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Abstract

This randomized, open‐label, multiple‐dose three‐way cross‐over study compared the pharmacokinetics of a new
testosterone gel formulation in two strengths, testosterone gel 1% and testosterone gel 2% (FE 999303), with Testogel1

in 11 testosterone‐suppressed healthy men. Subjects received one of six treatment sequences; 50mg of testosterone was
administered once daily for 7 consecutive days, with different treatments separated by washout‐periods of 6–9 days.
Testosterone gel 1% and testosterone gel 2% displayed greater relative bioavailability (2.6‐ and 1.6‐fold, respectively) than
Testogel on Day 1, which persisted, to a smaller extent, on Day 7. Initial absorption was highest and most rapid for
testosterone gel 1% and 2%, showing apparent first‐order absorption kinetics. Maximum serum concentrations (Cmax)
were 6.25 and 2.97 ng/mL, respectively, occurring�5–6 hours post‐application on Day 1 versus Cmax of 1.71 ng/mL after
�24 hours with Testogel, showing apparent zero‐order absorption kinetics. Similar differences were observed on Day 7.
All treatments appeared to reach approximately the same steady‐state level within the first 24 hours. No application‐site
skin reactions occurred with any preparation. In conclusion, the new testosterone formulation showed higher
bioavailability, and the ability to deliver more testosterone in a smaller volume.
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Male hypogonadism is a clinical syndrome characterized

by testosterone levels below the normal range (<3 ng/

mL) and associated with symptoms1 such as low libido,
erectile dysfunction, increased body fat and decreased

muscle mass, reduced bone mineral density, and

depressed mood.2 Testosterone supplementation aims
to restore serum testosterone to the normal physiological

range and has been used in a vast number of men for

several decades since the market introduction of
testosterone formulations for male hypogonadism. Tes-

tosterone supplementation has been associated with a

range of benefits in hypogonadal men including improve-
ments in sexual function, bone mineral density, and body

composition.2–4

The bioavailability of oral testosterone is low due to
poor absorption, rapid metabolism, and inactivation by

the liver.5 Transdermal testosterone delivery allows

absorption directly into the systemic circulation at a
controlled rate, and while a range of testosterone

formulations are available, the most commonly used

formulations are testosterone gels, the advantages of
which include a generally good tolerability profile, ease

of use, and dose flexibility.1,6–8 However, the bioavail-

ability of current gels is usually low and the administered

gel volumes are large, which can cause inconvenience to
patients. There is also the potential risk of transfer to a

partner or child via skin contact with the application site9–11

which can cause clinical virilisation.12 Thus, there is a
great need for better testosterone gels with higher

transdermal bioavailability and lower gel volume per

dose.
Two concentrations of a new testosterone gel

formulation, testosterone gel 1% and testosterone gel
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2% (FE 999303) have been developed with the aim of
achieving rapid transdermal absorption and improved

testosterone bioavailability.13 Increased bioavailability

could allow administration of a lower dose and/or smaller
volume, reducing the potential for interpersonal transfer

of unabsorbed gel. This new testosterone gel utilizes a

transdermal delivery system based on the Advanced
Transdermal DeliveryTM (ATDTM) gel technology,

which has been developed to provide enhanced passive

skin permeation.14 ATDTM technology utilizes a combi-
nation of solvents and permeation enhancers that

facilitate the rapid passage of active agents across the

skin and the new testosterone gel formulation has shown
promising in vitro results regarding skin penetration of

testosterone.13

This study investigated the pharmacokinetic profile,
relative bioavailability, and tolerability of the new

testosterone gel 1% and testosterone gel 2% formulations

in comparison with the marketed product Testogel1

(marketed as Androgel1 in the USA) in healthy men.

Methods
Study Design
This randomized, open-label, active control, multiple-

dose three-way cross-over study was conducted in
Germany involving 11 healthymen. All subjects provided

written informed consent prior to any study-related

procedure. This study was performed according to the
Declaration of Helsinki, in compliance with Good

Clinical Practice (GCP), and the protocol was approved

by an Independent Ethics Committee (Ethikkommission
der Ärztekammer Hamburg, Hamburg, Germany).

To minimize interference with pharmacokinetic

assessments, endogenous testosterone production was
suppressed by the gonadotrophin-releasing hormone

receptor agonist, triptorelin. Subjects received an intra-

muscular injection of 3.75mg Decapeptyl1 N 1-month
depot on Day�21, and a second injection on Day 8 in the

first treatment period to maintain testosterone suppres-

sion throughout the duration of the study.
After the 21-day run-in and down-regulation period,

subjects were randomized to one of six treatment

sequences. In each sequence, subjects received daily
administration for 7 consecutive days of either 5 g

testosterone gel 1% (FE 999303; Ferring Galenisches

Labor AG, Allschwill, Switzerland), 2.5 g testosterone
gel 2% (FE 999303; Ferring Galenisches Labor AG), or

5 g Testogel1 (1% testosterone; Laboratories Besins

International [for Bayer Vital Gmbh], Drogenbos,
Belgium). The constituents of the gels are listed in

Table 1. Treatment periods were separated by washout-

periods of 6–9 days. Each dose (equivalent to 50mg
testosterone) was applied to the same area of the dry and

clean abdomen once daily. The gel was evenly spread

over a 1,000 cm2 area, marked with a skin-marker

using a stencil before administration, until completely

absorbed. The application site was allowed to dry before
being covered with clothes and subjects were not

allowed to shower or bathe until at least 6 hours post-

application.

Subjects
Healthy Caucasian men, 18–45 years of age with a body
mass index (BMI) of 18.0–30.0 kg/m2 and body weight of

50–100 kg were eligible for inclusion. Subjects were

physically and mentally healthy, as confirmed by
examinations prior to enrolment. Endogenous testoster-

one level had to be �1 ng/mL on Day �1.

The main exclusion criteria included: skin color
(natural or acquired) that prevented evaluation of changes

in application-site skin color; skin disease that might

affect the absorption of testosterone, or tattoos or scars in
the application area, or prior history of skin irritability

with transdermal testosterone drug products or their

excipients.

Pharmacokinetic Parameters
Individual baseline-corrected pharmacokinetic param-
eters were calculated by non-compartmental analysis

(NCA) using the software WinNonlin1Pro (Pharsight

Corporation, Cary, NC, USA) using individual actual
sampling time points relative to dosing. The baseline

testosterone value was the mean of the values obtained

prior to treatment administration. Serum concentrations
below the lower limit of quantitation (LLQ) and missing

values were excluded from the NCA.

Pharmacokinetic parameters were estimated from
serum concentration–time data for testosterone up to

24 hours after the first administration (Day 1) and up to

48 hours after the last administration (Day 7). Pharmaco-
kinetic parameters calculated were the area under

the concentration–time curve from the first and last

doses (Days 1 and 7) (AUCt), Cmax (maximum serum
concentration), tmax (time to Cmax), and t1/2 (elimination

half-life) after the first and last doses. The areas under

the concentration–time curves were used to calculate the

Table 1. List of Constituents for Testosterone 1% and 2% Gels
and Testogel 1%

Testosterone Gel 1% and 2% Testogel 1%

Ethanol Ethanol
Propylene glycol Testosterone
Diethylene glycol monoethyl ether Carbomer 980
Testosterone Isopropyl myristate
Carbomer 980 Sodium hydroxide
Trolamine
Edetate disodium
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relative bioavailabilities of the testosterone gel 1% and
2% formulations with reference to Testogel.

Assessments
Blood samples for measurement of serum testosterone

were collected immediately prior to and at 2, 4, 6, 8, 12,

and 16 hours after the first treatment administration, pre-
dose on Days 2–6, and pre-dose and at 2, 4, 6, 8, 12, 16, 24,

48 hours after the last administration. Analyses of serum

testosterone and dihydrotestosterone (DHT) were per-
formed by the Department of Bioanalysis at Ferring

Pharmaceuticals, and Scope Life Sciences GmbH, respec-

tively, in Good Laboratory Practice (GLP)-compliant
facilities. The quantification of testosterone and DHT in

human serum was made using validated liquid chromatog-

raphy tandem-mass spectrometry methods. Samples for
testosterone analysis were prepared by supported liquid

extraction from 0.25mL serum using an Isolute SLEþ
400mg 96-well plate, followed by reconstitution in 20%
ethanol in water. After injection of 25mL to a Waters

ACQUITY UPLC BEH C18 1.7mm column, testosterone

was eluted by a 10–100% gradient of methanol/1mM
ammonium bicarbonate, pH 10. The mass spectrometer

(Waters Quattro micro triple quadropole mass spectrome-

ter) was operated with positive electrospray ionization
monitoring the ions m/z 289.2! 96.7� 1.5 for testoster-

one and m/z 292.2! 96.7� 1.5 for the internal standard

[2H3]testosterone. The lower limit of quantification was
100 pg/mL and the upper limit 15,000 pg/mL. The quality

control samples were all within �6% bias, well below the

pre-defined limit�15%, with a back-calculated bias of the
calibration samples (100–15,000 pg/mL) of �2%.

Samples for DHT analysis were prepared by liquid–

liquid tert-butylmethylether extraction from 0.3mL serum
followed by solid-phase extraction on Oasis mElution
plates in methanol. A portion of the eluate was injected

onto the liquid chromatography column using a mobile
phase of 0.05% formic acid, 2mM ammonium acetate and

methanol. The mass spectrometer was operated with

positive electrospray ionization and multiple reaction
monitoring using the transitions m/z 291! 255 for DHT

and m/z 294! 258 for the internal standard (5-alpha-

androstan-17b-ol-3-one-16,16,17-d3). Instrumentation
comprised a Mercury MS Synergi Max-RP column

(2mm, 2mm� 20mm, Phenomenex, Torrance, CA,

USA) with a Micromass Quattro Ultima detector with
electrospray ionization. The calibration range was 0.2–

10 ng/mL and the lower limit of quantification was 0.2 ng/

mL. In addition to the general safety and tolerability
assessments, administration site reactions were specifical-

ly monitored.

Statistical Methods
Statistical analyses included descriptive statistics reflect-

ing the explorative nature of the study. Unless otherwise

stated, all tests were two-sided with the significance level
5%. Missing values were not imputed.

Pharmacokinetic parameters AUCt and Cmax were

compared across treatments using an analysis of variance
(ANOVA) model for the log-transformed values. The

ratio of the pharmacokinetic parameters was estimated

along with 90% confidence limits. As a complement to
the testosterone analyses the same exercises were

performed with DHT.

Results
Study Subjects
Eleven subjects were randomized to one of six treatment
sequences, two to each sequence except for the sequence:

Testogel—testosterone gel 1%—testosterone gel 2%, to

which only one subject was randomized. One subject
withdrew consent during treatment period 2, leaving 10

who completed all three-treatment periods. The 11

randomized subjects were aged 23–45 (mean 36.5) years
with a body weight of 76–100 (mean 86.4) kg and BMI of

23.8–29.5 (mean 26.0) kg/m2. Mean baseline testosterone

values were 0.48, 0.39, and 0.34 ng/mL for the testoster-
one gel 1%, testosterone gel 2%, and Testogel groups,

respectively; for DHT, mean baseline values were 0.020,

0.059, and 0.067 ng/mL, respectively.

Pharmacokinetics
Testosterone absorption was substantially more rapid

with the testosterone gel 1% and 2% formulations

compared with Testogel, with testosterone gel 1%
providing the most rapid absorption (Figure 1). Mean

tmax occurred at similar time points for testosterone gel

1% and 2% formulations, around 5–6 hours after
application, on both Days 1 and 7 (Table 2). In contrast,

after Testogel administration the testosterone concentra-

tion slowly increased to reach the steady-state level
approximately 20 hours after dosing on Day 1, and

without a marked tmax after administration on Day 7

(albeit a maximal value was recorded at approximately
13 hours) (Figure 1). The corresponding Cmax for

testosterone gel 1% and 2% on Day 1 was 6.25 and

2.97 ng/mL, respectively, compared to 1.71 ng/mL for
Testogel (Table 2). The same order of rank, and similar

concentrations, were seen on Day 7, the maximal

testosterone concentrations being 6.67, 3.16, and
2.22 ng/mL for testosterone gel 1%, 2%, and Testogel,

respectively. The ANOVA of baseline-corrected testos-

terone concentrations demonstrated significantly higher
Cmax with the new testosterone gel formulations versus

Testogel on Days 1 and 7 (Table 3).

The mean (geometric) of baseline-corrected AUCt

for testosterone was substantially greater for the

testosterone gel 1% and 2% formulations compared

360 Clinical Pharmacology in Drug Development 3(5)



with Testogel, the testosterone gel 1% formulation
showing the greatest absorption. The ANOVA of

baseline-corrected testosterone concentrations showed

that absorption with testosterone gel 1% and 2% was
significantly higher compared to Testogel (Table 3). The

geometric mean ratios of AUCt versus Testogel (i.e., the

relative bioavailability) on Day 1 were 2.63 (P< 0.001)
and 1.61 (P¼ 0.001) for testosterone gel 1% and 2%

formulations, respectively.

For all three preparations, the pharmacokinetic
profiles after the last administration on Day 7 were

very similar to those after the first administration on Day

1, and similar differences in amount absorbed were

observed between the formulations on Day 7, albeit to a
slightly smaller extent than on Day 1. The corresponding

relative bioavailabilities on Day 7 were 2.00 (P¼ 0.001)

and 1.39 (P¼ 0.05). All three treatments appeared to
reach about the same steady-state level (1–1.5 ng/mL)

within the first 24 hours.

The terminal half-life was similar for the two new
testosterone gel formulations onDay 1 (�15 hours) but on

Day 7, t1/2 was more than twice as long for the

testosterone gel 2% formulation (�21 hours) than for
the 1% formulation (�9 hours) (Table 2). On both Days 1

and 7, t1/2 for Testogel was considerably longer than for

either of the new testosterone gel formulations (�53 and

Figure 1. Mean (SE) testosterone concentrations for the testosterone gel 1% (T. Gel 1%) and 2% (T. Gel 2%) formulations and
Testogel from Days 1 to 9.

Table 2. Summary of Pharmacokinetic Parameters: Maximum SerumConcentration (Cmax), Time to Cmax (tmax) and Elimination Half‐
Life (t1/2)

Parameter Day Testosterone Gel 1% (n¼ 11) Testosterone Gel 2% (n¼ 10) Testogel (n¼ 11)

Cmax (ng/mL)
Mean (SD) 1 6.25 (3.12) 2.97 (0.85) 1.71 (0.78)
Range 2.34–12.3 1.76–4.34 0.82–3.16
Mean (SD) 7 6.67 (3.45) 3.16 (0.98) 2.22 (0.93)
Range 2.18–13.15 1.65–4.69 0.81–3.60

Tmax (h)
Median 1 6 5 24
Range 4–6 4–12 12–24
Median 7 4 5 10
Range 4–6 2–12 4–24

t1/2 (h)
Mean (SD) 1 15.2 (17.9) 14.6 (8.5) 52.5 (53.4)
Range 3.1–67.3 3.5–28.7 8.5–154
Mean (SD) 7 9.4 (6.5) 21.0 (13.3) 71.6 (66.4)
Range 4.2–28.1 7.3–50.3 8.5–155

SD, standard deviation.
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72 hours, respectively). However, due to the shallow
slopes in the terminal parts of the curve, the half-lives

should be treated with caution.

The time-course of serum DHT concentrations
followed the serum testosterone time-course closely,

albeit with smaller concentration amplitudes after

administration (Figure 2). Consequently, the ANOVA
of baseline-corrected DHT showed smaller differences in

AUCt and Cmax between testosterone gel 1% or 2%

formulations and Testogel (Table 3). Nevertheless,
for testosterone gel 1% both AUCt and Cmax were

significantly higher than Testogel on Day 1 and 7. For

testosterone gel 2% the AUCt on Day 1 was significantly
higher than Testogel (P< 0.05) but for AUCt on Day 7

and Cmax on Days 1 and 7 the difference between these

treatments was not statistically significant.

Safety
There were no administration-site reactions with
any treatment, and no serious or severe adverse

events. Single treatment-related adverse events occurred

with all treatments with similar low frequency, and no
clinically significant changes in vital signs, ECG,

hematology, urinalysis or clinical chemistry values

occurred.

Discussion

In this trial in healthy men with suppressed testosterone,

the new testosterone gel 1% and 2% formulations (FE

999303) exhibited higher testosterone bioavailability and
faster absorption compared to a commonly used product.

Consequently, testosterone reached levels close to normal

within a shorter time frame subsequent to application of
the testosterone gel 1% and 2% formulations compared

with Testogel.

The time–concentration profiles of testosterone dem-
onstrated that the three preparations had different

absorption patterns during the 24 hours following

application. The new testosterone gel 1% and 2%
formulations showed a rapid first-order like absorption

pattern with only a few hours to Cmax, while Testogel

displayed a slower absorption rate resembling a zero-
order absorption pattern with a much longer time to reach

maximal concentration. Since the intrinsic half-life of

testosterone is within 1 hour, the elimination of all three
preparations is determined by the absorption rate, the

slower absorption of Testogel being reflected in a

substantially longer half-life. Since the new testosterone
gel 1% and 2% formulations both showed the same

overall time–concentration profile, albeit with a different

Table 3. Intra‐Individual Comparison of Serum (a) Testosterone and (b) Dihydrotestosterone Geometric Mean and Mean Ratios for
AUCt and Cmax for the Testosterone Gel 1% and 2% Formulations Versus Testogel for Days 1 and 7

Parameter Day

Testosterone
Gel 1%
(n¼ 11)

Geometric Mean

Testosterone
Gel 2%
(n¼ 10)

Geometric Mean

Testogel
(n¼ 11)

Geometric Mean Mean Ratio 90% CI P‐Value

(a) Testosterone
AUCt (ng/mL h) 1 57.1 — 21.7 2.63 2.18; 3.17 <0.001

7 66.7 — 33.4 2.00 1.53; 2.60 0.001
1 — 35.0 21.7 1.61 1.33; 1.96 0.001
7 — 46.6 33.4 1.39 1.06; 1.83 0.050

Cmax (ng/mL) 1 5.49 — 1.59 3.45 2.66; 4.49 <0.0001
7 5.74 — 2.07 2.78 2.07; 3.73 <0.0001
1 — 2.88 1.59 1.81 1.38; 2.38 0.0015
7 — 3.18 2.07 1.54 1.14; 2.08 0.0238

(b) Dihydrotestosterone
AUCt (ng/mL h) 1 15.7 — 8.8 1.79 1.48; 1.16 <0.0001

7 16.2 — 11.5 1.42 1.08; 1.85 0.0376
1 — 11.3 8.8 1.29 1.06; 1.58 0.0415
7 — 13.5 11.5 1.18 0.89; 1.57 0.3266

Cmax (ng/mL) 1 1.0 — 0.6 1.71 1.39; 2.11 0.0003
7 1.1 — 0.7 1.63 1.31; 2.02 0.0013
1 — 0.7 0.6 1.22 0.98; 1.54 0.1375
7 — 0.8 0.7 1.16 0.92; 1.46 0.2750

AUCt, area under the concentration–time curve from the last dose (Day 7) and 24 hours post‐dose; Cmax, maximum serum concentration. Endpoints
are ln‐transformed before analysis, and results are transformed back and presented as ratios. The model is a mixed linear model and includes treatment
and period as fixed effects, and subject as random effect. Themean is the geometric least squaremeans estimated from themodel. The P‐value is based on
a two‐sided test of the difference; 90% confidence intervals (CI) are given.
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magnitude, it is likely that the difference between these
new formulations and Testogel is a result of differences in

composition. In accordance with other transdermal

testosterone products, the three formulations in the
present study produced a rise in DHT levels concomitant

with increased testosterone levels, reflecting metabolic

conversion via 5 a-reductase in the skin.15

The exact mechanism behind the substantially higher

testosterone absorption with the testosterone gel 1%

versus the 2% formulation is as yet unknown. The
composition of the formulations were the same,

the factors differing being the amount of gel and the

testosterone concentration. Since a higher concentration
in diffusion driven absorption would be expected to

produce a higher absorption rate, the hypothesis is that the

amount of gel applied has an impact on the absorption of
testosterone. In vitro skin permeation studies have shown

that increasing the amount or volume of gel applied per

cm2 increases testosterone permeation.12 The greater
application volume of the 1% formulation (5 vs. 2.5 g

with the 2% formulation) may thus provide an explana-

tion for the higher absorption.
Testosterone steady state was reached after the

first dose with all three preparations. Moreover, the

rapid establishment of persistent and similar pre-dose
testosterone levels from Days 2 to 7, strongly indicated

that there was no accumulation of testosterone with

any preparation. For the new testosterone gel 1% and 2%
formulations this was also supported by the similar

time courses for the testosterone concentration on Days 1

and 7.
Endogenous testosterone production and release

shows a circadian rhythm with higher testosterone levels

in the morning, although this circadian pattern can

become blunted with aging.16,17 The new testosterone
gel 1% and 2% formulations, with their more rapid

absorption and the testosterone peaks clearly above that

of the steady-state level, may thus provide a circadian-
like rhythm resembling the natural diurnal variation in

testosterone.

Unabsorbed testosterone from gels poses a risk of
transfer to the skin of partners and/or children. Indeed,

topical androgens can increase testosterone levels in

exposed women and children9 and cause hyperandrogen-
ism.10,18–22 In the current study, the testosterone gel 1%

and 2% formulations delivered a higher proportion of the

testosterone dose to the circulation compared to
Testogel, and so may reduce the risk of testosterone

transfer to partners/children. Moreover, the amount of

testosterone contained in the skin, and never reaching the
circulation, might be reduced with the new formulations,

contributing to a decrease in the amount available for

contact transfer.
In conclusion, the new testosterone gel 1% and 2%

formulations achieved greater and more rapid absorption of

testosterone, with a more circadian-like concentration
profile, than Testogel without any application-site reactions.
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