Testosterone gels are being
increasingly used throughout
the world. There is still some

controversy associated with their
use, but many of the uncertainties
are gradually being overcome and
explained. The authors from

the USA evaluated the
pharmacokinetics and the efficacy
of dosing and application sites of
another such transdermal gel.

The arrival of oral agents for
treating male erectile dysfunction
has made it easier for GPs to treat

this condition. The authors from
Southampton have examined the
safety of sildenafil used in general
medical practice in England,
finding that it was used safely at
this level, with no unexpected
events.
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OBJECTIVE

To determine the regimen that would most
effectively maintain serum testosterone
concentrations in treated hypogonadal
men within the normal reference range of
3-11.4 ug/L.

PATIENTS AND METHODS

Eighteen men aged 24-69 years with

either primary or secondary hypogonadism
participated in and 16 completed a
randomized, six-treatment regimen, three-
period (phase), three-way matrix-type
crossover study. A 1% and 2% testosterone
gel (CP601, Cellegy Pharmaceuticals, Inc., San
Francisco, USA) was administered either once
or twice daily transdermally at different body
sites to determine optimal dosing, application
sites, and its pharmacokinetics and tolerability
in hypogonadal men. Treatments A-Fincluded
1 g of 1% and 2% gel that was equivalent to
10 or 20 mg of testosterone, applied once or
twice daily to the skin of either the thigh or
the upper arm. Six men also participated in a
study of 3 g of 2% gel that was equivalent to
60 mg of testosterone applied once daily, half
on each thigh. Pharmacokinetic variables
were calculated for testosterone for each man
in each treatment period and the results
analysed by ANOVA.
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RESULTS

In general the higher dose regimens produced
higher serum concentrations of testosterone;
the 3 g/2% dose was most successful in
maintaining serum testosterone within the
normal reference range. The average
testosterone concentration (C,,,) was

6.52 pg/L and all men had a C,,, of >3.0 pg/L.
The prediction of all men achieving a C,,4 of
>3.0 ug/L was 96%. The mean minimum
concentration (C,;,) was 3.83 ug/L and half
the patients had a C,;, of >3.0 ug/L. Most
men had serum testosterone levels within the
normal reference range throughout the 24 h,
and the treatment was well tolerated.

CONCLUSIONS

The 3 g/2% dose applied to the skin daily
resulted in serum testosterone in the normal
reference range in most hypogonadal men.
Dose adjustments to either a lower or higher
dose should shift serum testosterone
concentration to the desired range in those
who do not achieve this range with this dose.
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INTRODUCTION

The Leydig cells of the testes of normal adult
men produce =95% of the daily output of
=7 mg of testosterone [1-3]. Testicular,
pituitary, and hypothalamic dysfunction,
chronic illness and a variety of medications
and normal ageing are all associated with
subnormal concentrations of serum
testosterone [4-6]. Restoring serum
testosterone to physiological concentrations
in testosterone-deficient men has been a
focus of much recent investigation, involving
the use of oral and sublingual preparations,
depot injections and pellets, and transdermal
patches and gels [7-14].

Each route of testosterone administration has
favourable and unfavourable features. Oral
17-ov alkylated derivatives of testosterone are
associated with hepatoxicity [15] and marked
reductions of high-density lipoprotein (HDL)
cholesterol [16] and vascular lesions [17];
some oral preparations may have poor or
variable absorption; injections of testosterone
esters may produce undesirable peak and
troughs [9,18]; and some testosterone
patches result in intolerable skin reactions
[19,20], limited testosterone delivery or
unphysiologically high dihydrotestosterone
concentrations [13,21,22]. The currently
available gels have low incidences of skin
irritation and deliver sustained testosterone
concentrations, but the preparations available
make individual dose titration difficult and in
some cases expensive [13,23,24].

Numerous clinical studies confirm the
efficacy of testosterone for treating
testosterone deficiency [13,23,24]. When
testosterone deficiency is physiologically
replaced several benefits have been reported,
including improved sexual function, libido,
mood, cognition, bone mineral density

and lean muscle mass and strength
[10,12,14,25-31]. Adverse consequences of
testosterone replacement therapy include
gynaecomastia and polycythaemia
(particularly with injections of testosterone),
weight gain, decreased HDL cholesterol and
increased prostate size [25,32,33]. Androgens
are contraindicated in men with cancer of the
breast or prostate. After decades of research,
data supporting an increased risk of
testosterone therapy on prostate or breast
cancer have never been reported [13,34].

The purpose of this study was to select
application sites, doses and dosing intervals
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for a gel formulation of testosterone that
would provide a physiological serum
concentration of testosterone over a 24-h
period (pharmacokinetics), and to determine
the tolerability of this transdermal delivery
system.

PATIENTS AND METHODS

The study included 18 men aged 18-75 years
with primary or secondary hypogonadism;
after withdrawal from any previous
testosterone treatment, hypogonadism

was defined as a serum testosterone
concentration of <3.0 ug/L on two
consecutive occasions 7 days apart or
<2.5ug/L in a single sample. However,
subsequent serum testosterone
measurements during the study confirmed
testosterone deficiency. The men were
otherwise in good health, based on the results
of medical history, physical examination, a
12-lead electrocardiogram and clinical
laboratory test results at screening.

The preparations of 1% and 2% testosterone
CP601 gel contained 10 and 20 mg
testosterone (United States Pharmacopeia/
National Formulary, USP/NF) per gram of
gel (dispensed from a metered canister),
respectively, ethanol, Carbopol 1342 USP
(gelling agent), and other approved
pharmacologically inert excipients (2-
propanol USP, propylene glycol USP, oleic
acid USP, butylated hydroxytoluene NF,
triethanolamine NF, and purified water
UsP).

This was an open-label, randomized, six-
treatment regimen, three-way, three-period
(phase) crossover matrix type, and phase 1/2

study conducted at two sites in the USA. A
seventh open-label treatment regimen was
added by amending the protocol. The
institutional review boards of the University
of Utah and Stanford University approved the
studies.

Six men participated in each of three
treatment regimens, and each was randomly
assigned to three treatment phases (I, Il and
[11) of testosterone gel administration. During
each treatment phase the man was to follow
one of six treatment regimens (A-F). In all
treatment regimens testosterone gel was
applied at 1 g/100 cm? of skin surface area
(Table 1). During treatment phase IV in
regimen G, 1.5 g of 2% testosterone gel

(30 mg testosterone) was applied daily to
150 cm? of skin at the same site on each
outer thigh (total daily dose 60 mg
testosterone).

The order of treatment regimens was
randomized, with a minimum 3-day drug
washout period between treatment phases.
On study days 1 and 7 of treatment phase |, |l
and IIl (A-F) and on study day 7 of treatment
phase IV (G), venous blood samples were
obtained to assay serum concentrations

of testosterone before and at specified
times after the morning testosterone gel
administration. On days 3 and 5 venous blood
samples were obtained before (and 1.5 h after,
in G) testosterone gel administration to assay
serum testosterone. The samples were sent to
Endocrine Sciences for analysis (presently
Esoterix, Inc., Calabasas Hills, CA).

Serum testosterone concentrations were
determined by radioimmunoassay after
hexane:ethyl acetate extraction of the serum
sample. The intra-assay coefficient of

TABLE 1

application site The 7-day regimen of

Testosterone

Regimen g % dose, mg dosing

A 1 2 20 daily

B 1 1 10 daily

C 1 2 20 days, 1,3,5,7
days, 2,4,6

D 1 1 10 days, 1,3,5,7
days, 2,4,6

E 1 2 20 (40)*  Twice daily

F 1 1 10 (20)*  Twice daily

G 1.5 2 30(60)* daily each thigh

upper arm testosterone gel application
upper arm

upper arm

outer thigh

upper arm

outer thigh

outer thigh, am;

upper arm, pm

outer thigh, am;

upper arm, pm

outer thighs *Total dose.
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variation was < 9.4% and the interassay
coefficient < 8.8%. The sensitivity of the assay
was 0.49 ug/L.

PHARMACOKINETICS

To determine a precise pharmacokinetic
profile during study days 1and 7 of treatment
phases I-ll, and day 7 of treatment phase IV,
venous blood samples were obtained to
measure testosterone before (time 0) and at
0.5,1,2,4,6,8,10, 12, 16, 20 and 24 h after
the morning application of the gel. On days 3
and 5 of each treatment phase a venous blood
sample was obtained just before the morning
dose, and for men in regimen G also at 1.5 h
after dosing. Concentration-time profiles
were evaluated using a non-compartmental
approach.

SAFETY

There were no clinically significant changes
except for features of hypogonadism at
baseline or during the study in physical
examination findings, vital signs
(temperature, systolic and diastolic arterial
blood pressure, and heart and respiration
rates), 12-lead electrocardiogram results,
clinical laboratory test results (haematology,
blood chemistry, serology and urine analysis),
and assessment of treatment-emergent
adverse events.

EVALUATION OF SKIN TOLERABILITY

Application-site reactions were graded by the
investigator and recorded on the case report
form. At 24 h (end of study day 1) and 168 h
(end of study day 7) after applying the gel in
each treatment phase the site of application
was examined for changes. Skin reactions
were graded by the investigator as: 1, normal
skin with no redness; 2, mild redness; 3,
redness and swelling or induration; and 4,

TABLE 2 Mean (sp) values (ug/L) of Cy

TRANSDERMAL TESTOSTERONE GEL

blister formation and/or necrosis. The men
were instructed to contact the investigator if
they noted any inflammation (reddening) or
discomfort at the site of application at any
time during the study, and to change the
application site to the other side of the same
anatomical site (arm or thigh) only if
inflammation occurred.

STATISTICS

The pharmacokinetic variables Cz, Coine

Cavg and ty,, were calculated for serum
testosterone concentrations using a
noncompartmental approach [35-37]. The
areas under the serum testosterone
concentration-time curves (AUC) for 0-24 h
(AUC,_,4)on study days 1 and 7 were
calculated using the trapezoidal method. For
the twice-daily regimens, Eand F, C,., and .
were calculated for 12-24 h after dosing.
Values were compared statistically using
ANOVA with regimen sequence, treatment
phase (period), regimen, treatment day, and
the treatment-by-day interaction as fixed
effects. In the ANOVA, residual effects were
examined for pattern, outliers and other
aspects of fit, such as homogeneous variance
and approximate normality.

RESULTS
PHARMACOKINETICS

In phase | the mean (sD, range) pretreatment
testosterone concentration, Cy, was

1.76 (0.89, 0.25-3.34) ug/L, and in phase |l
and Ill, 1.90 (1.01) and 1.94 (0.96) ug/L, and
not significantly different (P = 0.369) from
phase |, indicating that the 3-day washout
between treatment phases was sufficient for
serum testosterone to return to baseline
levels (Table 2).

Regimen A B F

N 8 7 8 8 9 8 6

Day

1 2.01(0.88) 1.74(1.05) 1.78 (0.78) 1.88 (0.86) 1.98 (1.00) 1.78 (1.27) -

3 3.60 (2.11) 2.54 (1.07) 3.89 (2.66) 2.55(0.84) 4.38(2.20) 3.04 (0.89) 3.24 (1.32)
5 334 (1.39) 2.25(1.11) 494 (5.11) 2.30(0.89) 4.82(1.88) 3.14(1.61) 3.19 (1.20)
7 3.25(2.06) 230 (1.68) 2.09 (0.59) 2.16(1.10) 3.84 (1.36) 4.21 (1.50) 5.04 (1.65)
8 3.32(1.68) 2.73 (1.55) 2.81(0.63) 3.09 (2.16) 4.40 (2.08) 3.85(1.89) 6.82 (3.13)
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Applying the testosterone gel once or twice
daily to either the thigh or upper arm resulted
in increases from baseline in serum
testosterone concentrations (Table 2) with
each dose from day 1 before treatment to
before dosing on days 3, 5, 7 and 8. An ANOVA
of all the pharmacokinetic variables measured
was applied for days 1 and 7 using fixed
effects of treatment sequence, phase, day,
regimen and day-by-regimen (Table 3).
Overall, the results of this study showed that
there was a significant day effect for all
variables except C,.,, for which it was
marginal. Similarly, except for C, and Cy,,
there was a significant regimen effect
associated with each variable. Some variables
had associated phase (AUC;44 and Cy,)
effects, which were also significant. C,, day
and day-by-regimen were highly significant
(P<0.001 and 0.020, respectively). The day
effect is easily understood, as the day 7
results were overall higher than those on day
1. The significance of the interaction term is
probably partly a result of differences among
regimens A, B, C and D from E and F. The
increases from study day 1 to 7 were greater
in Eand F than in A, B, C and D. The mean
testosterone AUC,.,, increased from day 1 to
7 for all regimens except C. On day 7 the
highest mean testosterone AUC,.,, was in G
(156.63 pg/L/h).

Although the ANOVA identified treatment
phase, regimen and day as being statistically
significant in the AUC,_,4 results for A-F
(P=0.019, 0.029 and 0.019, respectively;
Table 3), which complicates the interpretation
of the findings, we conclude that there was an
increase in AUC with repeated gel application
and that day 7 values were higher than those
on day 1.

PHARMACOKINETICS

The higher strength regimens generally
resulted in more testosterone being absorbed,
as shown in (Fig. 1). The linearity between Cy,
(Fig. 1a) and C,,, (Fig. 1b), as a function of the
total amount of testosterone applied daily to
the skin, was assessed using a random
coefficient analysis; the effect of dose on Cy,
(P=0.001) and C,,, (P =0.002) was highly
significant. This suggests that dosing with this
testosterone gel could be adjusted for each
patient's dose requirements by compensating
for variations in body weight, body mass
index, clearance and skin permeability, all
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factors that could affect the final serum
concentrations.

PHYSIOLOGICAL TESTOSTERONE
CONCENTRATIONS

Table 4 summarizes the C,, on days 1and 7;
regimen G best maintained the serum
testosterone concentration in hypogonadal
men within the physiological range of 3.0-
11.4 ug/L. The mean C,,, (6.52 pg/L) in G was
significantly higher than the lower limit and
all men had a C,,, of >3.0 ug/L. Based on this
study the predicted percentage of patientsin
this population with C,,, values above the
lower limit after treatment with 3 g of 2%
testosterone gel once daily was calculated to
be 960%.

The mean C,;, (3.83 ng/L, Table 4) was
significantly higher than the lower limit in
half the patients in G at day 7. The predicted
percentage of patients above the lower limit
after treatment G was calculated to be 70%.
Most men had serum testosterone levels
within the reference range throughout

the day. Thus we conclude that CP601
testosterone gel is well suited for replacement
therapy with a pharmacokinetically driven
dose-adjustment scheme.

To determine which regimen significantly
increased the C,,, within the reference range,
a one-sided P value was calculated for each
regimen (Table 4). The proportion ranged from
three of eight for D to all men in G, where the
mean C,, was 6.52 ug/L. Regimen G was the
only treatment that significantly (P< 0.001)
increased the C,,, to >3.0 ug/L. In a similar
analysis for C,,, the numbers of patients with
a C, of >3.0 ug/L was also calculated
(Table 4); regimen G was the only treatment
where Cy;, (3.83 pg/L) was significantly
(P<0.001) >3.0 ug/L and half the men were
above that level. For the other regimen

the numbers achieving a Cy, of >3.0 ug/L
were between zero (C) and four of nine men
for (E).

In the analyses for C,,y and C,;, only the
lower end of the physiological range was
considered, as these two variables are more
likely to be low than high, as summarized in
Table 5. To take into account both ends of the
range, the number of men within the
reference range at day 7 was computed at all
sampling times (Table 5). Regimen G, followed
by Eand F, were best at maintaining most men
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TABLE 3 The results of ANOVA for the pharmacokinetic variables, as P values

Variable Sequence Phase Day Regimen Day-by-regimen
Co 0.129 0.099 <0.001 0.288 0.020
AUC, o4 0.712 0.019 0.029 0.019 0.334
Crax 0.747 0.086 0.053 0.010 0.510
Tmax 0.785 0.568 0.023 0.013 0.853
G 0.713 0.018 0.028 0.018 0.325
Crin <0.137 0.061 <0.001 0.730 0.184

within the physiological range throughout
the day.

SAFETY RESULTS

No safety issues were evident from the use of
1% or 2% testosterone gel during the study.
Adverse events were reported in 61% of men
but most were associated with mild erythema
at the application site and all but one was
mild or moderate. This profile was consistent
with previous clinical experience with
topically administered testosterone products
[19,23,33]. There was no apparent dose-

or regimen-related association with the
frequency of adverse events. There were

no deaths, serious adverse events, or
discontinuations for an adverse event during
the study. There were no laboratory, physical
examination or other safety-related issues
with the administration of this testosterone

gel.

DISCUSSION

Applying the testosterone gel once or twice
daily to either the thigh or upper arm resulted
in significantly higher Co, AUCy 54, Covgr Crnax
and C,;, and earlier t,,, on day 7 than on day
1. Higher-dose regimens generally resulted in
more testosterone being absorbed. The results
suggested that dosing with testosterone gel
could be adjusted to meet a particular
patient's dose requirements. Regimen G

(60 mg), followed by regimens E and F,

was the best at achieving physiological
testosterone concentrations throughout the
day. Results from regimen G indicated that
nearly all men had C,,4 values below the upper
limit of normal and half had C,;, values of
>3.0 pg/L.

While CP601, Androgel® and Androderm®
were not compared, regimen G (60 mg)
compares favourably with published results

FIG. 1. The linearity with dose of C,,;, (a) and Cyyq (b),
showing the values for a single daily dose (A, B, C, D
and G); the effect of dose was highly significant

(P =0.001 and 0.002, respectively).
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reported with the Androgel 5 g and
Androderm 5 mg doses [9,13,23]. The
testosterone profile of CP601 resembles that
of Androderm in that both have a distinct
peak concentration, whereas Androgel has a
less noticeable peak [9,13,23]. The ability of
CP601 (60 mg) to achieve physiological
concentrations of testosterone throughout
the 24-h interval after dosing is as high or
higher than those reported with Androgel or
Androderm [9,13,23].

As one dose is not appropriate for all men for

any of the testosterone preparations, CP601
has an apparent dosing advantage in that the

© 2004 BJU INTERNATIONAL
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TABLE 4 Summary statistics for C,,y and Cy;, (1Lg/L) on days 1 and 7; a random coefficient analysis of C,;, by dose for single dose regimens A, B, C, D and G gave
a dose coefficient (SEM) of 3.94 (0.90), an intercept (SEM) of 139 (26.1) and a P for dose of 0.001

A B C E F G
No. of men 8 7 8 8 9 8 -
G
Day 1
Mean (sD) 3.60 (165) 2.19 (1.14) 3.85 (1.53) 3.00 (1.59) 3.52 (1.04) 2.46 (1.01) -
Median 3.29 2.72 3.74 2.85 3.42 2.20 -
Range 2.08-7.46 0.36-3.11 1.95-6.44 1.35-5.83 1.96-5.45 1.20-4.05 -
Day 7
Mean (SD) 4.13 (2.08) 2.94 (1.48) 3.38 (1.27) 3.60 (3.17) 4.48 (1.35) 4.01(1.82) 6.52 (1.98)
Median 3.77 2.64 3.25 2.64 4.36 3.51 596
Range 1.92-7.66 0.43-5.06 2.06-6.01 0.91-1.098 2.72-6.80 2.10-7.87 4.34-9.18
P* 0.085 0.798 0.605 0.823 0.063 0.087 <0.001
Coe
Day 1
Mean (sD) 1.85 (0.74) 1.56 (0.92) 1.55 (0.70) 1.66 (0.81) 1.73 (0.73) 1.45 (0.75) -
Median 1.90 1.93 1.50 1.76 1.92 1.41 -
Range 0.25-2.75 0.25-2.35 0.25-2.39 0.25-2.73 0.63-3.02 0.25-2.73 =
Day 7
Mean (SD) 2.17 (0.72) 1.82 (1.24) 1.72 (0.46) 1.87 (1.11) 2.46 (0.96) 2.47 (1.00) 3.83 (1.63)
Median 227 1.72 1.71 1.68 2.75 2.03 3.43
Range 1.24-3.12 0.25-3.26 0.72-2.20 0.25-3.53 1.15-3.85 1.41-4.43 1.99-6.45
Evaluation of C,,, and C,;, on day 7 by regimen, vs 3.0 pug/L
N 8 7 8 8 9 8 6
P* 0.115 0.838 0.662 0.857 0.098 0.123 <0.001
N with >3.0 pg/mL 5 3 4 3 8 6 6
%t 70.6 48.5 61.7 57.5 86.5 71.0 96.3
[ 0.997 1.000 1.000 1.000 0.998 0.971 <0.001
N with >3.0 ug/mL 1 2 0 2 4 2 3
%%t 12.5 16.9 0.3 15.6 28.7 29.8 69.5

*One-sided P value testing that the mean is> 3.0 ug/L, based on ANOVA for A-Fand on normal approximation for G. +Percentile of normally distributed population
>3.0 ug/L as predicted from the observed mean (Sb); -, not done.

TABLE 5 Numbers of patients with testosterone
concentrations of 3.0~ 11.4 ug/L on study day 7

RegimenA B C D E F
Total 8 7 8 8 9 8
Nominal sampling time, h

ol ®

0 3 2 0 2 7 7 6
0.5 5 3 2 2 6 5 4
1 5 3 5 3 7 6 4
2 6 6 5 5 8 7 3
4 8 5 6 6 8 8 6
6 4 2 3 5 8 3 6
8 4 2 2 4 6 3 5
10 4 2 0 3 4 2 6
12 3 2 0 3 5 2 5
16 4 2 2 2 7 7 4
20 4 3 3 2 7 5 6
24 4 2 2 2 7 4 4
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testosterone dose can be adjusted. The gel is
delivered from a device which allows for
calibrated dosing from the canister. With
Androgel and Androderm, additional patches
are needed to deliver adequate amounts of
testosterone, thereby increasing the cost
[9,13,23]. A long-term study using CP601 has
been conducted to determine the benefits in
improving symptoms and effects on safety
related to lipid profiles, bone density changes,
PSA and haematological variables.

In conclusion, based on the present results in
regimen G (60 mg) the correlation between
the testosterone dose applied to the skin and
Cayg and Cyyn, single daily applications of 3 g
CP601 per 300 cm? skin should provide an
adequate dose of testosterone to maintain
the serum testosterone concentration in the

physiological range for the large majority
of hypogonadal men. The avoidance of
supraphysiological levels of testosterone,
seen with injection therapy, should provide
more physiological hormone replacement
therapy, and may prevent unwanted side-
effects, e.g. sleep disturbances and an
elevated haematocrit [9,13,23,33]. For those
hypogonadal men whose serum testosterone
concentrations would not be adequately
adjusted by the 3 g dose, it is anticipated that
adjustment to a lower (e.g. 2 g) or higher (e.q.
4 g) amount of gel will alter their testosterone
levels in the desired direction.

The CP601 1% and 2% testosterone gel used
in this study was safe and well tolerated by all
patients. Adverse events were consistent with
the known safety profile of testosterone and
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topical application of formulations with a
high alcohol content.
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National Formulary; AUC, area under the
serum testosterone concentration vs time
curve; Co, serum testosterone concentration
before treatment, i.e. immediately before gel
application; C,y, average serum testosterone
concentration, determined as AUC,.,, divided
by 24 h; Cpax, maximum serum testosterone
concentration at 0-24 h after dose; Cpin,
minimum serum testosterone concentration;
Cinax12—24, Maximum serum testosterone
concentration at 12-24 h after dose; AUCy_,4,
AUC from time 0-24 h; t,.,, time of maximum
serum testosterone concentration at 0-24 h
after dose.
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