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Abstract

Late onset hypogonadism (LOH) is an issue of increasing concern. Studies have shown the importance of testosterone in the maintenance
of homeostasis, especially with respect to bone health, sexual function, diabetes, cardiovascular risk, mental health and cognition. Much of
the dysfunction in hypogonadism can be reversed or improved with testosterone replacement therapy (TRT). Physicians worry about the
possible consequences of TRT, especially regarding the prostate. By reviewing the literature, we have found there are significant benefits
to TRT, and fears of adverse effects on the prostate are largely unfounded, though there is a great need for larger studies with longer periods

of follow-up, especially to evaluate adverse events.
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Introduction

In our increasingly aged population, late-onset hypogonadism (LOH) is
an important public health issue with an incidence estimated at 12.3
cases per 1000 person years." There is an increased public knowledge of
this condition and more patients are approaching their physicians about
diagnosis and treatment.

Late-onset hypogonadism is an important clinical entity that should not
be ignored by practitioners. It is associated with osteoporosis,? frailty,® loss
of libido and erectile dysfunction,* depression,® cognitive dysfunction,®
even cardiovascular disease’ and metabolic syndrome.? Many patients
and practitioners have lingering questions about the risks and benefits
of this therapy as well as its use in certain populations, such as patients
who have had prostate cancer or voiding dysfunction. While the use of
testosterone in patients with a history of prostate cancer is currently
contraindicated and considered off label use, many studies have started
to evaluate it. Here we provide a review of testosterone replacement
therapy (TRT); the benefits of this treatment and the risks it may pose.

Testosterone and Erectile Dysfunction

The incidence of erectile dysfunction (ED) is increasing® along with
the incidence of hypogonadism.™ Links between the two have been
found on epidemiologic and basic science levels. After controlling
for cofounders such as diabetes and vascular disease that typically
occur in this population, the Massachusetts Male Aging Study found
an increase in ED with decreasing testosterone among 625 patients,
especially with luteinizing hormone (LH) levels >8 1U/I."" Overall sexual
dysfunction, especially ED has been associated with testosterone levels
up to 8 nmol/L in a study of 2838 men.' The effect of testosterone on
ED is even more important in those with metabolic syndrome.™

Endothelial dysfunction appears to be the main mechanism by which
testosterone deficiency increases the incidence of ED.™ Studies in
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rats have shown decreased cavernosal tissue apoptosis in diabetic
rats when treated with testosterone.” Similar effects are seen in
humans and studies have found testosterone is important in tissue
remodeling and maintenance of smooth muscle in erectile tissue. Late-
onset hypogonadism alters this hormonal support and may increase
progenitor cell differentiation into adipocytes.’ This translates into an
increase in arterial stiffness and arteriogenic ED in patients with late-
onset hypogonadism.''®

In addition to LOH being a risk factor for development of ED, multiple
studies have found improvement in ED with TRT. Animal studies have
found improvement in nitric oxide (NO) synthase and erections after TRT
therapy.” In human studies, improvement in IIEF scores can be seen
after as little as 3-6 months of testosterone replacement therapy (TRT)
alone.?2?" This improvement in erectile function, along with multiple other
indices of sexual function (libido, ejaculatory function and bother), have
been found to improve quickly with TRT, and continue to improve for
12 months in an evaluation of 849 patients in a large multicenter registry.*

One study that evaluated patients’ response to TRT after maximal
titration of phosphodiesterase type 5 inhibitors (PDESI) found no
additional improvement, though patients were not significantly
hypogonadal, and these patients had good initial response to PDE5IS.?
In patients with LOH who have previously failed oral PDE5I therapy
however, TRT has been found to improve responsiveness to PDE5IS.?
Penile doppler studies have shown this is likely by improvement of
vasodilatory response to PDE5Is.?* This may save patients from being
advanced to more invasive ED management such as intracavernosal
injections and penile prosthesis placement. Evidence also suggests that
early TRT may help in post prostatectomy ED? (use in this population is
currently contraindicated). With this evidence, patients with refractory
ED should be evaluated for hypogonadism as evidence suggests there
is a clinical benefit to concurrent treatment.
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Effects on Metabolic Syndrome

Hypogonadism, due to LOH or androgen depravation therapy, has
been associated with an increase in adiposity, especially visceral fat,?
development and worsening of diabetes,? and dyslipidemia.?? The
connection between ED, diabetes and hypogonadism is so strong;
some authors have suggested that presence of two should drive
investigation for the presence of the third.? Obesity itself can induce
a secondary hypogonadism, feeding this cycle of worsening metabolic
syndrome and continued hypogonadism. There is some evidence TRT
may be able to interrupt this cycle.®?

As these markers of metabolic syndrome are associated with
hypogonadism, TRT has been found to improve these measures.®'
In a randomized controlled trial (RCT) evaluating TRT and metabolic
syndrome in 24 patients, TRT was found to improve fasting glucose,
HgA1c, waist circumference and total cholesterol.®? A similar RCT of
38 patients also found decreases in subcutaneous fat mass with TRT.
Not all studies have shown this effect however, a RCT in 26 men found no
difference in metabolic syndrome measures over a one year treatment
period.** While TRT is not a magic bullet against metabolic syndrome,
it is clear that there is interplay between metabolic syndrome and
hypogonadism in which TRT can likely play a positive role.®

Cardiac Health

Low testosterone has been associated with increased cardiovascular
disease (CVD) and decrease in the surrogate markers for cardiovascular
health. The Massachusetts Male Ageing Study (MMAS) evaluated 3518
men for over 17 years. Men with low total testosterone had a twofold risk
for all-cause mortality and CVD death.” A similar prospective population-
based study of 1954 men showed that low serum testosterone levels
were independently associated with an increased risk of all-cause
mortality and serum levels of testosterone were inversely related to
CVD mortality.* The Health in Men Study had similar findings; lower free
testosterone and higher LH levels were associated with CVD mortality.®”

Eveninyounger, middle-aged patients, higher testosterone is associated
with favorable cardiovascular risk profile (lower levels of triglycerides,
insulin, systolic blood pressure, and higher levels of HDL-cholesterol) in
two large meta-analyses.®° The first by Araujo and colleagues felt that
low endogenous testosterone was associated with increased risk of all
cause and CVD mortality however there was significant differences in
cohort selection and these may have played an effect on the results.®
The other by Haring et al delineated the data to exclude comorbidities
and showed a link between mortality risk and testosterone level even
when strictly adjusting for comorbidities.*®

Testosterone replacement has shown possible benefits from a cardiac
standpoint. A prospective study found an improvement in mortality
independent of comorbidities in 587 patients with type 2 DM followed
for 5.8 yrs. The mortality improved from 20 % in the untreated group to
9.1 % in the treated group.*’ Similar results were also seen in a study
from Seattle with 1031 men with a decrease in mortality from 21 % to
10 % with treatment over the course of the study.*> While improvements
in cardiac mortality have been seen in multiple population studies, the
effect of testosterone in patients at high risk of cardiac death has yet
to be studied in depth.

Not all studies have shown improvement though, an increase in

cardiovascular events with TRT was found in a study by Basaria et al.
while evaluating the effect of TRT in a frail population. The study was
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terminated early due increased cardiac events in the treatment arm.
Some providers reference this study as a reason to avoid TRT. But, there
were important differences in the patient populations that may account
for this. The treatment group had statistically significant higher rates
of hyperlipidemia, statin and antihypertensive use as well as trends
towards greater preexisting cardiovascular disease, hypertension and
hypertriglyceridemia. Due to these concerns, one should be wary about
drawing widely applicable conclusions from this study.*

Muscle Mass and Fragility

Frailty and decreases in muscle strength worsen as men age, a
process that is accelerated by changes in testosterone metabolism.
An evaluation of 1445 men as part of the Framingham Offspring Study
found that free testosterone was positively associated with physical
performance and decreased risk of developing limitation in mobility
and further worsening of mobility over a 6.6 year period.® These findings
were seen again in a study of 1586 patients who had an average of
5.3 years follow up which found association of low free testosterone
and frailty, this study also found a connection between this frailty and
all-cause mortality.*

TRT has been shown to reverse this to some extent. Dose related
increase in skeletal muscle mass and strength have been found in a
study of 44 hypogonadal men treated with testosterone.® This increase
in muscle mass is also accompanied by increased lipid oxidation,
improving overall lean body mass.* An RCT of 274 hypogonadal frail
men found not only increase in strength after six months of TRT, but
also increase in quality of life as well.”

While some question the clinical relevance of these increases in strength,
patients themselves find that these improvements are meaningful to
them and their daily living, especially in patients with limited mobility.*¢
Frailty and loss of strength is an important clinical issue in the aging
male, and studies have shown this process can be accelerated in
hypogonadism and slowed with testosterne replacement therapy.

Bone Health

Along with muscle loss and frailty, there is a concern for falls and
fractures in ageing populations. Multiple studies show that age related
bone loss is associated with decreased serum levels of circulating
sex hormones.®-*'? The Osteoporotic Fractures in Men Study (MrOS)
evaluated 1,469 men and showed older men with high SHBG and low
bioavailable testosterone have a higher risk of fracture (HR 2.1).2 The
Longitudinal Ageing Study Amsterdam (LASA) evaluated 623 men and
634 women aged 65-88 years and found that low levels of bioavailable
estradiol and testosterone were found to be associated with high bone
turnover, low BMD and higher risk of osteoporotic fractures in both
men and women.?

TheeffectofTRTonbonemineraldensity(BMD)issomewhatcontroversial
because two double blind, placebo-controlled studies with 237 and
39 patients found no changes in BMD with six months follow-
up.’** Each of these studies evaluated men who had very minor
hypogonadism, and treatment times were short. Even so, there
was evidence of suppression of bone resorption.® Longer studies
have shown much better results regarding improvement in bone
health. Three long term studies involving 99, 163 and 60 patients
respectively found improvements in BMD at follow up ranging from
12-42 months.®>7 In the largest of these, Wang and colleagues found
an increase in spine BMP by 3.8 % at 30 months which was statistically
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Table 1: Testosterone Replacement Therapy After Prostate Cancer Treatment

Author Year  Patient Number Treatment F/U (months)  Pre-treatment TT Post-treatment Outcomes
T
Agarwal et al.® 2005 10 RP 19 197 ng/dl 591 ng/mli No detectable PSA
Kaufmanetal® 2004 7 RP * 146 ng/ml 438 ng/ml No detectable PSA
Khera et al .8 2009 57 RP 13 255 ng/dl 459 ng/dl No detectable PSA
Morales et al.¥ 2009 5 EBRT 14.5 5.2 nmol/L 17.6 nmol/L All PSA <1.5, one
transitory increase
Sarosody et al.2 2007 31 Brachytherapy 36 188 ng/dl 498 ng/dl AllPSA <1,74 %
<0.1. one transient
increase
Pastuszak etal.® 2012 13 EBRT/ Brachy- 29.7 178 ng/dl 368 ng/dl Mean PSA rose

therapy

from 0.3 to 0.66, not
significant.

Overview of studies evaluating TRT in patients who have had previous treatment for prostate cancer. *length of follow up not reported for all patients. RP= radical prostatectomy.

EBRT= external beam radiation therapy. TT = total testosterone.

higher than what was seen at six months.*” These studies underline
the importance of testosterone’s role in osteoporosis and continued
therapy to reap the long term benefits of treatment.

Testosterone Replacement and Depression

The relationship between low levels of testosterone and depression is
significant in older men; up to 40 % of men with treatment-resistant
depression suffer from low testosterone.® A study of 3413 men from a
general population found that men with testosterone deficiency had
a higher symptom score, particularly regarding anxiety.>

Uncovering hypogonadism in the depressed patient is important
because of its implications for treatment. Many studies have shown
that testosterone replacement in hypogonadal men with depression
improves their symptoms, including five randomised, placebo
controlled, double-blinded studies.**¢ Patients in those studies showed
a significant improvement in depressive symptoms (as measured by
the Hamilton Rating Scale for Depression, HAM-D) with correction of the
patient’s hypogonadism.

Some excellent data also comes from the Testim Registry in the
United States (TRIUS), a large, pharmaceutical sponsored multicenter,
prospective, observational cohort registry, overall, 92.4 % of the 762
men demonstrated some level of depressive symptoms, with 17.3 %
having moderately severe to severe symptoms. Testosterone levels
and PHQ-9 (a validated self-report questionnaire) scores improved
significantly by three months and at 12 months PHQ-9 scores showed
a clinically meaningful mean improvement. Patients with moderately
severe to severe symptoms decreased to 2.1 % from 17.3 %.%* Other
studies have shown testosterone works synergistically with other
treatment modalities in treatment-resistant depression.*

Testosterone Replacement and Cognition

Sex hormones, including testosterone, play a protective role in cognition
and brain function. Studies of elderly men have reported a positive
association between free testosterone and a variety of cognitive tests
that assess verbal, visual and working memory. Visuospatial function is
positively associated with endogenous testosterone levels in at least
three different studies using three different assessment scores.6¢%66
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In one longitudinal cohort of 907 men followed for almost ten years,
higher baseline FT were associated with better verbal and visual
memory and processing speed.¢’

Several studies had shown declines due to androgen depravation
therapy (ADT) in executive functions and visuospatial abilities; however,
many of these have been inconsistent in their findings often suffering
from low sample size and inadequate controls.®® A recent prospective
longitudinal study with a relatively large population of nonmetastatic
prostate cancer patients and controls evaluated ADT effects on
cognition using 14 cognitive tests covering eight unique domains.
By 12 months, ADT users had small but significantly lower scores
in immediate span of attention, working memory and visuospatial
function compared to controls.®?

There are few studies examining the effect of TRT on cognition
in patients with LOH. Two studies consisting of 207 and 44 patients
followed for 6-12 months respectively and found no improvement in
cognitive functions.”®”"In the paper by Kenny et al., there was some
association between total testosterone at the end of the study and
improvement in visual attention and task switching (Trailmaking B)
suggesting there may be a slight beneficial effect of TRT”" The interplay
between hormones and cognition is likely complex and the benefits of
TRT on cognition are not yet fully elucidated.

Testosterone, PSA and Prostate Cancer

The effect of testosterone on prostate cancer is perhaps the most feared
potential consequence of TRT. Currently, a history of prostate cancer, or
current prostate cancer, is a contraindication for TRT and the use of
testosterone in these patients is considered ‘off-label’. Since Huggins
and Hodges' seminal work on the effect of castration on prostate
cancer, physicians have been leery that exogenous testosterone could
fuel prostate cancer development and growth.”2 Further studies then
demonstrated increase in prostate cancer growth and worsening
of symptoms in patients taking testosterone.”® What many of these
studies failed to differentiate was the difference between testosterone
supplementation in those who were castrate and those who were
hypogonadal. With a linear model of testosterone’s effect on the
prostate, there is little difference between the two, but with a saturation
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model, the difference between these two situations is very important.”
Morgentaler and colleagues suggested that prostate cancer cells, like
typical prostate cells, reach a saturation point beyond which additional
testosterone does not have added effect.” In this way, testosterone
metabolism within the prostate is not intuitive. Dihydrotestosterone
(DHT) supplementation has been found in a RCT to not increase the
intraprostatic concentrations of DHT even with significant increases in
serum DHT.”¢ A RCT of 44 patients comparing intraprostatic hormonal
levels found no increase in T or DHT concentrations after six months of
treatment despite appropriate serum increases in T.”7

As a surrogate for prostatic response to exogenous testosterone, PSA
has little response to TRT. A study of 187 patients over the age of 45
were followed for one year and found no significant change in PSA
with TRT.”® Khera et al. found in a review of the Testim registry that
PSA levels can rise with TRT, but only in patients who are severely
hypogonadal defined as T <250 ng/dL, and these patients experienced
only a modest rise in PSA of 0.32.7 In this same population, the
authors found no difference in PSA in patients who started with a
serum T of 250 ng/dL.&

Currently, testosterone has not been found to increase in the incidence
of prostate cancer development, in fact, prostate cancer incidence has
been found to be higher in patients with lower serum testosterone.?'
In patients on TRT a longitudinal study by Coward et al. evaluated PSA
trends and prostate cancer development in 81 hypogonadal men who
were followed for 36 months, and found minimal change in PSA and
age appropriate incidence rates of prostate cancer.®? A large systemic
review by Shabsigh et al evaluated 11 placebo controlled and 29 non-
placebo controlled randomized studies in patients with no history of
prostate cancer; there was no relation to development of prostate
cancer, Gleason grade or clinical stage.® Even in patients with PIN
on previous prostate biopsy, no significant increase in either PSA or
incidence of prostate cancer is seen with TRT.8

TRT after treatment of prostate cancer is perhaps the most
encountered question. In low risk prostate cancer without evidence
of residual disease, many patients who previously received treatment
for LOH are eager to restart medication. There is currently no evidence
that TRT causes the proliferation of microscopic residual disease
and increases recurrence rates. The previously mentioned systemic
review by Shabsigh also examined four papers with patients who had
prostate cancer, and found no increase in recurrence rates or disease
progression.® Surgical treatment of prostate cancer perhaps gives the
best way to monitor for adverse outcomes with TRT as PSA can easily
be followed as either detectable or not. Initial studies involving TRT
after radical prostatectomy (RP) involved only 10 and 7 patients.?>#
One of the largest studies by Khera and colleagues followed 57
men for an average of 36 months after RP and 13 months after TRT
initiation.®” None of these studies had any patients with detectable PSA
or recurrence at last follow-up.

Evaluating TRT effect on prostate cancer after radiation treatment is not
as easy as after surgery due to the complexities of following PSA after
radiation. There are few studies examining this question. A case series
of five patients who had a follow up of 14.6 months on TRT had only
one episode of transient increase in PSA and all PSA values remained
under 1.5 ng/ml.#¢ Sarosody et al. followed 31 patients for a mean of
five years on TRT who were 4.5 years after brachytherapy. There was
no progression of disease, and all patients had PSA <1 and 74 % were
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undetectable at last follow-up.®” Pastuszak et al. also found no increase
in PSA in 13 patients previously treated with either brachytherapy or
EBRT at 29.7 months of follow up.” These studies suggest that once
patients have concluded radiation therapy and concurrent androgen
depravation therapy, they are likely to be eligible to receive TRT, though
more studies are needed.

More recently, studies are under way evaluating TRT in patients with
known prostate cancer who have not been treated with any curative
therapy. Initial case studies tracked PSA in patients with low risk prostate
cancer (localized Gleason 3+3), and found no substantive change in PSA
with two years of follow up.”” While these studies are only preliminary,
they suggest that prostate cancer growth in the setting of TRT is not
rapid or uncontrollable. TRT in this setting should only be considered with
institutional approval in the setting of an approved study or protocol.

Current studies have shown that prostate cancer's response to TRT
within the physiologic ranges of testosterone is limited. One must be
careful though, as studies are plagued with low patient numbers and
short follow-up. While certain follow up periods may be adequate for
other cancers, longer follow up time is required for studies in prostate
cancer. While rapid disease progression has not been seen, long term
disease progression or development of prostate cancer has not been
rigorously studied. Because of this, use of testosterone in patients with
a history of prostate cancer is still contraindicated and its use in this
population is considered ‘off-label’. In an opinion paper by Kirby et al., it
was estimated that a study to determine whether TRT increases prostate
cancer risk would require 6000 patients to be treated with testosterone
or placebo for six years. Thus, the most important point we can take
away from these current studies is the need for national level studies.?%

Testosterone and Benign Prostatic Conditions
While practitioners are most concerned about TRT and its effect on
prostate cancer, some consider voiding dysfunction or BPH to be
a contraindication to TRT. As previously discussed, intraprostatic
testosterone does not increase with serum testosterone levels.””
Additionally, PSA has only been found to increase slightly in severely
hypogonadal patients with TRT.”? The saturation model of testosterone
and the prostate would suggest that benign growth of the prostate
should not be adversely affected by TRT.?

In men not taking exogenous testosterone, higher serum testosterone
levels have been found to be associated with lower incidence of
development of lower urinary tract symptoms (LUTS) over 20 years
of follow-up.” TRT has not been shown to increase growth of the
prostate, and in fact, in multiple studies it has been found to improve
LUTS, especially after taking into account the effect of comorbidities.
Initial case series found no relation between TRT and LUTS.” Larger
case series found improvements in LUTS, especially in voiding
symptoms.”?¢ Shigehara et al performed an RCT with 46 patients
evaluating the effect of TRT on IPSS, uroflowmetry and PVR and found
a significant decrease in IPSS.”?

Due to 5-alpha reductase inhibitors’ (5ARI) mechanism of action, one
might expect that TRT would interfere with BPH treatment, but recent
studies have found TRT also does not interfere with the action of 5ARIS.
Previously, in men not on TRT, serum testosterone has not been found
to relate to the effectiveness of Dutasteride.”® More recently, prostatic
volume still responds as expected with Dutasteride administration in
an RCT of 53 men with BPH.™

EUROPEAN ENDOCRINOLOGY



Benefits and Consequences of Testosterone Replacement Therapy: A Review

summary

An increasing body of literature is showing that testosterone plays an
important role in homeostasis and maintenance of bodily functions
as we age. LOH is a common consequence of aging and has been
associated with the development and progression of multiple
disorders. More importantly, studies find that much of this loss can
be reversed with TRT. Concerns about impact on the prostate appear
unfounded, especially in light of new paradigms about testosterone

metabolism in the prostate, specifically, the saturation model of

and providers.'> |

testosterone’s effect on the prostate. While no recent study has
found an association between TRT and prostate cancer incidence,
recurrence, or progression, these studies have relatively low patient
numbers and short follow-up for prostate cancer studies. Thus, TRT
is still contraindicated in this population. What are needed now
are large RCTs to definitively answer these questions for patients
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