leading to significant intra- and inter-patient variability
in T response and questionable clinical utility (9, 10).
Reformulation of this product to reduce the effect of
dietary fat did not address the low TU content of the
capsules thus resulting in the need to dose hypogonadal
men with several capsules three or more times daily.
Even then, reported serum T response would not result
in average serum T levels in the normal range or meet
current FDA efficacy standards (11). Accordingly, nei-
ther of these oral formulations has enjoyed widespread
clinical use to treat T deficiency.

To address the absence of an oral TRT product that
meets the rigor of current-day U. S. regulatory require-
ments for efficacy and safety, TU was formulated in a
unique self-emulsifying drug delivery system that was
initially evaluated in short-term clinical studies (12).
In brief, the specific formulation we evaluated (encap-
sulated in soft gelatin capsules of various strengths)
consisted of TU dissolved in a combination of lipids
(principally long-chain fatty acids; e.g., oleic acid) and
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other solubilizers [e.g., borage seed oil (a rich source
of C-20 fatty acids) and peppermint oil)] and a hydro-
philic surfactant [hydrogenated castor oil (Cremophor®
RH 40)]. Formulations of this type enable the solubil-
ization of highly lipophilic molecules like TU so that
they may be absorbed after oral ingestion with food
(high fat content not required) (13). Systemic delivery
of oral TU occurs almost exclusively (>97%) via the in-
testinal lymphatic system, thereby bypassing the liver
(4, 14). Once in the circulation, T is liberated from TU
via the action of endogenous non-specific esterases. The
undecanoic side chain (a C-11 fatty acid) is pharmaco-
logically inert and metabolized by B-oxidation to acetyl
coenzyme A (CoA) and, in the final step, propionyl
CoA. Notably, during development of this new oral TU
formulation, it became clear that enzymatic cleavage of
T from TU can also occur during the standard labora-
tory processing of blood drawn from men treated with
oral TU. The consequence of this post collection pro-
duction of T was that assayed T values did not accur-
ately reflect the actual circulating T concentration [i.e.,
they were artefactually high (15, 16)]. Therefore, in the
pivotal clinical trial described herein, post-collection
conversion of TU to T was minimized in men dosed
with oral TU by assaying for T in plasma derived from
blood collected into NaF-EDTA tubes that were held on
ice prior to centrifugation (a process that halts all TU to
T conversion). Because this sample handling approach
is not typical in clinical practice, the dose titration al-
gorithm utilized in the present trial (based on T meas-
urements in NaF-EDTA plasma) was adapted for use
with a single serum sample derived from blood collected
into a standard plain collection tube (i.e., without added
chemicals).

The present study was designed to assess the effi-
cacy, based on T response and various patient-reported
outcomes, and safety of a new oral TU formulation
(JATENZO®) developed to treat male hypogonadism.
In addition to standard safety assessments, we evalu-
ated the potential impact of oral TU therapy on ad-
renal function and 24-hour ambulatory blood pressure.
Finally, the effect of dietary fat content on T levels after
oral TU administration was evaluated to determine if
this was an important factor for T response.

Materials and Methods

The Phase 3 clinical trial detailed herein was approved by a
central or site-specific Institutional Review Board before study
initiation at each clinical site and was conducted in accord-
ance with the Declaration of Helsinki and/or all relevant fed-
eral regulations, including Good Clinical Practice guidelines.
Written informed consent was obtained from trial participants
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before any study-related procedures were conducted (CLAR-
15012; ClinicalTrials.gov identifier: NCT02722278).

Study design

This trial was an open-label, repeat-dose, dose-titration study
in hypogonadal men to assess the safety and efficacy of oral TU
administered for approximately 3—-4 months with a minimum
of 90-105 days treatment prior to final PK visit. The Screening
Phase was followed by a Titration Phase when there were two
opportunities for dose-titration based on T C_, calculated from
a 24-hour serial pharmacokinetics (PK) evaluation, a 35-day
Maintenance Phase, and an end-of-study PK visit. Eligible pa-
tients were randomly assigned in a 3:1 ratio to either oral TU
or a 2% topical T solution. The starting dose for oral TU was
237 mg TU (150 mg of unesterified T equivalents), twice-daily
(BID) which was administered immediately prior to a breakfast
and dinner meal, approximately 12 hours apart. The starting
dose for topical T was 60 mg once daily (QD) in the AM. For
dose titrations, serial PK samples over 24 hours were obtained
around Days 21 and 56 to determine C_, for dose titrations
that occurred about 14 days after the PK visits. Based on the T
C, e oral TU doses could be up-titrated sequentially to 316 mg
(200 mg T equivalents) and then 396 mg (250 mg T equiva-
lents), or down-titrated to 198 mg (125 mg T equivalents) and
then 158 mg (100 mg T equivalents) BID. Similarly, topical T
doses could remain unchanged or be increased to 90 or 120 mg
or decreased to 30 mg. The primary efficacy endpoint was based
onthe T C avg AL the final PK visit. A cosyntropin [ACTH (1-23)]
stimulation test was conducted on a subset of patients (N = 24
on oral TU and N = 8 on topical T).

Patient population

Eligible patients were men aged 18-65 years, body mass
index <38 kg/m?, with hypogonadism as defined by consist-
ently low morning serum total T <300 ng/dL (blood samples
collected between 6:00 and 10:00 AM on 2 separate days ap-
proximately 7 days apart) and a history of signs and/or symp-
toms consistent with hypogonadism. Patients were naive to
androgen-replacement therapy or had a complete washout
period of previous androgen replacement therapies [2 wks for
oral, topical (gel or patch), intranasal or buccal T; 4 wks for
short-acting i.m. T (e.g., T-enanthate, T-cypionate); 20 wks for
i.m. TU; and 6 months for s.c. T-pellets]. Patients were ex-
cluded if they had significant uncontrolled intercurrent disease
of any type, hematocrit (Hct) <35% or >48 %, history of poly-
cythemia, untreated, severe obstructive sleep apnea, abnormal
digital rectal exam, prostate-specific antigen (PSA) >4.0 ng/
mL, International Prostate Symptom Score >19 or history of
prostate cancer. Prohibited medications included those that
could affect T levels, T metabolism, or levels of T metabolites
(e.g., antiandrogens, 5-alpha-reductase inhibitors, estrogens,
long-acting opioid analgesics or human growth hormone).
Patients participating in a cosyntropin stimulation sub-study
were not allowed treatment with corticosteroids (oral or in-
haled) and were excluded if they had a pituitary abnormality
(e. g., hypopituitarism, post-surgery, post-radiotherapy, or his-
tory of abnormalities on imaging such as an adenoma).

Primary and other secondary endpoints
The primary efficacy endpoint was mean T concentration
after two dose-adjustment cycles with the objective

(C

avg)
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being to demonstrate that at least 75% (with a lower 95%
CI of 65%) of patients treated with oral TU (JATENZO®)
achieved a T C_, in the eugonadal range of 252 to 907 ng/
dL (9 to 31 nmoF/L) for blood collected in NaF-EDTA tubes.
A topical T solution (i.e., Axiron®) was used as the active T
comparator.

Peak T concentrations (C__ ) were also measured over 24
hours at several points during the study and formed the basis
of a secondary efficacy assessment based on FDA criteria.
Specifically, T-replacement products must yielda C , response
that is in close alignment with the following targets: >85% of
patients with a C__ < 1500 ng/dl (52 nmol/L); < 5% of pa-
tients with C__ between 1800-2500 ng/dL (62-87 nmol/L);
and no patients with a C_ > 2500 ng/dL) (87 nmol/L). These
C,.., categories were ostensibly based on the upper eugonadal
limit in serum of 1000 ng/dL (35 nmol/L). However, the
eugonadal T range in NaF-EDTA plasma when assayed by LC/
MS-MS only extended to 907 ng/dL; therefore, C_ _was also
evaluated (post hoc) in light of a second set of C_, categories
based on T assays in this matrix, namely, > 85% of patients
witha C__ <1361 ng/dL (47 nmol/L); < 5% of patients with
C,,.. between 1633-2268 ng/dL (57-79 nmol/l); and no pa-
tients with a C___ > 2268 ng/dL (79 nmol/L).

Pharmacokinetic and efficacy assessments

The efficacy endpoints of the trial were based on PK of
NaF-EDTA plasma T in patients treated with oral TU. Blood
samples for total T, dihydrotestosterone (DHT), and estradiol
were collected in plain tubes that were allowed to clot for 30
minutes at room temperature (for serum) and NaF-EDTA-
containing tubes (BD vacutainer) that were placed on ice for
30 minutes (for NaF-EDTA plasma) prior to centrifugation on
study PK days (namely, prior to the 2 dose titration visits and
final study visit). Samples from patients in the oral TU group
were obtained at -30 minutes and 0, 2, 4, 6, 9, and 12 hours
after AM dose and 0 (i.e.,12 hours after AM dose), 2, 4, 6,
9, and 12 hours after PM dose. For patients in the topical T
group blood samples were collected at -30 minutes and 0, 2, 4,
6,9,12,14,16, 18,21, and 24 hours after AM dose.

Total T and DHT in NaF-EDTA plasma samples were
measured using a previously reported validated liquid chroma-
tography tandem-mass spectrometry (LC-MS/MS) assay (17).
Serum total T concentrations for screening and comparative
results for the final PK visit were determined using validated
measurements by LC-MS/MS as previously described (12, 13).
Estradiol was assayed using a validated LC-MS/MS assay (18)
in serum using samples collected at the last study visit.

The concentrations of total T and DHT were analyzed to
derive the PK parameters of C_ , time to maximal T con-
centration (T__ ), area under the plasma concentration-time
curve (AUC) and C,, for both the morning and evening
dosing intervals (oral TU only), as well as the entire 24-hour
period (oral TU and topical T). The concentrations of estra-
diol collected at the final visit were similarly analyzed. Free T
concentrations were calculated using the Vermeulen formula
(19) based on T, sex hormone binding globulin (SHBG), and
albumin concentrations.

The Psychosexual Daily Questionnaire (PDQ) (20) was
used to assess sexual function and mood changes. Patients
were asked to complete the questionnaire every day for 7
consecutive days before Day 1 and the last study day (end of
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study). Each domain of the PDQ (sexual desire, enjoyment and
performance, mood, and sexual activity score) was evaluated.

Safety assessments

Safety was assessed by recording serious adverse events
(SAEs), treatment-emergent adverse events (TEAEs), and rou-
tine clinical chemistry and hematology laboratory measure-
ments (particularly hematocrit, PSA and lipid profile). Prostate
symptoms were assessed using the International Prostate
Symptom Score (I-PSS) (21). Vital signs were measured fol-
lowing published guidelines for accurate measurement of BP
(22) in triplicate in the office by an automated oscillometric
device. The average of the 3 office measurements was used for
data analyses. In addition, 24-hour blood pressure (BP) and
heart rate values were acquired every 20 minutes through am-
bulatory BP monitoring (ABPM) (Spacelabs, Inc, Redmond,
WA) performed on the day before the baseline visit and again
1-3 days prior to the final PK Visit.

Data analyses

Efficacy / pharmacokinetic analyses. Efficacy was assessed
based on the percentage of treated patients whose T C___ was
. avg .

in the eugonadal range. The T C_ , was separately summarized
for those receiving oral TU and topical T, respectively, without
a formal comparison between the treatment groups. The Cog
was calculated by non-compartmental PK methods using ac-
tual sample collection times relative to dosing using a modi-
fied intent-to-treat population (mITT). In the efficacy analysis,
patients who dropped out prior to final study day due to a
possible treatment-related cause (e.g., an AE), were counted as
treatment failures, while patients who dropped out for other
causes (e.g., site closure not related to study conduct) had their
T C,leg imputed using last observation carried forward (LOCEF)
methodology. A 95% Clopper-Pearson binomial confidence
interval (CI) for the proportion was reported along with the
estimated proportion.

Standard descriptive PK for the oral TU and topical T, as
calculated using non-compartmental methods, were presented
for total T, free T (calculated), DHT and estradiol. In addition,
changes from the pretreatment baseline to end-of-study were
presented for the endogenous molecules LH, FSH, and SHBG.

Psychosexual daily questionnaire analyses. The
Psychosexual Daily Questionnaire weekly average subscale
scores were computed using the daily scores collected during
the visit period as previously described (20), but only if the
daily questionnaire had been completed on at least 3 of the 7
consecutive days in the period.

Cosyntropin stimulation test. To ensure that the new oral
TU formulation did not cause a reduction in cortisol levels, a
cosyntropin [ACTH (1-23)] stimulation sub-study was con-
ducted at a select number of centers in this study to evaluate
the effect of testosterone on the hypothalamic-pituitary-
adrenal axis and determine if chronic oral TU or topical T
treatment suppressed cortisol secretion. At the initial study
visit (before administration of oral TU or topical T) and at the
last study visit study (i.e., the day after collection of final 24-hr
PK samples), a baseline blood sample was drawn followed by
intravenous injection of 0.25 mg cosyntropin. Blood samples
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for serum cortisol assay by liquid chromatography tandem
mass spectrometry (LC-MS/MS) were subsequently collected
30 and 60 minutes after the injection. For each treatment
group, the adrenal response to cosyntropin was evaluated by
estimating the proportion of patients whose maximum cor-
tisol value was normal (18 mcg/dL) at the pre-treatment visit
and again at the final.

Evaluation of food effect. This sub-study was conducted
only in oral TU patients. At the start of the study, patients
were offered several meal choices during confinement, without
disclosing the nutritional content of the various meal options.
The patients were asked to select the meal that best reflected
what they would typically eat for breakfast and dinner (meals
at which oral TU dosing occurred). After the meal selection,
the same meal was served at all PK visits during the study. The
meal choices had defined amounts of fat (15 g, 30 g, or 45 g).
The unconsumed parts of the meal were recorded to estimate
actual fat intake. In this way, a more real-world setting for
oral TU use was integrated into the design of the study.

The food-effect analysis included all patients on each PK
day for which the subject was evaluable for testosterone con-
centrations for AUC,,,, AUC,,,, and AUC,,. The AM- and
PM-specific PK parameters were examined for a depend-
ence on AM or PM meal type, respectively. The comparisons
were examined using dose normalized AUC_ values. Pearson’s
correlation coefficients between the fat intake and the dose
normalized AUC_ values were calculated.

The distribution of final titrated dose by the various meal
compositions at earlier study visits were examined to ascer-
tain if meal type played a significant role in the dose to which
patients were titrated. This was done using a cross-tabulation
and a Pearson’s chi-square association test. Dose distributions
were examined for the breakfast and dinner meals separately.

PK simulation/modeling and concordance analyses. Two
approaches were taken to determine the optimal time for
the assessment of circulating T on the basis of a single blood
sample after the morning oral TU dose in order to provide
dosing guidance for oral TU in real world clinical settings
where T response to TRT is determined from a single blood
sample. First, extensive simulation and modeling of PK data
was used to identify a discrete blood sampling range (e.g., 4 to
6 hours after oral TU) that would consistently yield a T value
in close agreement with the actual T C,  based on serial PK
samples. The population PK of T following oral TU dosing
were modeled with a 1-compartment model with first order
absorption following a time lag, a central volume of distribu-
tion, and first order clearance. Inter-subject and inter-occasion
variability were incorporated into the time-lag, absorption,
volume and clearance parameters. Testing of each candidate
status sample collection time and choice of cut-off thresholds
utilized 1000 simulated patients run through the protocol- des-
ignated TU dose titration schedule and maintenance treatment
period. The aforementioned sources of inter-occasion vari-
ability introduced random variability among the multiple T
concentration assessments (i.e., each titration visit and end of
study) made for each simulated subject. Second, concordance
analysis was performed to identify the best post-dose T assay
time-point to guide any necessary dose-adjustment in oral TU
patients. Concordance is defined herein to describe the extent
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of agreement between a decision to adjust the oral TU dose
(up or down) when a single circulating T concentration in re-
mains in the hypogonadal range [i.e., <252 ng/dl (9 nmol/L)
for this study]| or supraphysiological range [i.e., >907 ng/dL
(31 nmol/L) for this study] and the desired outcome of that
decision (i.e., a circulating T level in the eugonadal range) is
achieved. Although a predefined concordance result was not
established for this study, the goal was to demonstrate as high
a total concordance as possible (e.g., at least 85%).

Derivation of a Conversion Factor to Allow use of Serum
for T measurements after Oral TU Administration

In this study, plasma samples were collected in NaF-EDTA
tubes to minimize ex-vivo conversion of TU to T. However,
in clinical practice serum T is routinely collected from blood
drawn into in plain tubes. Because the post-collection conver-
sion rate of TU to T is higher in serum (blood collected in plain
tubes) compared to plasma (blood collected in NaF-EDTA
tubes) (15, 16), a Phase 1 study (CLAR-18019, ClinicalTrials.
gov identifier: NCT03973840) provided data for calculation
of the conversion factor between T levels measured in blood
collected in NaF-EDTA tubes and plain tubes from men who
received oral TU.

Results

Subject disposition and baseline characteristics

A total of 221 eligible patients were randomized and
received treatment in a 3:1 ratio to oral TU (]ATENZO®;
N = 166) or topical T (Axiron®; N = 55). Approximately
92% of the patients who were randomized to oral TU

https://academic.oup.com/jcem 5

completed the study compared to 88% in the topical
T arm. Fig. 1 summarizes the overall subject dispos-
ition by treatment group for the intent-to-treat popu-
lation. Demographics and baseline characteristics were
similar between the two treatment arms as summarized
in Table 1.

Efficacy results

Primary and secondary efficacy results are summar-
ized in Table 2. Based on T results obtained at the final
PK visit of the study, 87.3% of patients in the oral TU
group had T C_ , values in the eugonadal range, with a
mean = SD value of 403 = 128 ng/dL (14 = 4 nmol/L)
based on T assay of NaF-EDTA plasma. When expressed
in terms of approximate equivalent serum T concentra-
tion (15), the mean = SD value was 489 = 155 ng/dL
(17 = 5 nmol/L). Of those patients dosed with topical T,
primary efficacy identical to oral TU was observed (i.e.,
87.3%) based on final visit T assays. Sensitivity analyses
[i.e., last-observation-carry-forward (LOCF), multiple
imputation and imputation from baseline] were per-
formed to assess the impact of missing T data at the
final PK visit for oral TU patients. All three analyses re-
sulted in estimates of the percentage of patients in the
eugonadal T range of 86 to 90%.

At the end of the study, values of T C__ <1500 ng/
dL were observed for 90.7% of patients in the oral TU

Subjects Screened
N=537

T

Failed Screening or Refused

Randomized, 3:1 Ratio
N=221 (41%)

N=315 (59%)

—

o

Randomized to Oral TU (JATENZO®)
N=166

Randomized to Topical T (Axiron®)
N=55

\4

Completed Study
N=154 (93%)

Discontinued Study N=12 (7%)
4 Adverse Events
2 Lost to Follow up
1 Non-compliance
5 Subject Request

v

Included in Final PK Analysis After
2 Dose Adjustment Cycles
N=151

!

Completed Study
N=49 (88%)

Discontinued Study N=7 (13%)
1 Adverse Event
3 Subject Request
3 Other

Included in Final PK Analysis After
2 Dose Adjustment Cycles
N=48

Figure 1. Overall subject disposition by treatment group for intent-to-treat pharmacokinetics (PK) populations.
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Table 1. Demographics and baseline characteristics at baseline of intent-to-treat hypogonadal male

population

Characteristic

Oral TU (N = 166)

Topical T (N = 56)

Age (years)
Mean (SD)
Race, n (%)
American Indian or Alaska Native
Asian
Black or African American
White
Other
Height (cm)
Mean (SD)
Weight (kg)
Mean (SD)
Prior testosterone therapy, n (%)
BMI (kg/m )"
Mean (SD)
Median
Minimum, maximum
BMI categories, n (%)
Under weight: < 18.50 (kg/m )
Normal weight: 18.50-24.99 ( kgz/m
Overweight: 25.00- 29 99 (kg/m?)
Obese: > 30.00 (kg/m )
Blood pressure (mm Hg)
Systolic pressure (SD)
Diastolic pressure (SD)
History of hypertension, n (%)
Yes
No

51.6 (9.08) 53.4 (7.86)
0 1(1.8)
3(1.8) 2(3.6)
29 (17.5) 11(19.6)
133 (80.1) 42 (75.0)
1(0.6) 0
178.4 (6.81) 178.4 (7.61)
101.4 (15.75) 98.2 (14.24)
166 (100) 56 (100)
31.8(4.16) 30.9 (4.13)
32.2 30.6
17,38 21, 38
1(0.6) 0
7 (4.2) 4(7.1)
50 (30.1) 20(35.7)
108 (65.1) 32 (57.1)
126.9 (11.47) 123.5(13.18)
79.1 (7.84) 77.1(8.03)
87 (52.4) 26 (46.4)
79 (47.6) 30 (53.6)

Abbreviations: BMI, body mass index; ITT, intention-to-treat; SD, standard deviation; TU, testosterone undecanoate.

group and 97.9% of patients in the topical T group.
None of the patients treated with oral TU experienced
a C,,, value >2500 ng/dL except for three spurious and
transient C__ excursions above 2500 ng/dL that were
determined to be the result of external contamination of
the 2-hour post-dose plasma samples at a single study
site where plasma samples were being prepared from
topical T patients at the same time as samples from
those dosed with oral TU. If a blood sample collected
from an oral TU-treated subject was contaminated with
exogenous T, the expectation was that the T concen-
tration in the sample would be enhanced but the DHT
concentration would not be. And this was found to be
true. The DHT/T molar ratios for the three suspect sam-
ples where all were between 0.0439 and 0.0602, values
that were less than half the mean DHT/T ratio (0.1484)
observed in 2-hour post-dose samples of the other oral
TU-treated subjects.

Effects on sexual function and mood

As illustrated in Fig. 2, both the oral TU and top-
ical T groups demonstrated significant improvements
from baseline (p < 0.0001) in each of the psychosexual
parameters, with mean increases from baseline noted
for sexual desire, sexual enjoyment with and without

a partner, sexual activity, satisfaction with erection dur-
ation, % full erection, and positive mood and mean
decreases noted for negative mood. No significant
differences in magnitude of change from baseline be-
tween the treatment groups (p > 0.05 for all compari-
sons) were observed for any of the Psychosexual Daily
Questionnaire parameters.

Oral TU dose titration and pharmacokinetics

The average dose of oral TU increased with each
titration cycle. Overall, there were more up-titrations
than down-titrations. Among the 155 oral TU pa-
tients who completed the study, approximately 72%
were up-titrated from the initial dose (32% to 316 mg
and 40% to 396 mg TU, BID), 26% remained at their
initial oral dose of 237 mg TU, BID, and 3% were
down-titrated (237 to 198 mg TU, BID). Among the
49 topical T patients who completed the study, ap-
proximately 45% required no titration from the initial
dose of 60 mg QD, while the remaining patients were
titrated up in dose.

The average dose of oral TU progressively increased
during the titration process from the starting dose of
237 mg oral TU, BID to 287 mg TU in response to dose
adjustments made at the first titration visit to 325.1 mg
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Table 2. Percentage of patients with testosterone (T) C,,

for primary analysis (modified ITT population)

values in the eugonadal range at end of study

FDA Target Oral TU Topical T
T concentration
Patients N 166 55
C.. range 252 ng/dL < C,, g < 907 ng/dL, % (n)® 87.3% (145)) 87.3% 48))
995 81.3%, 92.0% 75.5%, 94.7%
C,, Mean (SD) ng/dL (NaF-EDTA plasma) 402.5(127.7) 390.6 (139.9)
995% Cl 379.7,422.7 352.8, 428.5
C,,q Mean (SD) ng/dL (serum equivalent) 488.7 (154.5) 474.2 (169.8)
95% C| 461.0, 513.2 428.3,520.2
Serum testosterone
Patients, N 151 48
Cax Fange, % (n)
<1500 ng/dL >85% 90.7% (137) 97.9% (47)
>1800-2500 ng/dL <5% 2.0% (3) 2.1% (1)
>2500 ng/dL 0 2.0% (3)° 0
NaF-EDTA Plasma
Patients, N 151 48
TC Range % (n)
<1361 ng/dL na 82.8% (125) 97.9% (47)
>1633-2268 ng/dL na 3.3% (5) 2.1% (1)
>2268 ng/dL na 2.6% (4)° 0

Abbreviations: C,, T average observed concentration over 24 h; C |
tosterone undecanoate; FDA, Food and Drug Administration.

2 Maximum observed concentration over 24 h; ITT, intention-to-treat; TU, tes-

Eugonadal range for T measured by LC/MS-MS in NaF-EDTA plasma; serum equivalent = 306-1100 ng/dL.

®Eight patients had Cn
“All 3 patients had C

o values >1500 to <1800 ng/dL.

max “Values indicative of sample contamination.

dPost hoc analysis based on upper limit of eugonadal range for T assayed in NaF-EDTA plasma. FDA has not established T Ch

plasma matrix.

eThree patients had C__, values indicative of sample contamination

TU after dose adjustments were made at the second
(and final) titration step. Upward adjustments to oral
TU dose were consistent with the increases in the mean
T concentration-time profiles across the three different
visits. Mean concentration-time profile for NaF-EDTA
plasma total T at the PK visits is shown in Fig. 3 for the
oral TU patients.

When the T results of all patients at a particular visit
were combined, regardless of the dose of oral TU they
received, the mean peak T over 24 hrs. (C_ ,,) for oral
TU patients ranged from approximately 800 ng/dL
at the first dose titration to 1000 ng/dL at the end of
study and occurred at median times of approximately
24 hours following the AM dose, and approximately
4 hours following the PM dose. The mean NaF-EDTA
plasma (approximate equivalent serum T) C_ ., values
ranged from 335 (407) ng/dL at the first titration to
403(489) ng/dL at the final PK visit. The coefficients of
variation (CVs) for Can24 decreased as the visits pro-
gressed through the study (46.7% to 37.7% to 31.7%),
as would be expected since the titration process was de-
signed to down titrate those patients with high Corg
values and up titrate patients with low C,yg4 values,
thus progressively narrowing the distribution of Covga
values with each titration step. The outcome of this pro-
cess is depicted graphically in Fig. 3. The mean plasma

o targets for NaF-EDTA

total T PK parameters at the end of study are summar-
ized by treatment for all doses combined in Table 3.

Single-sample dose-adjustment paradigm for
oral TU

Pharmacokinetic (PK) modeling and simulation re-
sults for circulating T confirmed that dose titration deci-
sions based on a single blood sample taken 3-5 hours or
at4 hours after the morning oral TU dose was an effective
means to guide dose adjust to achieve/maintain T con-
centrations in the eugonadal range. As shown in Table 4
regardless of the three measures used to determine the
need to adjust the oral TU dose (i.e., Cavg based on
serial PK blood sampling, a single blood sample 4 hours
after the morning dose or a single sample taken any time
between 3 to 5 hours after oral TU), efficacy was high
with 95% of patients achieving a mean T concentration
in the eugonadal range and <5% of patients with a mean
T level below normal. Concordance analysis of the re-
sults from the first and second dose-titration visits are
shown in Fig. 4 [tabular concordance data are available
in Dryad Digital Repository (23)]. These results demon-
strated that for the first and second PK visits, total con-
cordance was 88% and 93 %, respectively, when a single
blood sample for T assay was collected 4 hours after the
oral TU dose. When total concordance was analyzed on
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Figure 2. Effects of oral TU and topical T on mean change from baseline in Psychosexual Daily Questionnaire data at end of study (all T-treated

patients). *Statistically signficant difference from baseline (P < 0.0001).

the basis of a single T concentration at 6 hours after oral
TU at the first and second PK visit, total concordance
was 98 and 96 %, respectively.

Derivation of a Conversion Factor to Permit use
of Serum v. NaF-EDTA Plasma T to Guide Dose
Adjustments in Men Treated with Oral TU in a
Clinical Setting

As noted previously, in order to monitor T levels in
patients receiving oral TU using standard blood collec-
tion techniques (i.e., plain tube for serum T assay), it
was necessary to derive a conversion factor which ac-
counted for TU-to-T conversion in serum from blood
that had clotted at room temperature v. NaF-EDTA
blood collection tubes held on ice that prevented this
conversion (i.e., blood collection method as used in cur-
rent Phase 3 clinical trial). We have shown previously
that the amount of T generated due to TU-to-T conver-
sion is, in part, a function of TU concentration and that
NaF directly decreased T levels assayed by LC/MS-MS
when blood was collected into NaF containing tubes

(15). Thus, we were able to calculate a conversion factor
based on the regression equations or the estimated TU
concentration 6 hours post-dose, namely, 52 ng/mL
(obtained from a non-published study; ClinicalTrials.
gov Identifier: NCT01403116). To convert a T concen-
tration measured in NaF-EDTA plasma to an equiva-
lent T concentration measured at C, in serum required
multiplying the NaF-EDTA plasma T concentration by
1.214. This overall correction factor is the product of
three independent factors: 0.999 (to account for the
small amount of overestimation in the NaF-EDTA con-
taining tube) x 1.043 (to account for the overestimation
of T that would occur in the plain tube due to TU to T
conversion) x 1.166 [to account for a NaF matrix effect
(NaF-EDTA plasma v. serum)| on T measurement (15).
Thus, it was possible to obtain a close estimation of the
equivalent serum T concentration in samples collected
6 hours post-dose when the T concentration was meas-
ured in NaF-EDTA plasma. To test the applicability of
this conversion factor (derived from the N = 13 blood
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Figure 3. Mean (+standard error) concentration-time profiles for NaF-EDTA plasma total T in patients treated with oral TU at the first, second,
and final pharmacokinetics (PK) visit. Values in graphs can be converted to approximate serum T equivalents by multiplying by 1.214 (see text for
detail). *As measured in NaF-EDTA plasma.

Table 3. Summary of oral TU and topical-T NaF-EDTA plasma total testosterone (T) pharmacokinetic
parameters by treatment

Oral TU (All Doses) Topical-T (All Doses)
Visit PK Parameter Units N Mean SD N Mean SD
Baseline Plasma ng/dL 165 206.8 80.72 54 202.7 91.82
Final day Cavng ng/dL 151 40259 127.72 48 383.0 131.36
a4 ng/dL 151 1008.3 581.04 48 664.0 319.23
max_amb'c h 155 3.87 (0.00, 12.08) 48 4.01 (0.00, 24.00)
o h 151 16.00 (12.00, 24.02)

Abbreviations: AamM, morning; Cavgaar time-weighted average plasma T concentration am and pm doses combined; C__.,,, mximum observed T concen-
tration am and pm doses combined; C_ . . time-weighted average T concentration over the daytime dosing interval following the am dose; C,_, ...
time-weighted average concentration over the daytime dosing interval following the pv dose; PK, pharmacokinetic; pm, evening; SD, standard devi-
ation; T Tmaseos TiME 10 C o /C o TU, testosterone undecanoate.

°C,,.q04 Calculated using actual sample collection times.

T nax Values are median (range) after am oral TU dose; Tmax,,, values are median (range) after av oral dose. Mean (range): 12 h =T __ relative to pm
oral TU dose.

“Topical T,,,, is relative to the am dose since it was applied once daily each morning.

dMeasured in NaF-EDTA plasma. Approximate serum T value = 489 = 155 ng/dL.

Table 4. Simulation results evaluating mean T concentration (C

) vs time of single sample collection after
oral TU as surrogate for true Cavg

avg

Estimated % of Patients with Cavg Within T Interval (95% Cl) on Final PK Visit

< 252 ng/dL 252-907 ng/dL > 907 ng/dL
Target at final PK visit >75%
C,,g-based titration schemes 3.4 (0.0-8.5) 94.8 (88.9-99.0) 1.8 (0.0-4.0)
Single draw status sample at defined time point (C,) 4.6 (1.5-8.7) 94.4 (89.8-98.0) 1.0 (0.0-3.1)
Single draw status sample in C, . window 4.7 (1.0-10.0) 94.3 (89.0-98.5) 1.0 (0.0-3.0)

Abbreviations: T, testosterone; C,_ ¢, T concentration 3 to 5 h after morning dose; C,, T concentration 4 h after morning dose; C
concentration over 24 h; Cl, confidence interval; C__, maximum T concentration.

avgr Average observed

collection study), it was applied to NaF-EDTA plasma resulted in a mean (95% CI) error of only 3.1% (0.4%,

T data generated from oral TU patients at their final PK 5.8%)—too small to impact essentially any dose titra-
visit. At that visit, duplicate PK samples were collected tion decision. Furthermore, this error is substantially
in NaF-EDTA and plain tubes so T concentrations could less than the 15% error allowed for most clinical as-

be measured in both. Applying the conversion factor says (24). Finally, this conversion factor was integrated
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(invisibly) into product labeling for the new oral TU
formulation such that health care providers can assess
T response and make dose-titration decisions based on
serum T derived from blood collected into standard
plain tubes (i.e., devoid of any chemicals).

Food effect

There was no clinically significant difference in dose-
normalized T C, . among the meal types, indicating that
dose titration based on post-AM blood samples was not
significantly impacted by the AM meal fat composition

Oral testosterone undecanoate: male hypogonadism

J Clin Endocrinol Metab, August 2020, 105(8):1-17

between 15 to 45 g fat (see Fig. 5). There was also no
significant effect of food on peak T (C_ ) concentra-
tions. These data demonstrate the reproducibility of
PK responses of patients on a particular diet (i.e., with
respect to fat content) over the PK visits, regardless of
their oral TU dose. Dose normalization compensates for
any dose titration changes between PK visits. The PK
patterns were similar with both the AM and PM doses
and even though the high fat and very low fat patients
had the most variability in the between visit PK values,
they were not substantially different between visits, nor

/N

First Dose Titration Cycle
Total Concordance

\

First Dose Titration Cycle
Total Concordance

Single Sample Determination of T Concentration
at 4 hours after Oral TU

Single Sample Determination of T Concentration
at 6 hours after Oral TU

)\

Second Dose Titration Cycle
Total Concordance

)\

Second Dose Titration Cycle
Total Concordance

M 100% Concordance

Actual + Effective Concordance

Figure 4. Concordance between decision to adjust oral TU dose on basis of single sample determination of circulating T concentration at 4 and
6 h after the morning oral TU dose and outcome of decision for first and second dose-titration cycles.

35

3

N
n

N

=
(5]
)
I
I
|
|
|
|
|

[
}
)
)
I
1
3
\
\
\
\
\
\
\

Dose-normalized Cavg or Cmax
(ng/mL/mg TU)

- A= AM 15 g fat
- ©—= AM25gfat
- - AM45gfat
——at— PM 15 g fat

0.5 —e— PM 25 g fat
—a&— PM 45 g fat
0 - } } } } } {
First PK Second PK  Final PK First PK Second PK Final PK
Cavg Cavg Cavg Cmax Cmax Cmax

Figure 5. Dose-normalized mean average T concentration (C,q

) at PK visits for oral TU patients (stratified by mean dietary fat content).
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substantially different from patients on diets with other
fat content.

Changes in calculated free T, SHBG, Estradiol, DHT,
LH and FSH after oral TU

Effects of oral TU and topical Ton calculated free T,
DHT, estradiol (E,), LH, FSH and SHBG are depicted
in Fig. 6. As expected in both treatment groups, T ad-
ministration caused significant elevations from baseline
in free T, DHT, and estradiol and decreases in, LH, FSH
and SHBG. The magnitude of effects observed in oral
TU patients paralleled those seen in patients treated
with topical T and the differences in responses between
the treatment groups was not statistically different.
However, there was a trend toward higher free T con-
centrations in oral TU patients compared to topical T
patients and a greater mean decline in SHBG in oral
TU patients. The greater increase in free T from base-
line for the oral TU group was partly a function of a
36% decrease in mean SHBG from 28.6 + 14.7(SD)
to 17.0 7.6 nmol/L in the oral TU group compared
to essentially no change in the topical T group from
26.8 + 10 to 26.4 =+ 11.7 nmol/L. However, both base-
line and final mean SHBG concentrations remained
within the normal range for eugonadal men (10.8 to
46.6 nmol/L) at the final study visit in both groups.

Over the course of the study, mean estradiol
levels increased to slightly above the upper end of
the eugonadal range in both treatment groups [oral
TU: 32 + 14 pg/mL (117 = 51 pmol/L) and topical
T: 33 = 18 pg/mL (121 = 66 pmol/L]. Plasma DHT
concentrations for the oral TU- and topical T treated
patients were essentially identical at all PK visits and
at the final visit [73 ng/dL (2.5 nmol/L) were slightly
above the normal upper limit of 65 ng/dL (2.2 nmol/L).
Mean change from baseline in the serum concentra-
tions of LH and FSH at end of study (AM pre-dose
concentration) in the oral TU and topical T patients
showed an approximately 70% decrease from mean
baseline values.

Safety results

The overall incidence of treatment-emergent adverse
events (TEAEs) considered related to study drug oc-
curred in 18.7% of patients in the oral TU group and in
14.5% of the topical T group (Table 5). No deaths oc-
curred during the study, and there were no drug-related
serious adverse events. The proportion of patients who
prematurely discontinued from the study due to adverse
events was 1.8% in each treatment group. Changes
from baseline to final visit in several important clinical
chemistry, hematology and hemodynamic parameters

https://academic.oup.com/jcem 1

of interest in men treated with T are summarized in
Table 6.

Investigator-reported TEAEs which occurred more
frequently in oral TU patients than in the topical T
group were increased hematocrit, hypertension, and de-
creased high-density lipoprotein (HDL). Each of these
events (occurring in 3-5% of oral TU patients) was re-
ported as mild or moderate in intensity and none re-
sulted in premature discontinuation from the study.
Decreased HDL events occurred at the higher oral TU
doses (316 mg and 396 mg BID), whereas events of in-
creased hematocrit and hypertension were not related
to TU dose.

As expected, based on the pharmacological actions of
T, mean increases from baseline in hematocrit were ob-
served in both treatment groups at each study visit but
remained within the normal range in most men (97%
oral TU; 100% topical T). Shifts from normal hemato-
crit values at baseline to above the normal range were
observed in 3% of oral TU patients at the final visit,
compared with none of the topical T patients.

No clinically significant changes in the liver func-
tion tests [i.e., alanine (ALT) and aspartate (AST)
aminotransferases, alkaline phosphatase (AP) and
bilirubin] were observed in either treatment group
(Table 6). Two oral TU patients experienced increases
in AST or ALT that were < 2x the upper normal limit
(UNL) and one oral TU patient experienced a transient
elevation of AST (<2x UNL) that returned to normal
during continued oral TU therapy. Changes in lipid pro-
files were more pronounced among oral TU patients
compared with topical T patients. Shifts from normal
baseline to below the normal range for HDL were ob-
served in 28.9% of oral TU patients compared with
14.8% of topical T patients at the final visit. Smaller
differences between the treatment groups were observed
for shifts from normal baseline to above the normal
range in total cholesterol (7.8% versus 3.7%) and tri-
glycerides (13.3% versus 9.3%).

Clinic systolic BP (i.e., cuff) increased from base-
line to the end of the study (final visit) in both treat-
ment groups (mean = SD: oral TU, 2.8 =+ 11.8 mm Hg;
topical T, 1.8 + 10.8 mm Hg), whereas diastolic blood
pressure was essentially unchanged at the final visit for
both groups. Censoring measurements collected after
addition of or an increase in dosage of antihypertensive
medications had little effect on estimates of mean change
for clinic BP. The changes from baseline in systolic BP
for the treatment groups were considered in the con-
text of the 2017 AHA/ACC BP classifications (Table 7).
The baseline BP was higher in the oral TU group as evi-
denced by the greater percentage of patients with Stage
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Figure 6. Effect of oral TU and topical T on LH, Free T, DHT, FSH, estradiol, and SHBG over course of T therapy.

1 or 2 hypertension in the oral TU group than in the
topical T group, 65% vs 42%, respectively. Testosterone
treatment induced a shift to higher BP classifications,
but shifts to Stage 1 or 2 hypertension were similar in
both treatment groups (31% of the oral TU and 32% of
the topical T group).

Measurement of BP with ABPM yielded greater
mean increases from baseline to end of study (ap-
proximately 2 days prior to final PK visit) in average
daytime (P < 0.01), nighttime (P < 0.01), and 24-hour

(P < 0.002) systolic BP for the oral TU group than
for the topical T group. The 24-hour average sys-
tolic BP increased 4.9 = 8.7 mm Hg in the oral TU
group and 0.2 = 9.4 mm Hg in the topical T group
(P = 0.0013). Mean increases in the average daytime,
nighttime, and 24-hour diastolic BP from baseline to
Visit 6 for the oral TU group were also greater than
for the topical T group but the differences were not
statistically significant. Among the oral TU patients,
mean increases in systolic BP were slightly greater in
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Table 5. Treatment-emergent adverse events occurring in >2% of patients in either T treatment group

(safety population)

Preferred Term

Oral TU (N = 166)

Topical T (N = 55)

TEAE occurring in >2% of patients, n (%)
Headache
Hematocrit increased
Upper respiratory tract infection
Hypertension
High-density lipoprotein decreased
Nausea
Rash
Overdose

78 (47.0) 20 (36.4)
8(4.8) 1(1.8)
8(4.8) 0
6(3.6) 0
5(3.0) 0
5(3.0) 0
4(2.4) 0
2(1.2) 2(3.6)
1(0.6) 2(3.6)

Table 6. Percent or absolute change from baseline to final visit in key clinical chemistry, hematology and

hemodynamic parameters

Parameter

Oral TU (n)

Topical T (n)

Alanine aminotransferase (U/L)
Alkaline phosphatase (U/L)
Aspartate amino transferase (U/L)
Bilirubin (umol/L)
Total cholesterol (mmol/L)
HDL_ (mmol/L)
LDL. (mmol/L)
Triglycerides (mmol/L)
Prostate specific antigen (ug/L)
Hematocrit (/L)
Systolic BP

Cuff (mmHg)

ABPM (mmHg)
Diastolic BP (mmHg)
Heart rate (beats/min)

-5.38+31.72% (

-14.10 = 11.84% (

2.74 £ 39.07% (

0.41 +50.3% (

-4.29 +15.28% (
-13.91 + 15.67% (162

5.95 + 26.04% (

12.99 + 46.23% (

(

(

597+746% 160 473+665%
2.8+11.8(162) 1.8 +10.8 (54)
4.9 +8.7(162) 0.2 +9.4 (45)
0.6 +8.3(162) 0.6 + 7.4 (54)
2.1+£9.1(162) 2.1+£7.9(54)

159
162
159
162
156

—-6.09 +30.57%
-4.83 +£19.81%
—0.74 £ 29.64%
7.8+41.7%
-5.14+£12.13%
-3.39 £ 16.06%
=214 +£17.71%
8.07 £ 35.08%

162

5
5
5
5
5
5
5
162 5
5
5

T — — T T
PRy

patients with a history of hypertension who were re-
ceiving antihypertensive medication (5.5 = 8.9 (SD)
mm Hg) compared to those with no history of hyper-
tension (4.3 = 8.6 (SD) mm Hg). There were no dis-
continuations of oral TU due to hypertension; 5.9%
of oral TU patients initiated antihypertensive medica-
tion or required a dose increase of existing therapy.
The 24-hour average heart rate in the oral TU treated
group increased by 2.2 + 7.7 (SD) beats/minute while
in the topical T treated group heart rate decreased
by 0.1 = 6.3 bpm. The changes in heart rate were not
statistically significant in either treatment group.

Mean and median changes in PSA were small and
comparable between the treatment groups. In addition,
a statistically significant difference was not observed
between the treatment groups for the proportion of
patients with PSA values > 4 ng/mL or with a change
from baseline > 1.4 ng/mL at the end of study (1.9%
oral TU; 3.8% topical T). Consistent with the PSA data,
only minimal and clinically insignificant effects were ob-
served in both treatment groups for urinary symptoms
measured by I-PSS.

The cosyntropin stimulation sub-study was in-
cluded to evaluate the effect of oral TU on cortisol

production due to findings of adrenal cortex atrophy
and reduced cortisol levels in dogs treated with high
doses of oral TU. Although the oral TU group had a
significantly lower proportion of patients who had a
post-cosyntropin stimulation cortisol value > 18 pg/
dL than the topical T group (79% v. 100%), the dif-
ferences between Day 1 and final study day for max-
imum cortisol concentrations post-injection and
changes in cortisol concentrations from pre-injection
showed no statistically significant differences between
the treatment groups. Four oral TU patients had cor-
tisol values after cosyntropin stimulation that were
slightly below the response cutoff level of 18 pg/dL;
however, these responses in cortisol levels (range: 16.5
to 17.6 pg/dL) were not consistent with adrenal in-
sufficiency and not considered clinically significant.
Notably, during T treatments (and similar to SHBG
levels), cortisol binding globulin levels were sup-
pressed in the oral TU group compared to the topical
T group such that when free cortisol levels were calcu-
lated, there was no difference the two groups. Only 2
patients had post-stimulation free-cortisol values that
were minimally below the published threshold for free
cortisol of 1.19 ng/dL (25).
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Table 7.
classifications

Effect of oral TU and topical ton shifts in hypertension classification based on 2017 ACC/AHA BP

Final Study Visit Classification (%)

Treatment Group Baseline Classification® Normal Elevated Stage 1 HTN Stage 2 HTN
Oral TU, N = 162°
Normal (22%) 12 5 4 1
Elevated (13%) 3 3 4 3
Stage 1 HTN (51%) 5 6 21 19
Stage 2 HTN (14%) 1 4 4
Topical T, N = 54°
Normal (41%) 13 3 11 2
Elevated (13%) 2 4 6 2
Stage 1 HTN (37%) 6 4 17 11
Stage 2 HTN (3%) 2 2 0 6

Abbreviations: dBP, diastolic blood pressure; sBP, systolic blood pressure.

“Normal sBP <120 mm Hg and dBP <80 mm Hg; elevated sBP 120-129 mm Hg and dBP <80 mmHg; Stage 1 sBP 130-139 mm Hg or dBP 80-89 mm

Hg; and Stage 2 sBP >140 or dBP > 90 mmHg.

PFour patients in the JATENZO group and 1 subject in Axiron group did not have follow up blood pressure.

Discussion

This multicenter, Phase 3 study in adult hypogonadal
men was designed to evaluate the efficacy and safety of
oral TU to support U. S. regulatory approval. The pri-
mary goal of T therapy in hypogonadal men is to achieve
mean daily T levels the eugonadal range, avoid exces-
sive peak concentrations (26), and ameliorate symp-
toms associated with T deficiency. Oral TU restored T to
eugonadal levels in 87.3% of patients with an approxi-
mate mean serum T C | of 489 = 155 ng/dL (converted
from NaF-EDTA plasma T values) and with a mean
C,.. response that was in close alignment with FDA tar-
gets established for TRT products. In addition, oral TU
was associated with clinically significant improvements
in symptom relief. The overall safety profile of oral TU
was like that for other approved TRT products and re-
flected the well-recognized adverse effect profile of TRT
products as a class (e.g., decreased HDL, increased
hematocrit). However, oral TU was associated with a
modest mean increase in systolic blood pressure of 3
5 mmHg. As expected, patients treated with oral TU ex-
perienced a greater number of Gl-associated side effects
[e.g., nausea, diarrhea, and burping (often described as
‘minty burps’ owing to the presence of peppermint oil in
the oral TU formulation] compared to topical T patients
but these were transient, minor in severity and did not
result in any patients discontinuing oral TU.

Dose titrations were based on a subject’s total T Cavg
determined from serial PK sampling over a 24-hour
period to ensure a the most accurate characterization
of a patient’s T concentration (27). However, dose ti-
trations based on 24-hour sampling are not practical in
clinical medicine and thus PK analyses were conducted
to demonstrate that a single sample drawn between 4

and 6 hours after the AM oral TU dose could effect-
ively guide dose titration. Total concordance for dose
titration between the 4 (C,) and 6 (C,) hour T concen-
trations after oral TU administration and C_ , was ex-
ceptionally strong [C,: 88-93%; C,: 96-98 %] at both
titration visits. This indicates that dose-titration deci-
sions based on a single status blood sample drawn from
men dosed with oral TU can be used to effectively guide
dose titration in a real-world clinical setting.

Although efficacy of TRT therapies in the U. S. is
based solely on T PK parameters, the clinical benefit is
better assessed using patient reported outcomes such
as the PDQ questionnaire. This questionnaire assesses
the patient’s sexual health along several domains. In the
Testosterone Trials, question 4 of the PDQ question-
naire was one of the primary endpoints and clinically
meaningful score change was determined using data
from this study (2, 28). In the present study, there were
statistically significant improvements in all domains of
the questionnaire in both treatment groups. Of par-
ticular note, oral TU was associated with a significant
increase (both statistically and from a clinical perspec-
tive) in the sexual activity domain—a finding consistent
with that observed with topical T in this study and in
the T trial in older men (28).

Oral TU was associated with a small but significant
increase in systolic BP versus topical T. The observed
increase in systolic BP in some oral TU patients is con-
sistent with effects reported for a new parenteral (sub-
cutaneous) form of T-enanthate now marketed in the
U. S. (29), an older formulation of TU available out-
side the U. S. [Andriol® (30);] and an oral TU product
in phase 3 development [ClinicalTrials.gov identifier:
NCT No. 03868059) (31)]. In an effort to determine
the etiology of elevated BP we explored the potential

220z Iudy 91 uo 1s8nb AQ £GEYERS/S1GZ/8/S0L/BI0IME/WS0l/L0D"dNO"OILISPEOE//:SARY W) PAPEOIUMOQ



doi:10.1210/clinem/dgaa238

relationship between rise in BP to numerous other fac-
tors (data not included herein), including: oral TU dose,
total and free T, estradiol and DHT concentrations;
changes in hematocrit, hemoglobin (as a surrogate for
viscosity and increase in plasma volume), potassium (as
a surrogate of possible increases in mineralocorticoid
levels/activity), and heart rate (as a surrogate of increases
in B-adrenergic receptor activity). None of these factors
correlated with elevation in systolic BP (R? < 0.04).

The clinical significance of a 3 to 5 mmHg rise in
systolic BP in hypogonadal men who have increased
cardiovascular risk (32) as result of long-standing T de-
ficiency is unclear. Meta-analyses of large population-
based prospective studies demonstrate elevations in BP
are directly related to an increased risk of major adverse
cardiovascular events including myocardial infarction,
strokes and death (33). However, in individual patients,
clinically important changes in systolic BP (e.g., con-
firmed increases > 10 mmHg or resultant values which
increase to > 140 mmHg) are detectable by clinicians
after initiating treatment with T and can be suitably
managed. Importantly, guidelines for the management
of hypertension are based on absolute values of the BP
and hypertension categories rather than changes in BP
(34). During the present study, BP changes in both the
oral TU and topical T patients resulted in shifts to higher
hypertension categories as evidenced by the fact that
the percentage of patients in each treatment group that
shifted upwards into Stage 1(130-139/80-89 mmHg)
or Stage 2 (2140/90 mmHg) hypertensive categories
was comparable.

Testosterone replacement therapy is known to pro-
mote sodium and fluid retention (35), and this may be at
least one mechanism leading to elevated BP in some men
dosed with oral TU. Regardless of the etiology, careful BP
monitoring should be added to the other routine moni-
toring of men who are receiving oral TU. In addition,
men treated with oral TU who have controlled hyper-
tension should be monitored for potential increases in
BP that would warrant changes to their hypertension
treatment and potential cessation of oral TU.

In prior studies, we have shown that the ex vivo
conversion of TU to T, as manifested by increases
in T concentration after sample collection, was ob-
served in blood samples collected from men receiving
oral TU. The rate of conversion was more rapid in the
blood samples held at room temperature than kept
on ice or collected in tubes that did not contain NaF,
a non-specific inhibitor of esterase activity (15). In the
present study, T levels used for dose-titration decisions
measured in NaF-EDTA plasma to minimize the ex-vivo
contribution of TU to T measurements. However, in
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clinical practice, serum is the preferred matrix for T as-
says. Therefore, we performed a separate study to de-
rive and validate a conversion factor that could be used
to convert NaF-EDTA plasma T concentrations in men
dosed with oral TU into approximate equivalent serum
T concentrations.

Oral delivery of T is simple, convenient and should
foster improved patient adherence—a well-described
problem with topical T products (36). In addition, oral
T administration avoids the potentially painful injection
of T-esters (including TU) and eliminates all risk of T
transference to women and children, the risk associated
with topical gel/solution products. Oral TU was not been
associated with liver toxicity in the present study nor
in prior clinical studies of this oral TU formulation in
which men were treated with oral TU as higher dosages
dosed for up to 2 years (ClinTrials.gov: NCT01403116
and NCT01699178). Nor has the new oral TU product
been observed to have an overall safety profile different
from T replacement products as a class—with the pos-
sible exception of effects on BP. However, the magnitude
of oral TU effect on BP was the same as that observed
for a weekly injected (s.c.) T-enanthate formulation
when BP was measured by ABPM (29).

Our study has several strengths and weaknesses.
This is the first published study of oral TU in hypo-
gonadal men to demonstrate pharmacokinetic efficacy
in line with current U. S. regulatory approval stand-
ards. Second, we have demonstrated by two different
but related analyses that a single blood sample can be
collected about 4-6 hours after the morning oral TU
dose to assess the approximate average concentration
of T over the dosing interval to reliably guide needed
dose adjustments. Third, we have demonstrated that
the dose titration scheme prospectively evaluated in this
study is robust based on the overall percentage of men
who achieved eugonadal T levels and close alignment of
peak concentrations with targets established by FDA.
Finally, we factored into the study design the poten-
tial conversion of TU to T in blood samples collected
for T assay in order to generate accurate T measure-
ments on which efficacy was determined. These data,
when combined with data from another study (un-
published), enabled us to determine a means by which
oral TU response and dose adjustment in a real-world
clinical setting can be achieved on the basis of T meas-
ured in serum using standard procedures. In contrast to
these strengths, studies of this type are not designed to
provide outcomes data relative to long-term safety and
efficacy parameters and thus, the number of patients
evaluated was relatively small. Similarly, the length of
oral TU treatment was also fairly brief. Nonetheless, we
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demonstrated an efficacy and safety profile largely con-
sistent with that observed for a topical T comparator
and currently available T replacement products, as a
general class.

We conclude that the new oral TU formulation
evaluated in this study is a safe and effective means
to treat hypogonadal men and has an overall profile
consistent with the class of available TRT products
but there exists the potential that oral TU may in-
crease systolic BP in some men. The validated dosing
and dose adjustment schedule for oral TU should en-
able treated men to achieve a consistent mean daily
T response in the mid-eugonadal range. Oral TU
administration is convenient and twice-daily dosing
with food (i.e., with breakfast and dinner containing
a typical amount of fat) is a simple regimen that may
enhance adherence over transdermal and injectable T
products that dominate use among hypogonadal men
but are associated with pain of administration (in-
jected T-esters) or with transfer of T to women and
children.
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