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Abstract

Background: A novel formulation of oral testosterone undecanoate (TU) was studied in a long-
and short-term phase Ill trial to evaluate safety and efficacy.

Methods: Hypogonadal men (age 18-65years; two morning serum testosterone (T) <300 ng/
dl with signs/symptoms) were recruited into a 365 day (trial I} or 105 day (trial Il}, randomized,
multicenter trial. Patients were randomized 1:1 to oral TU (n=161) or T-gel (n=160) in trial

[, and 3:1 to oral TU, twice daily (BID) JATENZO® (n=166) or a topical T product [Axiron®
(n=56]]in trial Il. Dose adjustments were based on average T concentrations (Cavg). Efficacy
was assessed based on T levels, body composition and bone density. Safety was assessed by
standard clinical measures.

Results: Oral TU efficacy (% of patients with eugonadal T Cavg) was 84% (serum

Cavg=628 = 343ng/dl) and 87% (serum T equivalent Cavg =~ 489 = 155ng/dl) in trials | and I,
respectively. Oral TU significantly (p <0.0001) improved all Psychosexual Daily Questionnaire
parameters in trials | and Il. In trial I, lean mass increased 3.2 £ 2.7kg and fat decreased by
2.4 +3.6kg (both p<0.0001) and bone density improved in hip (+0.012 +0.0225g/cm?) and
spine (+0.018 = 0.0422 g/cm?) after 365days (both p<0.0001). Oral TU-associated adverse
effects were consistent with other T-replacement therapies but oral TU patients experienced
a greater number of mild gastrointestinal adverse effects. Oral TU subjects in both studies
exhibited an increase in mean systolic blood pressure of about 3-5mmHg. Oral TU was not
associated with liver toxicity nor did it cause an elevation in high-sensitivity C-reactive protein
or lipoprotein-associated phospholipase A, (cardiovascular safety biomarkers) after 365 days
of therapy.

Conclusion: A new oral TU formulation was safe and effective and represents a significant
therapeutic advance for the treatment of appropriate hypogonadal men.
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Introduction

Testosterone (T)-replacement therapy (TRT)
has evolved over time to provide healthcare pro-
viders and their hypogonadal patients with
numerous treatment options. Beginning with
early use of implanted T-pellets to injectable
T-esters to oral methyltestosterone to a first-gen-
eration oral T-undecanoate (TU) product to
scrotal and non-scrotal T patches and then to
topical T-gels, the number of TRT choices

continues to evolve.! More recent additions to
the TRT armamentarium include a buccal patch,
a long-acting T-undecanoate injection (intra-
muscular) product, a short-acting T-enanthate
injection (e.g. 7 days; subcutaneous) and a nasal
T-gel. Each of these delivery routes are associ-
ated with well-known drawbacks, including pain
of injection, dermal irritation, T transference and
potentially serious liver toxicity (e.g. oral methyl-
testosterone). In addition, dose adjustment to
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Figure 1. Pictorial representation of TU lymphatic absorption after oral delivery in SEDDS formulation.
SEDDS, self-emulsifying drug delivery system; TU, testosterone undecanoate.

individualize patient response to these TRT meth-
ods can be challenging. Missing from the health-
care professional’s stable of TRT products is an
oral T formulation that meets the current rigorous
regulatory standards for safety and efficacy.

Historically, efforts to administer oral T have
taken two primary paths: alkylation of T at the
C-17 position to create T analogs that are resist-
ant to first-pass hepatic metabolism (exemplified
by methyltestosterone);2 or fatty-acid esterifica-
tion of T to create a T-ester (exemplified by TU)
that is absorbed wia the intestinal lymphatic sys-
tem thus bypassing the portal circulation.? Oral
methyltestosterone, originally discovered and
used clinically in the mid-1930s,! is the only oral
TRT ever approved for use in the US, but has
been associated with serious hepatotoxicity such
as cholestasis, peliosis hepatis, and hepatic adeno-
carcinoma** and therefore is not recommended
for clinical management of male hypogonadism.
Conversely, while oral TU has not been associ-
ated with liver toxicity, an early oral TU formula-
tion approved for use in many countries but never
in the US (Andriol®) was highly influenced by
dietary fat, thus leading to significant intra- and
inter-patient variability in T response and ques-
tionable clinical utility.”8 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® and therefore would not pass current-day
regulatory scrutiny for efficacy. Consequently,
these oral TU formulations have never been
widely used to treat T deficiency although they
remain available in many countries.

To address the absence of an oral TRT product
that meets current-day regulatory requirements
for efficacy and safety, TU was formulated in a
unique self-emulsifying drug delivery system
(SEDDS) that was initially evaluated in short-
term clinical studies.® SEDDS formulations com-
bine hydrophilic and lipophilic excipients that
enable the solubilization of highly lipophilic mol-
ecules like TU in the gut so that they may be
absorbed after oral ingestion with a typical meal
(no high-fat content required).!® As depicted in
Figure 1, absorption of oral TU occurs almost
exclusively (>97%) wvia the intestinal lymphatic
system, thereby bypassing the liver.3-11 Once in the
circulation, endogenous non-specific esterases
cleave T from the parent TU pro-drug. Each
undecanoic (U) acid molecule (a straight-chain
C-11 fatty acid) is metabolized by beta-oxidation
to yield several molecules of acetyl-coenzyme-A
and a single molecule of propionyl-coenzyme A.
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An unexpected finding during development of this
new oral TU formulation was the degree of enzy-
matic cleavage of T from TU that can occur dur-
ing blood-sample handling. This can lead to T
assay values that do not reflect the actual circulat-
ing T concentrations; that is, they are artefactually
high.12:13 Therefore, to determine efficacy based
on the most accurate T concentrations in blood
after oral TU, post-collection conversion of TU to
T was minimized in men dosed with oral TU in
the pivotal clinical trial described herein by assay-
ing for T in plasma derived from blood collected
into NaF-EDTA (sodium fluoride-ethylenedia-
minetetraacetic acid) tubes that were held on ice
prior to centrifugation (a process that halts essen-
tially all TU to T conversion). Additional studies
(not detailed herein) were conducted to derive a
correction that enabled the conversion of the aver-
age T concentration (Cavg) values attained from
NaF-EDTA plasma into approximately equiva-
lent serum T concentrations [In essence (due
largely to a matrix effect), LC/MS-MS assay of T
in NaF-EDTA plasma from men treated with oral
TU vyields a T value that is roughly 20% lower
than a matched serum T value].

This was important for two reasons. First, real-
world clinical monitoring of T is based on serum
T measurements. Second, it was necessary to
adapt the dose-titration algorithm utilized in the
pivotal trial of JATENZO (where T was assayed
in NaF-EDTA plasma) for use with a single
serum sample derived from blood collected into a
standard plain collection tube (i.e. without added
chemicals).

The present article summarizes two phase III clini-
cal trials conducted to demonstrate long- and
short-term safety and efficacy of a new oral TU for-
mulation (JATENZO®) studies CLAR-09007, trial
I [ClinicalTrials.gov identifier: NCT01403116]
and CLAR-15012, trial IT [ClinicalTrials.gov iden-
tifier: NCT00272278]. The primary difference
between these studies was the starting oral TU dose
and subsequent dose-titration algorithm employed
to maximize the percentage of patients who
achieved T Cavg within the eugonadal range with-
out unacceptable peak T concentrations (Cmax).
Additionally, in trial II, we evaluated T responses
based on T concentrations in NaF-EDTA plasma,
while serum T measurements were used in trial I
that, in retrospect, yielded T concentrations that
were artefactually elevated (by approximately 20%)
due to post-collection of TU to T during blood-
sample processing.!213

Materials and methods

The phase III clinical trials detailed herein were
approved by a central or site-specific institutional
review boards before study initiation at each clini-
cal site and were conducted in accordance with
the Declaration of Helsinki and/or all relevant
federal regulations, including good clinical prac-
tice guidelines. Written informed consent was
obtained from trial participants before any study-
related procedures were conducted.

Patient populations

Eligible patients were men aged 18-65 years, body
mass index <38kg/m?, with hypogonadism as
defined by verified low morning serum total
T <300ng/dl (blood samples collected between
0600 h and 1000 h on 2 separate days approxi-
mately 7 days apart) and a history of signs and/or
symptoms consistent with hypogonadism. Patients
were naive to androgen-replacement therapy or
had an adequate washout of previous androgen-
replacement therapies. Patients were excluded if
they had significant uncontrolled intercurrent dis-
ease of any type, hematocrit (Hct) <35% or
>48%, history of polycythemia, untreated, severe
obstructive sleep apnea, abnormal digital rectal
exam, prostate-specific antigen (PSA) >4.0ng/
ml, International Prostate Symptom Score >19 or
history of prostate cancer. Prohibited medications
included those that could affect T levels, T metab-
olism, or levels of T metabolites (e.g. antiandro-
gens, 5-alpha-reductase inhibitors, estrogens,
long-acting opioid analgesics, or human growth
hormone), as well as nutritional supplements that
could possibly increase serum T (e.g. androstene-
dione or dehydroepiandrosterone).

Primary and secondary efficacy parameters

The primary efficacy variable for each study was
the proportion of oral TU-treated patients who
achieved a 24-h T Cavg in the eugonadal range (as
defined for each study based on assay of T in
serum or NaF-EDTA plasma) after two opportu-
nities for dose adjustment. In both studies, serial
blood samples were drawn at approximately
—30min and 0, 2, 4, 6, 8, and 12-h after the morn-
ing and evening oral TU doses for assay of T.
Current US regulatory (i.e. US Food and Drug
Administration, FDA) standards dictate that at
least 75% of patients must achieve this mark with
a 95% lower confidence interval (CI) of =65%.
Secondary efficacy was based on the proportion of
patients whose Cmax aligned with the following
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Table 1. Key design features of phase Ill studies.

Design feature

Trial |
(CLAR-09007)

Trial ll
(CLAR-15012)®

Patient population

Starting dose of oral TU

Number of possible dose titration steps
Time of dosing relative to a.m. and p.m. meal
Topical T control group

Randomization ratio (oral TU: control)
Subjects dosed with oral TU (n)

T measured for dose titration

Primary efficacy parameter

Hypogonadal men
(age 18-75years)

316mg BID

Tor2

<30min after start of mealc
AndroGel® 1%

1:1

161

Single sample (C,_)¢

Proportion of oral TU
group with Cavg in serum T

Hypogonadal men
(age 18-65years)

237mg BID

2

Immediately before meal¢
Axiron®

3:1

166

Multiple PK samples®

Proportion of oral TU
group with Cavg in NaF-EDTA plasma T

eugonadal range (300-1000ng/dl]  eugonadal range (252-907 ng/dl)

Primary oral TU T endpoint Cavg Cavg

Secondary T Cmax endpoint? Yes Yes

Psychosexual Daily Questionnairef No Yes

Safety labs (hematology; chemistry) Yes Yes

LC/MS-MS assay of T Yes (serum) Yes (NaF-EDTA plasmal)
Body composition and BMD (DEXA) Yes No

ClinicalTrials.gov identifier NCT01403116 NCT0272278

aPercentage of subjects with testosterone Cmax < 1500 ng/dl, 1800-2500 ng/dl, and >2500 ng/dL.

bPivotal trial on which efficacy was based for FDA approval.

cMeals contained typical fat content and were not required to be ‘high fat" meals.

4Blood sample taken 4-6 h after morning oral TU dose.

eT Cavg calculated on basis of 12 h area under the curve; these data plus concordance analyses were used to determine best single-sample
timepoint after morning oral TU dose to guide real-world dose-adjustment decisions.

fThe PDQ'* 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 study). Each domain of the PDQ (sexual desire, enjoyment and performance, mood, and sexual
activity score] was evaluated.

a.m., morning; BID, twice daily; BMD, bone mineral density; DEXA, dual-emission X-ray absorptiometry; Cavg, time-weighted average
concentration; Cmax, maximum observed concentration; FDA, US Food and Drug Administration; LC/MS-MS, liquid chromatography-tandem mass
spectrometry; NaF-EDTA, sodium fluoride-ethylenediaminetetraacetic acid; PDQ, Psychosexual Daily Questionnaire; p.m., evening; T, testosterone;
TU, testosterone undecanoate.

FDA targets: =85% with Cmax<1500ng/dl; in Table 1. A topical T control group [i.e. T-gel
<5% with Cmax between 1800 and 2500ng/dl; (AndroGel® 1%) or T-solution (Axiron®)] served
and no patients with Cmax >2500ng/dl. as a positive control arm for comparative safety

assessments in trials I and II, respectively. However,

oral TU efficacy was evaluated independent of that
Study design features observed with topical T. In each study, participants
Both studies were open-label, randomized trials of in both treatment groups were provided up to two
an oral SEDDS formulation of TU [JATENZO®; opportunities for adjustment of their T dose based
TU capsules]. Key design features are summarized on individual responses to oral TU (per protocol)
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or topical T (per product labeling instructions). In
general, a patient’s serum/plasma T Cavg was com-
pared with pre-specified values that would trigger
no change in oral TU or topical T dose or an up or
down adjustment per protocol. The dose-adjust-
ment algorithm for trial I was based on earlier phase
II studies of oral TU, whereas the dose-adjustment
paradigm for trial IT was based on simulation and
modeling of serum pharmacokinetic (PK) data
from trial I and another clinical trial of oral TU,
namely CLAR-12011 [ClinicalTrials.gov identi-
fier: NCTO01765179]. Each study assessed the
impact of oral TU therapy on various patient-
reported outcomes [e.g. Psychosexual Daily
Questionnaire (PDQ)]'4 and, in the long-term trial
CLAR-09007, the effect of oral TU on body com-
position and bone mineral density parameters as
measured by dual-emission X-ray absorptiometry.

Safety measures included physical examination,
vital signs, fasting clinical laboratory analysis
(hematology, chemistry, urinalysis), cardiovascu-
lar (CV) biomarker monitoring [high-sensitivity
C-reactive protein (hs-CRP),15:16 lipoprotein-asso-
ciated phospholipase A, (Lp-PLA,),!” lipoprotein
a (Lp(a)),!® and apolipoprotein Al (Apo-Al)!° in
trial I only; hs-CRP is a strong independent pre-
dictor of CV disease risk and its reduction, for
example, by rosuvastatin in the JUPITER trial
showed a reduction in subjects with normal LDL
(see Ridker er al.'®). Lp-PLA, is an inflammatory
enzyme secreted by macrophages and found in
atherosclerotic plaque. Epidemiological studies
have demonstrated that Lp-PLA, mass or activity
is an independent risk factor for coronary or cere-
brovascular events. Lp(a) is a well-recognized CV
disease risk factor with elevations being associated
with higher CV risk. Apo-Al is the main constitu-
ent of HDLc and is known to drop by some degree
across essentially all TRT regimens], measure-
ment of free T, dihydrotestosterone (DHT), sex-
hormone binding globulin (SHBG); luteinizing
hormone (LH), follicle-stimulating hormone
(FSH); PSA, and the American Urological
Association/International Prostate Symptom Score
(AUA/-PSS). Prostate volume was assessed in
patients enrolled in trial I by transrectal prostate
ultrasound. Cuff blood pressure (BP) was meas-
ured in both studies and 24 h BP and heart-rate
values were acquired every 20 min through ambu-
latory BP monitoring (ABPM; Spacelabs, Inc,
Redmond, WA, US) on the day before the baseline
visit and again, 1-3 days prior to the final PK visit
in the pivotal trial (trial II).

Oral TU dose-adjustment paradigms

About 4 and 8weeks after oral TU therapy was
initiated in each trial, patients could have their
TU dose adjusted based on T Cavg response in
relationship to prespecified T ranges that would
guide any change and the magnitude of that
change. In general, dose adjustments ranged from
about = 20-30% of the prior oral TU dose based
on the oral TU capsule strengths available for
each study. In trial II, 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 to guide
dosing in real-world clinical settings where T
response to TRT is determined from a single
blood sample. First, extensive simulation
(n=1000 simulated patient runs) and modeling
of PK data was used to identify a discrete blood
sampling range (e.g. 4-6h after oral TU) that
would consistently yield a T value in close agree-
ment with the actual T Cavg based on serial PK
samples. Second, concordance analysis was per-
formed to identify the best post-dose T assay
timepoint to guide any necessary dose adjustment
in oral TU patients. Concordance is defined
herein to describe the extent of agreement
between a decision to adjust the oral TU dose (up
or down) when a single circulating T concentra-
tion remains within the hypogonadal range [i.e.
<252ng/dl (9nmol/l) for this study] or supra-
physiological range [i.e. >907 ng/dl (31 nmol/l)]
and the desired outcome of that decision (i.e. a
circulating T level in the eugonadal range) is
achieved.

Statistical methods

The proportion of oral TU-treated subjects whose
24 h total testosterone Cavg at the final PK visit
(about days 90 and 105 in trials I and II, respec-
tively) was in the eugonadal T range was calcu-
lated for all patients. In trial I, missing PK data
were not imputed from earlier values, while in
trial II, patients who dropped out prior to their
final PK visit due to a possible treatment-related
cause (such as an adverse event) were counted as
treatment failures. Consequently, PK efficacy in
trial II reflects the most conservative case. For
patients in trial II who dropped out for other
causes (e.g. site closure not related to study con-
duct), their testosterone Cavg was imputed using
last observation carried forward (LOCF) meth-
odology. A 95% CI for the proportion was
reported, along with the estimated proportion.
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Table 2. Summary of key oral TU patient demographic and disposition parameters.

Parameter Triall Trial ll
Mean age [years) 54.9+11.1 51.6%9
Mean baseline T (ng/dl) 208.1 +108.4 206.8 +80.7
Mean BMI (kg/m?] 30.0x3.9 31.8x4.2
Median duration of hypogonadism (years) 4.2 4.2

% enrolled patients included in PK efficacy analyses
% patients that completed long-term study phase®

% patients discontinued due to adverse event

% mean compliance on oral TU

90.12 (146/162) 100.0° (166/166)

79.6 (129/162) N/A
4.3 (n=7) 2.4 (n=4)
94.6+17.3 96.6+11.1

aEfficacy population comprised all randomized patients who had sufficient data at day 90 PK visit to calculate serum T

Cavg.

bEfficacy population defined as all patients who had evaluable PK profile to calculate plasma T Cavg at final PK visit.

°Day 365 of oral TU dosing.

BMI, body mass index; Cavg, time-weighted average concentration; N/A, not applicable; PK, pharmacokinetics; T,

testosterone; TU, testosterone undecanoate.

Oral TU was efficacious if this proportion was at
least 0.75 (75%) and the lower bound of the 95%
CI was at least 0.65 (65%). The proportions of
oral TU subjects with testosterone Cmax over
24h at visit 7 that were <1500ng/dl; >1800 and
<2500ng/dl; and >2500ng/dl were calculated.
Similar analyses were conducted for topical T
patients, but statistical comparisons were not
made between groups.

Changes from baseline for the PDQ were sum-
marized by treatment group, and overall for each
subscale score. A 95% CI for the change from
baseline within each treatment group was com-
puted. Change from baseline for other clinical
parameters of interest [body composition and
bone mineral density (BMD)] and the difference
between treatment groups for these endpoints
was compared using an analysis of covariance
(ANCOVA).

Results

Patient characteristics and disposition

Table 2 summarizes key patient characteristics
and disposition parameters. Notable is that in
both studies, at least 90% of enrolled subjects
were included in the primary efficacy analyses. In
addition, few patients discontinued due to adverse
events and these typically were not a result of T

therapy. Mean compliance on oral TU therapy in
both studies was =95%.

Primary and secondary efficacy and

testosterone time-concentration profile in
response to oral TU

Primary efficacy. The primary efficacy objective
of both studies was to demonstrate that a mean
average T concentration could be achieved in at
least 75% of oral TU patients after one or two
dose adjustments. As shown in Table 3, 83.6%
(trial I) and 87.3% (trial II) of oral TU patients
achieved circulating concentrations of T in the
mid-eugonadal range and efficacy was sustained
to the 12-month timepoint in the long-term study.
Efficacy in the topical T arms of each study were
similar in magnitude [79.0% (trial I) and 87.3%
(trial II)] and not statistically different from oral
TU. The Cavg serumT on days 90 and 365 in trial
I were 628 + 343 and 524 = 215 ng/dl, respectively
[Based on data generated after completion of
CLAR-09007, it became apparent that the most
accurate measure of circulating T for determina-
tion of PK efficacy in men dosed with oral TU
necessitated that post-collection conversion of
TU to T during blood samples processing be
accounted/corrected for (see Ceponis ez al.!? and
Lachance ez al.!3). We now know that the serumT
values in CLAR-09007 overestimated the actual
circulating level of T at the time blood was drawn
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Table 3. Efficacy results for oral TU patients in trials | and Il.

Target T ranges (ng/dl)

% n in each range, over 24 h?

95% confidence interval®

Day 90 trial |

Cavg 300-1000 83.6% (n=122)

Cmax <1500 58.9%
Cmax =1800-2500 13.0%
Cmax >2500 13.7%
Day 365 trial |

Cavg 300-1000 85.0% (n=108)
Day 120 trial Il

Cavg 252-907 87.3% (n=166)

Cmax <1500 90.7%
Cmax =1800-2500 32.0%
Cmax >2500 2.0%¢

76.5%, 89.2%

N/A

81.3%, 92.0%

a0n final PK day after up to two dose-adjustment opportunities. Cavg in eugonadal range must be achieved by =75% of

oral TU patients to satisfy FDA efficacy standard.

bMinimum lower bound of 95% confidence interval must be =65% to satisfy FDA standard.
°n=3 patients; high Cmax occurred only after a.m. oral TU dose at single site. Further investigation indicated probable

sample contamination during sample handling.

a.m., morning; Cavg, time-weighted average concentration; Cmax, maximum observed concentration; FDA, US Food and
Drug Administration; N/A, not applicable; PK, pharmacokinetics; T, testosterone; TU, testosterone undecanoate.

by about 20% on average]. However, these mean
Cavg T were associated with peak T levels at day
90 that were higher than desired (Cmax targets
established by the FDA for the percentage of
patients that fall into these categories at any time-
point in the efficacy trial of TRT: =85% of
patients with Cmax <1500 ng/dl; <5% of patients
with Cmax>1800-2500ng/dl and no patients
with a Cmax >2500ng/dl). In contrast, and repre-
sentative of the refinement in the initial oral TU
dose and associated dose titration algorithm in
trial II (pivotal trial), the mean NaF-EDTA
plasma T Cavg observed was 403 * 128ng/dl
[equivalent to approximately 489 + 155ng/dl in
serum T units; conversion of a T concentration
measured in NaF-EDTA plasma to an approxi-
mate equivalent T concentration measured 6h
after oral TU in serum required multiplying the
NaF-EDTA plasma T concentration by 1.214.
Data from CLAR-15012 indicated that the serum
T concentration at this sample time after oral TU
dosing is a reasonable approximation of Cavg.
The overall correction factor is the product of
three independent factors: 0.999 (to account for

the small amount of overestimation in the NaF-
EDTA containing tube) X 1.043 (to account for
the overestimation of T that would occur in the
plain tube due toTU to T conversion) X 1.166 [to
account for an NaF matrix effect (NaF-EDTA
plasma wversus serum)] on T measurement (see
Ceponis ez al.!?)]. In addition, Cmax frequencies
observed in oral TU subjects in CLAR-15012
were closely aligned with desired targets.

Testosterone time—concentration profiles on the
efficacy determination timepoints for trials I and
II are shown in Figure 2. Both profiles are con-
sistent and indicate peak T levels are achieved
about 4h after oral TU was administered. Mean
peak T concentrations were within the eugonadal
range only in the pivotal trial (trial II).

Single-sample dose-adjustment paradigm for oral
TU. PK modeling and simulation results for cir-
culating T confirmed that dose-titration decisions
based on a single blood sample taken 3-5h or at
4h after the morning oral TU dose was an effec-
tive means to guide dose adjusting to achieve/
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Figure 2. Mean concentration-time profiles for total serum T in patients treated with oral TU at final PK visit
in trial I, and for NaF-EDTA plasma total T in patients treated with oral TU at final PK visit in trial Il.

(a) Mean (+SE) concentration-time profiles for total serum T in patients treated with oral TU at final PK visit (day 90) in trial
I; (b) mean (+SE) concentration-time profiles for NaF-EDTA plasma total T in patients treated with oral TU at final PK visit

(day 90/105) in trial II*.

“Values in graph can be converted to approximate serum T equivalents by multiplying by 1.214. Mean T Cavg in
serum=403 = 128 ng/dl X 1.214 (correction factor) = 489 = 158 ng/dl serum T units. Data published previously.2°
Cavg, average T concentrations; NaF-EDTA, sodium fluoride-ethylenediaminetetraacetic acid; PK, pharmacokinetics;
SE, standard error; T, testosterone; TU, testosterone undecanoate.

maintain T concentrations 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 4h after
the morning dose or a single sample taken any
time between 3h and 5h after oral TU), efficacy
was high, with 95% of patients achieving a Cavg
in the eugonadal range and <5% of patients with
a mean T level below normal. Concordance anal-
yses (data not contained herein) indicate that for
the first and second PK visits, total concordance
was 88% and 93%, respectively, when a single
blood sample for T assay was collected 4h after
the oral TU dose. When total concordance was

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

Secondary efficacy. In trial I, three secondary effi-
cacy parameters were assessed: PDQ (a measure
of psychosexual function), body composition (i.e.
lean and fat mass) and BMD of hip and spine.
Although there was no statistically significant dif-
ference in PDQ responses between the oral TU
groups, oral TU was associated with a statistically
significant improvement from baseline (»p <0.0001)
in all PDQ responses (Figure 3). Similarly, there
were no significant differences between oral TU
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Table 4. PK simulation results evaluating mean T concentration (Cavg) versus time of single-sample collection
[4 (C,) or 3-5 (C,_5) h after oral TU]] as surrogate for true Cavg".

Estimated % of patients with Cavg within target T interval (95% Cl) on final PK visit

<252ng/dl 252-907 ng/dLl >907 ng/dl
Target at final PK visit =75%
Cavg-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 4.6 (1.5-8.7) 94.4 (89.8-98.0) 1.0 (0.0-3.1)
timepoint (C,)
Single draw status sample in C;_s window 4.7 (1.0-10.0) 94.3 (89.0-98.5) 1.0 (0.0-3.0)

“These data were previously published.?

Cys5, T concentration 3-5h after morning dose; C,, T concentration 4 h after morning dose; Cavg, average observed
concentration over 24 h; Cl, confidence interval; Cmax, maximum T concentration; PK, pharmacokinetics; T, testosterone.
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Figure 3. Effect of oral TU on change from baseline in psychosexual function (PDQ) responses over the

4-month treatment period in trial I.

PDQ, Psychosexual Daily Questionnaire; SD, standard deviation; TU, testosterone undecanoate.

and T-gel for spine BMD (p=0.6002) but there
were statistically significant differences between
oral TU and topical T in other parameters, with
the oral TU group having a greater increase in
hip bone density (p=0.0019) and lean mass
(p<0.0001), and greater loss of fat mass
(»p=0.0056) compared with T-gel. These differ-
ences were not only statistically significant, but
clinically meaningful. During the course of the

study, lean mass increased by amean of3.16 = 2.70
kg from baseline, and fat mass decreased by
2.40 = 3.64 kg at day 365 (Figure 4), both signifi-
cant with a p<<0.0001.

Consistent with the findings observed in the long-
term study, patients in study trial IT also exhibited
statistically significant improvements from base-
line (p<<0.0001) in all PDQ parameters shown in
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Figure 4. Effect of 6- and 12-month oral TU therapy on mean (] changes from baseline in lean body mass

and fat mass in trial I.
TU, testosterone undecanoate.

Table 5. Incidence of treatment-emergent adverse events related to long-term oral TU and T-gel therapy in

study trial I.

Adverse event Oral TU

T-gel

Elevated hematocrit

6.8% (11/161)

Peripheral edema 5.5% (9/161)

Diarrhea 3.1% (5/161)

Eructation (burping) 2.5% (4/161)

Hypertension 3.7% (6/161)

Acne 0.6% (1/161)

Gynecomastia 0.6% (1/161)

5.6% (9/161)
2.5% (4/161)

Enlarged prostate

Elevated PSA

3.1% (5/160)
1.3% (2/160)
0% (0/160)
0% (0/160)
6.9% (11/160)
2.5% (4/160)
0.6% (1/160)

1.9% (3/160)
4.6% (7/160)

PSA, prostate-specific antigen; TU, testosterone undecanoate.

Figure 3. Difference in PDQ response between
treatment groups was not significant.

Safety: long-term study (trial ). No deaths
occurred in response to daily oral TU exposure
for 365 days. Two subjects in the oral TU group
experienced an acute myocardial infarction; one
in the setting of hospitalization for pneumonia.
Neither event was considered to be causally
related to oral TU in light of their respective car-
diovascular (CV) disease histories. Treatment-
emergent adverse events (TEAEs) considered by

study investigators to be likely related to oral TU
and T-gel exposure are summarized in Table 5.
Not surprisingly, there was a higher incidence of
gastrointestinal (GI) side effects associated with
oral TU than topical T-gel. However, these GI
effects were mild in nature and did not result in
discontinuation of oral TU. Other adverse events
are typical of TRT and to the extent the incidence
was higher in the oral TU wversus T-gel group
reflected differences in delivery route or T expo-
sure (T Cavg in oral TU group was significantly
greater than in the T-gel arm).
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The mean baseline hematocrit for oral TU
patients was 44.1 £2.5%, and absolute changes
after 4 and 12 months of treatment with oral TU
were +2.1 +3.4% and +2.9 + 3.9%, respectively,
with both of these being statistically greater
(p<0.0001) than the increased observed in T-gel
patients. Liver function was assessed by measure-
ment of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), total bilirubin,
and alkaline phosphatase. No clinically significant
changes in these parameters were observed in oral
TU or T-gel patients over the 12-month course of
the study, although a single patient in the oral TU
group experienced two transient episodes of ele-
vated ALT and AST that were two to three times
the upper normal limit. During this period, biliru-
bin concentrations remained normal. At day 90,
high-density lipoprotein cholesterol (HDLc)
decreased more in the oral TU group (median
decrease of 23.5%) compared with a decrease of
12.5% in the T-gel arm. A similar significant dif-
ference (p <0.0001) between groups was observed
at day 365. No clinically significant changes over
time (i.e. >5%) in oral TU patients or differences
between groups was observed for low-density
lipoprotein cholesterol (LDLc) or triglycerides.
The effect of oral TU and T-gel on estradiol,
FSH, and LH were similar. In contrast, mean
free T concentrations increased from mean base-
line values of 3.07 = 1.85ng/dl (oral TU) and
3.21 = 1.88ng/dl (T-gel) to values that were sig-
nificantly higher in oral TU patients compared
with T-gel patients at day 90 [13.37 = 7.89ng/dl
(oral TU); 7.91 £ 4.68ng/dl (T-gel)] and at day
365[12.42 +5.81ng/dl (oral TU);7.62 = 3.91 ng/
dl (T-gel)]. This difference reflected a signifi-
cantly greater reduction in mean SHBG in oral
TU patients (—48%; days 90 and 365) compared
with those treated with T-gel (=10%; days 90
and 365).

Prostate safety. We assessed prostate volume, PSA,
and change in AUA/I-PSS category classification
over the course of the study. Mean baseline prostate
volume for oral TU was 29.3 *+ 14.20 cc which was
similar to the transdermal T-gel group mean base-
line prostate volume of 30.7 £25.52cc. Mean
increase from baseline on day 365 was similar
between oral TU and T-gel (2.97£9.83cc and
1.81 £26.40cc, respectively) and not significantly
different (p=0.6664). At day 365, the absolute
median increase for oral TU subjects was 0.150ng/
ml compared with the T-gel group increase of
0.100ng/ml. These values were well below the clini-
cally meaningful change of >1.4ng/ml, within the

normal range and not significantly different
(»p=0.1193). Lastly, oral TU treatment did not
change the AUA/I-PSS category classification, nor
did it have a substantial effect on the score. Mean
decrease in score from baseline at day 90 was similar
between oral TU and T-gel (0.1 =3.9 and 0.4 = 3.6,
respectively), a finding that held consistent to day
365. Differences between the oral TU and T-gel
group were not statistically significant (p=0.3565).

Cardiovascular biomarkers: hs-CRP, Lp-PLA,,
Lpla] and Apo-A1. The impact of oral TU therapy
on CV biomarkers is summarized in Table 6. For
simplicity, only baseline and day 365 data are
included in this table although all biomarkers
were also measured on days 90 and 180. Statisti-
cal analyses compared the absolute change in
baseline over time between treatment groups
using a repeated-measures analysis of variance.
No statistically significant difference was observed
for hs-CRP [with or without exclusion of values
>10mg/l (indicative of acute infection)] or Lp-
PLA,. There was a statistically significant differ-
ence in Lp(a) response in favor or oral TU [i.e.
reduced mean Lp(a) versus small increase in T-gel
group]. Conversely, there was a significantly
greater reduction in mean Apo-Al levels in oral
TU-treated patients at day 365 (—18%) com-
pared with the T-gel group (—6%) over the course
of the study. Changes in Apo-Al paralleled those
observed in HDLc and were expected, since Apo-
Al is the main constituent of HDLc.

Finally, mean systolic BP increased slightly over
the course of the study in both treatment groups,
such that by day 365, the mean increase from
baseline was about 5mmHg and 3mmHg in
patients who received oral TU or T-gel, respec-
tively. Heart rates in both groups increased about
one beat per minute over the study.

Safety: trial Il. No deaths occurred during the
study, and there were no drug-related serious
adverse events. The overall incidence of TEAEs
considered related to study drug occurred in
18.7% of patients in the oral TU group and in
14.5% of the topical T group (Table 7). The pro-
portion of patients who prematurely discontinued
from the study due to adverse events was 1.8% in
each treatment group.

The TEAEs which occurred more frequently in
oral TU patients than in the topical T group were
increased hematocrit, hypertension, and decreased
HDILc, reported in between 3% and 5% of
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Table 6. Effects of long-term oral TU therapy on CV biomarkers' in trial I.

Biomarker Oral TU T-gel p-value?

hs-CRP2, mg/l 0.3837

Baseline 1.7+1.6 (n=153) 2.2+2.0(n=146)

Day 365 2.1+2.0(n=117) 1.9+ 1.6 (n=124)

Lp-PLA,, ng/ml 0.4489

Baseline 320.1+81.4 (n=161) 312.6+85.7 (n1=159)

Day 365 284.1+73.7 (n=125) 275.2+77.1 (n=132)

Lipoprotein(a), mg/dl p<0.0001 (in favor of oral TU)
Baseline 18.3+22.2 (n=161) 20.3+23.0 (n=157)

Day 365 15.0+19.2 (n=123) 21.0 +23.5 (n=130)

Apolipoprotein A1, mg/dl p<0.0001 (in favor of T-gel)
Baseline 149.4+27.6 (n=161) 149.9 +30.1 (n=159)

Day 365 122.9 + 24.6 (n=125) 139.7 +29.1 (n=132)

"For simplicity, only baseline and day 365 data shown. Biomarkers also assessed on days 90 and 180.

2Analysis after excluding all values >10mg/L. Note: analysis with all values did not affect outcome (p=0.2781).

3Comparison of absolute change from baseline between treatment groups based on repeated (over all assay times) measures ANOVA model.
ANOVA, analysis of variance; CV, cardiovascular; hs-CRP, high-sensitivity C-reactive protein; Lp-PLA,, lipoprotein-associated phospholipase A,; TU,
testosterone undecanoate.

Table 7. Treatment-emergent adverse events (TEAEs) considered related to T therapy in trial Il.

Preferred term Oral TU Topical T
(n=166) (n=55)

TEAE occurring in >2% of patients n=78 (47.0%) n=20 (36.4%)

Headache 8 (4.8) 1(1.8)

Hematocrit increased 8 (4.8) 0

Hypertension 5(3.0) 0

High-density lipoprotein decreased 5(3.0) 0

Nausea 4(2.4) 0

Rash 2(1.2) 2 (3.6)

T, testosterone; TU, testosterone undecanoate.

patients. Each of these events was reported as were not related to TU dose nor to T Cavg or
mild or moderate in intensity, and none resulted Cmax.

in premature discontinuation from the study.

Decreased HDLc events occurred at the higher As expected, based on the pharmacological actions
oral TU doses (316 mg and 396 mg BID), whereas of T, mean increases from baseline in hematocrit
events of increased hematocrit and hypertension were observed in both treatment groups at each

12 journals.sagepub.com/home/tau


https://journals.sagepub.com/home/tau

RS Swerdloff and RE Dudley

study visit but remained within the normal range
in most men (97% oral TU; 100% topical T).
Shifts from normal hematocrit 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 were observed in either treatment group.
Two patients on oral TU experienced an inexpli-
cable and transient elevation in ALT and AST to
levels more than twice the and upper normal limit
(UNL). Bilirubin levels remained normal in these
patients. A third patient experienced a transient
increase of AST (also more than twice UNL) dur-
ing the study. Changes in lipid profiles were more
pronounced among oral TU patients compared
with topical T patients. Shifts from normal base-
line to below the normal range for HDLc were
observed in 28.9% of oral TU patients compared
with 14.8% of topical T patients at the final visit;
small and clinically insignificant reductions in
LDLc were observed in both oral TU and topical
T patients; there was no statistically significant
difference in LDLc response between groups.

Clinic systolic BP increased from baseline to the
end of the study (final visit) in both treatment
groups [mean = standard deviation (SD): oral
TU, 2.8 £11.8mm Hg; topical T, 1.8 £ 10.8 mm
Hg], whereas diastolic blood pressure was essen-
tially unchanged at the final visit for both groups.
Measurement of BP with ABPM yielded greater
mean increases from baseline to end of study
(approximately 2days prior to final PK visit) in
average daytime (p <0.01), night-time (p <0.01),
and 24 h (p<<0.002) systolic BP for the oral TU
group than for the topical T group. The 24 h
average systolic BP increased 4.9 = 8.7mm Hg in
the oral TU group and 0.2 +9.4mm Hg in the
topical T group (p=0.0013). Among the oral TU
patients, increases in systolic BP were slightly
greater in patients with a history of hypertension
who were receiving antihypertensive medication
(mean = SD: 5.5+ 8.9mm Hg) compared with
those with no history of hypertension (mean = SD:
4.3+ 8.6mm Hg). There were no discontinua-
tions of oral TU due to hypertension; 5.9% of
oral TU patients initiated antihypertensive medi-
cation or required a dose increase of existing ther-
apy. The 24 h average heart rate in the oral
TU-treated group increased by two beats per
minute, while in the topical T-treated group,
heart rate was unchanged from baseline. The

changes in heart rate were not statistically signifi-
cant in either treatment group.

Discussion

The new oral TU formulation evaluated in this
study becomes the first oral T-ester pro-drug
approved by US regulatory authorities, and only
the second oral androgen approved for TRT use
in the US, the last being methyltestosterone over
60years ago. While both trials described herein
achieved primary efficacy, only trial II achieved
both efficacy endpoints relative to average and
peak T response. This reflects a more refined
dose-titration algorithm in the pivotal versus long-
term trial. We have demonstrated by two differ-
ent but related analyses that a single blood sample
can be collected about 4—-6h after the morning
oral TU dose to assess the approximate average
concentration of T over the dosing interval to reli-
ably guide dose adjustments. In addition, con-
cordance analyses revealed that the dose-titration
algorithm employed in trial II resulted in correct
clinical outcome decisions (i.e. patients achieved
eugonadal T concentrations) >95% of the time.
This not only validates the method used to adjust
dose but should provide clinicians using this new
oral TU formulation confidence that they can
effectively tailor the oral TU dose for each patient.
We know of no other TRT product (oral or non-
oral) for which this type of concordance analysis
has been conducted.

The overall safety profile of oral TU was similar
in both studies and reflected the well-recognized
adverse-effect profile of T therapy as a class (e.g.
decreased HDLc, increased hematocrit). A minor
exception to this was the occurrence of a greater
number of Gl-associated side effects in oral TU
patients (e.g. nausea, diarrhea, burping) com-
pared with topical T, but these were transient,
minor in severity and did not result in patients
discontinuing oral TU. Of particular importance
is the fact that oral TU was not associated with
liver toxicity in either the long- or short-term
study, a sharp contrast to methyltestosterone that
has been historically associated with potentially
serious hepatoxicity.

Oral TU was associated with a small but statisti-
cally significant increase in systolic BP versus the
topical T. This observation indicates the need for
regular monitoring of BP in men receiving TRT,
particularly in those with existing hypertension.
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The observed increase in systolic BP in some oral
TU patients is consistent with effects reported
for a new parenteral (subcutaneous) form of
T-enanthate now marketed in the US,2! an older
formulation of TU available outside the US
(Andriol®;22) and an oral TU product in late-
stage clinical development [ClinicalTrials.gov
identifier: NCT No. 03868059].23 These findings
indicate that the increase in BP may be a
T-mediated effect and not one necessarily unique
to TU or a particular route of TRT delivery.
Furthermore, older studies of TRT have not
looked closely nor used sensitive measurements
of BP (e.g. with ABPM) that regulatory authori-
ties now view as important for current-day evalu-
ation of TRT safety. In an effort to determine the
etiology of elevated BP in oral TU patients, we
explored the potential relationship between rise in
BP with numerous other factors (data not
included herein), including: oral TU dose; total
and free T; estradiol and DHT concentrations;
and changes in hematocrit, hemoglobin (as a sur-
rogate for viscosity and increase in plasma vol-
ume), potassium (as a surrogate of possible
increases in mineralocorticoid levels/activity),
and heart rate (as a surrogate of increases in beta-
adrenergic receptor activity). None of these fac-
tors correlated with elevation in systolic BP. TRT
is known to promote sodium and fluid reten-
tion,?* 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
monitoring of men who are receiving oral TU. In
addition, men treated with oral TU who have
controlled hypertension should be monitored for
potential increases in BP that would warrant
changes to their hypertension treatment, includ-
ing cessation of oral TU.

In contrast to the potential CV risk associated
with elevated BP in patients treated with oral TU,
we did not observe changes in other well-recog-
nized CV risk biomarkers, namely, hs-CRP, Lp-
PLA,, and Lp(a). And while we did observe a
reduction in HDLc, this is a well-known effect of
androgen therapy regardless of route of adminis-
tration and thus oral TU therapy is not unique in
producing this effect. Moreover, HDLc biology is
complicated and data now suggest that its protec-
tive role in CV disease may be less important than
the CV risk posed by increases in other lipid frac-
tions, namely, LDLc and triglycerides.?5-2¢ Thus,
of greater clinical importance than reduced HDLc
concentrations in oral TU patients was the lack of

clinically meaningful changes in LDLc and tri-
glyceride levels, since significant elevations in
these lipid fractions (particularly LDIL.c) are une-
quivocal risk factors for CV disease.?7-28

In conclusion, the new oral TU formulation
described herein is a safe and effective means to
treat hypogonadal men and has an overall profile
consistent with the class of available TRT prod-
ucts. As such, this product represents a significant
therapeutic advance for the treatment of appro-
priate hypogonadal men, particularly those in the
US where, until now, an oral T treatment option
was essentially unavailable. Oral TU administra-
tion is convenient, and twice-daily dosing with
food (i.e. with breakfast and dinner and without
the need for a high fat content) is a simple regi-
men that should promote better patient adher-
ence over transdermal and injectable T products
that dominate use among hypogonadal men but
are associated with pain of administration
(injected T-esters) or with transfer of T to women
and children.
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