THE MIANAGEMENT OF TESTOSTERONE PRODUCTION

Long-Term Effects of Testim” 1%
Testosterone Gel in Hypogonadal Men

John D. Dean, MB, BS,* Christina Carnegie, MB, BS, FFPM,* John Rodzvilla, Jr, MD,*
Ted Smith, PhD*

*The Salisbury Clinic, Plymouth, Devon, UK; *Auxilium Pharmaceuticals, Inc., Norristown, PA

A new transdermal preparation, Testim® 1% testosterone gel, has recently
become available for normalization of serum testosterone in hypogonadal men.
In short-term studies, it has been shown to reverse the clinical signs and
symptoms of low testosterone and to be well tolerated with less application-
site irritation than with testosterone patches. In 2 long-term studies with
Testim, the predose early morning serum testosterone (T), dihydrotestosterone
(DHT), and free testosterone (FT) levels were assessed. Serum T, DHT, and FT
were all maintained in the normal range for up to 12 months. In these stud-
ies, involving a total of 371 hypogonadal men, evaluation by means of dual-
energy x-ray absorptiometry revealed a significant increase from baseline in
bone mineral density. A significant improvement was also observed in body
composition (increased lean body mass, decreased fat mass, and decreased
percent fat). In addition, significant improvements in mood and sexual func-
tion were maintained for up to 12 months of treatment. The parameters
measured included sexual performance, sexual motivation, sexual desire, and
occurrence of spontaneous erections. These data from the 2 long-term studies
support the results of the 90-day studies with Testim showing that the gel
significantly improves the signs and symptoms associated with low testos-
terone compared with placebo. The data also support the conclusion that
these improvements are maintained for up to 1 year of additional treatment.
[Rev Urol. 2004;6(suppl 6):522-529]
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tion falls approximately 1% each year."* This gradual decline results in 1 in 5

It has been demonstrated that as men age, serum testosterone (T) concentra-

men having a serum T level below the normal range after the age of 50 years.
Abnormally low serum T has been associated with a clinical syndrome that
includes decreased sexual function, loss of muscle mass, increased fat mass (FM),
depressed mood, and decreased cognitive function, as well as loss of bone min-

eral density (BMD).**
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In several studies, low testosterone
has been identified as a risk factor for
osteoporotic fractures. Approximately
50% of men who present with hip
fractures and 20% of men with verte-
bral fractures have been shown to be
hypogonadal.”" Osteoporosis in men
is a significant health problem as hip
fractures are associated with a high
mortality."

Testim®, a new testosterone gel for
normalization of serum T, has recent-
ly become available. In short-term
studies up to 90 days, Testim has
proved to be well tolerated and to
produce significant improvement in
sexual function and mood as well as
increased BMD and improved lean
body mass (LBM), FM, and percent-
age of fat (%F).”'"" Here we report the
results observed with long-term treat-
ment with Testim 1% testosterone gel
in an aging hypogonadal population.

Patients and Methods
Patients
Hypogonadal men who had previous-
ly entered and completed 2 short-
term double-blind studies with
Testim were enrolled in 2 open-label,
multicenter, long-term studies (39
centers in the United States and 10
centers in Denmark, Sweden, and The
Netherlands). Male patients between
the ages of 21 and 81 years were
included. These patients had a base-
line original morning serum T level
(before double-blind therapy) of 300
ng/dL or less plus 1 or more symp-
toms of low testosterone. Except for
hypogonadism, the patients were in
generally good health, as evidenced
by medical history and based on the
results of the final physical examina-
tion and clinical laboratory and urine
analysis assessments performed at
the conclusion of the antecedent
short-term study.

Patients were excluded from the
study if they had any generalized skin
irritation or disease that might have

Table 1
Study Population Demographics

Demographics (N = 371)
Age (y) 58.5 + 10.0
Testosterone (ng/dL)* 234 + 59.2
Race

Caucasian 96.0%

Black 1.4%

Hispanic 2.2%

Other 0.5%
Cause of Hypogonadism*

Primary (n = 22) 5.9%

Secondary (n = 348) 93.8%

Aging 65.8 (%0)*

Normogonadotrophic 24.3 (9%)*

*8 A.M. serum testosterone concentration at screening exam.

*One patient had missing cause of hypogonadism.

“Distribution by cause is shown only if it occurred in 4% of patients.

Data presented as mean + SD.

interfered with androgen absorption
or metabolism.

Study Drug
Testim 1% testosterone gel was sup-
plied by Auxilium Pharmaceuticals,
Inc. (Norristown, PA). Testim 1%
testosterone gel is supplied in foil-lined
tubes containing 50 mg testosterone.
A dosage of 100 mg requires 2 tubes
of Testim to be applied to the skin.
All Testim 1% testosterone gel treat-
ments were applied in the morning,
with repeated applications occurring
at the same time of day for the dura-
tion of the study. Each day patients
applied the contents of 1 or 2 tubes,
depending on the dose, to the shoul-
ders and upper arms.

Study Design
Hypogonadal men who had previ-
ously entered and completed 2 short-
term, double-blind studies and had
been randomized to receive Testim
50 mg or 100 mg, testosterone patch,
or placebo for up to 90 days were
treated with Testim in 2 open-label,
multi-center, extension studies.

All patients initially received

Testim 50 mg testosterone gel daily.
At subsequent visits beginning at
2 weeks after enrollment, titration of
Testim was done based on serum T
levels and clinical symptoms. The
patient’s dose could be adjusted from
50 mg to 100 mg or from 100 mg to
50 mg at subsequent visits.

Patients were to remain in
the extension studies for 12 months
and were assessed at 2 weeks, month-
ly for the first 3 months, and
every 3 months thereafter until com-
pletion. Each study visit consisted
of a predose morning serum T
level measurement, skin irritation
examination, and clinical laboratory
analyses. In addition, at month 6 and
month 12, a body composition and
BMD test of the lumbar spine (L1-L4)
using dual-energy x-ray absorptiom-
etry (DEXA) was performed. All
body composition and BMD meas-
urements were centrally monitored
and analyzed by Synarc, Inc., San
Francisco, CA. At months 3, 6, and
12, prostate-specific antigen levels
(PSA) were measured. Clinical labora-
tory assessments and serum T,
dihydrotestosterone (DHT), and free
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Long-Term Effects of Testim® in Hypogonadal Men continued

500

Pre-Dose Morning Testosterone Concentrations

450
L
400
350
300

250

ng/dL

200

150

100

50

Pre-Dose Morning Free Testosterone Concentrations

pg/mL

Baseline
(N=369)

Month 1
(N=336)

Month 2
(N=334)

Month 3
(N=331)

Month 6
(N=300)

Extension Study Month

[ Testim 100mg

L.
Month 12
(N=232)

Month 9
(N=255)

Month 1
(N=337)

Baseline
(N=369)

Month 2
(N=

Extension Study Month

Month 12
(N=232)

Month 3
(N=331)

Month 6
(N=299)

Month 9

334) (N=255)

Figure 1. Levels of morning total testosterone in study

testosterone (FT) measurements were
done at a central laboratory. Serum T
and DHT levels were measured using
validated radioimmunoassay kits (T
and FT kits from Diagnostic Products,
Los Angeles, CA, and DHT kits from
Diagnostic Systems Laboratories, Inc.,
Webster, TX). Adverse events were
recorded throughout the study.

Sexual function and mood were
assessed via a validated question-
naire. The sexual function parame-
ters elicited by the questionnaire
were performance, motivation, spon-
taneous erections (day and/or night),
desire, enjoyment (with and without

Figure 3. Levels of morning dihydrotestosterone in study patients over 12 months.

participants over 12 months.
sion study.

a partner), satisfaction with erection
duration, and percentage of full
erection experienced. The men also
provided ratings on positive mood
items (alert, full of energy, friendly,
well/good) and negative mood items
(angry, irritable, sad or depressed,
tired, nervous). In the United States,
patients were to complete question-
naires using a telephone interactive
voice response system (IVRS), con-
cerning mood and sexual function
for 7 days before each visit.
Elsewhere, patients manually com-
pleted the daily questionnaires but
did not use IVRS.

Figure 2. Levels of morning free testosterone over 12 months during Testim® exten-

Methods
Descriptive statistics were used to
summarize predose morning serum
T, DHT, and FT levels; BMD; body
composition; sexual function param-
eters; and mood parameters at baseline
(before double-blind therapy) and at
each extension study visit.
Repeated-measure analysis of
variance with a factor for visit was
used to compare whether the percent
change from baseline for BMD was
different from zero and whether the
baseline values for T, DHT, FT, sexu-
al function parameters, and body
composition were different from

Figure 4. Percent change in total bone mineral density from baseline in study participants.
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Figure 5. Change in lean body mass from baseline in study participants.

each of the extension study visits.
For each comparison, a significance
level of o = 0.05 (2-sided) was con-
sidered significant. SAS version 9.1
was used for all statistical analyses.
All data in figures are means + SE.

Results

Patients

A total of 371 patients were recruited;
of these patients, 76 received Testim
for less than 6 months, 38 received
Testim for between 6 and 9 months,
and 257 patients received Testim for
more than 9 months. Baseline demo-

Figure 7. Percentage change in fat mass from baseline in study participants.

graphics are presented in Table 1.
The average age was 58.5 years, the
average screening morning serum T
level was 234 ng/dL, 96% were
Caucasian, and 90% were hypogo-
nadal because of aging or were nor-
mogonadotropic at baseline.

Pharmacokinetics

Serum T, DHT, and FT levels are
summarized in Figures 1-3. By the
end of the first month, the mean
morning predose serum T levels were
in the normal range, regardless of
the treatment received by the patient

Figure 6. Change in fat mass from baseline in study participants.

in the previous short-term, 90-day
double-blind study. Serum T levels
were maintained in the normal range
for up to 12 months of treatment.
Consistent with the changes in total
testosterone level, Testim increased
serum levels of DHT and FT. These
increases were also maintained for
up to 12 months.

BMD

At Dbaseline, mean BMD was
1.1747 g/cm.? Long-term treatment
with Testim resulted in a significant
(P < 0.001) percent change increase

Figure 8. Sexual desire over time in study participants.
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Long-Term Effects of Testim® in Hypogonadal Men continued

Sexual Performance
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Figure 9. Sexual performance over time in study participants.

from baseline in BMD of the lumbar
spine as measured by DEXA scan,
reaching 2.58% at month 12
(Figure 4). Month 12 data showed a
greater increase than that found at
month 6 (1.33%), indicating an
ongoing repletion of BMD with con-
tinuing treatment with Testim.

Body Composition

At baseline, LBM was 61.9 kg, FM
was 27.8 kg, and %F was 29.5%.
Testim treatment resulted in signifi-
cant changes in body composition at
months 6 and 12 (Figures 5-7). These
changes included significant increas-
es in LBM (1.7 kg [month 6] and 2.2
kg [month 12]), significant decreases
in FM (1.2 kg [month 6] and 1.8 kg
[month 12]), and 9%F (1.4% [month
6], and 2.1% [month 12]) but with no
significant change in total body
mass (data not shown).

Sexual Function

The different domains of sexual func-
tion are summarized in Figures 8-13.
Desire, performance, motivation, satis-
faction with duration of erection, per-
cent of full erection, and spontaneous
erections showed significant improve-
ment (P < .001) from baseline at all
visits during the extension study.

Figure 11. Satisfaction with
duration of erections over
time in study participants.

Figure 12. Percentage of
Sfull erection over time in
study participants.
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Figure 10. Sexual motivation over time in study participants.
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Long-Term Effects of Testim” in Hypogonadal Men
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Figure 13. Spontaneous erections over time in study participants.

Satisfaction with sexual activity, with
or without a partner, also showed a
significant improvement from base-
line. The data support the conclusion
that the significant improvements in
sexual function observed with Testim
in the short-term studies, including
those versus placebo, were main-
tained for up to an additional year
of treatment.

Table 2
Adverse Events Judged Related
to Study Medication

Total
Event (N = 371)
Application site erythema 4.0%
Application site rash 1.9%
Increase in PSA level 5.7%
Increase in hematocrit 4.9%
Increase in hemoglobin level 4.3%
Increase in red blood cell count  1.6%
Benign prostatic hypertrophy 1.6%
Acne 1.6%
Hypertension aggravated 1.6%
Decrease in libido 1.1%

PSA, prostate-specific antigen.

Mood

Treatment with Testim was shown to
improve mood at month 1 compared
with baseline (Figure 14). Scores were
increased for positive mood parame-
ters and decreased for negative mood
parameters. These improvements were
maintained through month 12. The
results observed by month 1 of the
extension studies were of the same
magnitude as seen at the end of the
short-term studies.

Safety
Adverse Events
Forty patients experienced an adverse

Figure 14. Mood scores over time during therapy with Testim’".

event that resulted in study drug dis-
continuation. The most frequent
adverse events leading to discontin-
uation were increased PSA level
(2.49%), increased hematology param-
eters (2.4%), and application site
reactions (1.19%).

Six patients reported 8 serious
adverse events that were possibly
related to the study drug; there was
no pattern among the adverse events.
Specific adverse events that were
possibly or probably related to the
study drug and reported by more than
1% of Testim patients are presented in
Table 2. The most frequently reported

Figure 15. Hemoglobin
levels over time in study

participants during 12-
month treatment.
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related adverse events were PSA level
increase (5.7%), hematocrit increase
(4.9%), hemoglobin increase (4.3%),
and application site erythema (4.0%%).

Hematology

Mean hemoglobin level and hemat-
ocrit are presented in Figures 15
and 16. Mean values remained
within normal limits for the entire
extension study.

Prostate

Mean PSA values are presented in
Figure 17. Baseline PSA concentra-
tions were 1.26 + 0.05 ng/mL. The

Figure 17. Serum prostate-specific antigen level during 12-month extension study

changes from baseline were signifi-
cant at each of the visits (0.39 ng/mL
[month 3], 0.37 ng/mL [month 6],
and 0.45 ng/mL [month 12]). Three
patients received a diagnosis of
prostate cancer. All 3 had positive
prostate biopsies; 2 biopsies were pos-
itive for adenocarcinoma. One patient
underwent a radical prostatectomy.
Further analysis of the patients with a
diagnosis of prostate cancer reveals
that 1 patient, aged 53 years had an
entrance PSA level of 1.3 ng/mL and
an exit PSA level of 2.9 ng/mL. This
patient discontinued treatment at
day 37 for an elevated hematocrit.

The diagnosis of prostate cancer was
made over 60 days post-treatment by
biopsy performed because of asym-
metrical prostate.

The second patient with a prostate
cancer diagnosis was 63 years old.
He had an entrance PSA level of
2.4 ng/mL and an exit PSA level of
3.1 ng/mL at the 1-year completion
of study. He had a biopsy because of
rising PSA values. The third patient
was a 73-year-old who underwent
biopsy on day 273 of the study
because his PSA level rose from
1.4 ng/mL on entrance into the study
to 4.3 ng/mL at 6 months. However,
the last PSA value obtained at com-
pletion of the study was 1.9 ng/mL.

International Prostate Symptom
Score (IPSS)

Mean IPSSs are presented in Figure 18.
Values exhibited no clinically signif-
icant rise from baseline through the
entire extension study.

Discussion

In these 2 long-term studies, treatment
of hypogonadal men with Testim
resulted in normalization of mean
serum T levels by the end of the first
month of treatment, with T levels

Figure 18. International Prostate Symptom Score over time in subjects receiving

treatment. testosterone therapy with Testim".
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remaining in the normal range
throughout the 12 months of treat-
ment. Consistent with the changes in
total T, Testim increased serum levels
of DHT and FT, with these increases
also maintained throughout the 12
months of treatment.

Ongoing repletion of BMD was
observed over time with prolonged
treatment with Testim. After 12
months of treatment, a significant
percentage change increase from
baseline in BMD was seen, greater

monitoring confirmed the known
class effects of T on erythropoiesis
and PSA values. Of note, only 1 of
the 3 patients with prostate cancer
had a PSA value above 4.3 ng/mL.
The occurrence of 3 prostate cancers
in this study population of aging
males (< 19%) is not unexpected.

The beneficial effects of testosterone
with regard to sexual function, mood,
muscle strength and body composition
are maintained through 12 months of
treatment, suggesting that tolerance

The beneficial effects of Testim® on sexual function and mood are maintained

over time.

than that observed at 6 months. In
addition, significant improvements in
body composition parameters, includ-
ing LBM, FM, and %F, were noted at
months 6 and 12 of treatment.

The significant improvements in
mood and sexual function parameters
observed with short-term treatment,
including sexual performance, sexual
motivation, sexual desire, and occur-
rence of spontaneous erections, were
maintained for up to 12 months with
Testim treatment.

The safety results from the 2 long-
term studies were consistent with those
reported from short-term studies with
Testim and are comparable to changes
observed in other studies with T
treatment. In addition, the laboratory

to testosterone effects does not occur.

It can be concluded from these data
that Testim can be given safely to
patients with age-related and other
types of hypogonadism for prolonged
periods of time, producing serum T
levels that remain in the normal
range. It has also been shown that the
beneficial effects on sexual function
and mood are maintained over time
and that improvement in BMD and
body composition increases with con-
tinued administration of Testim. H
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Main Points

e Abnormally low serum testosterone is associated with decreased sexual function, loss of muscle mass, increased fat mass,

depressed mood, decreased cognitive function, and loss of bone mineral density (BMD).

e The study included hypogonadal men who had previously been involved in 2 short-term, double-blind studies comparing Testim*
gel, testosterone patch, or placebo for up to 90 days; participants received Testim in 2 open-label, multi-center, extension studies.

e Testim resulted in increases in total testosterone, serum levels of dihydrotestosterone, and free testosterone, as well as in BMD

and lean body mass.

e Results of the longer-term study of Testim showed benefits in sexual function, mood, and body composition, which were main-
tained for 12 months, with a safety profile similar to that seen with short-term therapy and no rise in prostate symptom score.
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