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INTRODUCTION

Testosterone (T) is a powerful steroid hormone which affects almost all aspects of male
physiology—extending even to social, emotional and economic behaviour. Testosterone
deficiency (TD) can therefore have serious debilitating effects on the lives of the affected
man and his family, friends and colleagues. But the rapid increase in prescriptions over the
past decades is being debated globally across many disciplines and is attracting the
attention of the general public, journalists, lawyers, advocacy groups, medical licensing and
regulatory bodies. Intense debate carries on over cardiovascular (CV) risks and prostate
health, while an ever increasing number of men take this powerful androgenic and anabolic
drug, often in response to advertising targeting male consumers.

Unfortunately, upwards of 40% of men are receiving or obtaining T without a documented
biological deficiency and may be taking unnecessary risks.! This is a dangerous situation
that can be remedied by evidence-based practice, education and skilled guidance. This
important guideline document describes the standards that will help practicing physicians,
other health professionals and the general public to understand the physical, emotional
and behavioural consequences of TD and all the positive and undesirable effects of
available therapies. The Canadian Men’s Health Foundation (CMHF) will ensure that this is
a “living” document, one that will not become stale, but rather one that is regularly updated
as we continue to learn more about this important hormone.

This guideline represents a truly multidisciplinary range of specialists (clinical biochemists,
endocrinologists, family physicians and urologists) to ensure that the guideline was
representative and would reach a wide audience of health professionals.

The wider scope and target audience of clinicians includes Canadian primary care
physicians, general internists and internal medicine sub-specialties (endocrinologists and
geriatricians) and urologists. A further group of interest involves clinical biochemists,
psychiatrists, nurse practitioners and pharmacists dealing with men at and beyond middle
age with manifestations of testosterone deficiency syndrome (TDS).

DEFINITION

TDS, also known as late-onset hypogonadism (LOH), is a clinical and biochemical syndrome
occurring in aging men in association with advancing age.2 TDS is characterized by
deficient testicular production of T. It may affect multiple organ systems and can result in
substantial health consequences (Table 1).2-4

TD results from dysfunction along the hypothalamic-pituitary-gonadal axis (HPGA).2
Primary TD results from dysfunction predominantly at the testicular level; secondary TD is
due to abnormalities mainly at the hypothalamic or pituitary level.2> In older men,
hypogonadism often is secondary or mixed, as shown in Table 2.5 All components of the
HPGA are affected by the aging process, albeit to varying extents.® TD may also be
attributable to co-morbidities, environmental factors or certain medications.?
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Incidence and prevalence

Due to inconsistencies in published definitions, ages of study subjects and their associated
co-morbidities, and heterogeneity in laboratory methods, the incidence and prevalence of
TD are difficult to determine.27.8 There is a single Canadian cross-sectional study in a
limited, restricted population (316 physicians) that estimated the incidence at 25% based
only on a questionnaire and a single bioavailable-T determination.?

There are several large, longitudinal and cross-sectional studies done elsewhere that
variably estimate the prevalence from as low as 2.1% overall in a 40- to 79-year old
population from the European Male Aging Study (EMAS),” to a high prevalence of 50% in
men over 80 years of age in the Baltimore Area Longitudinal Study on Aging (BALSA).1° The
Massachusetts Male Aging Study (MMAS) reported a crude incidence rate of 12.3 per 1000
person-years and an overall prevalence of symptomatic hypogonadism of 5.6%.11.12
However, the prevalence was low in men under 70 years of age (3.1% to 7%) but increased
to 18.4% for those over 70.12 A similar large American investigation in men aged 45 years
and older found a higher overall crude prevalence of hypogonadism of 38.7%, and this
increased to 50% in men over 85 years.8

Significant cross-sectional studies carried out in other countries have likewise shown
substantial differences in incidence and prevalence. A Japanese investigation showed that,
depending on the cut-off values of free T, 27% to 43% of Japanese men aged 40 to 79 years
“are candidates for androgen replacement therapy” (although there was no evidence that
symptoms were considered).13 An evaluation of 734 Taiwanese men aged 43 to 87 years
reported a biochemical T deficiency of 16.6% (based on both total and free T values) but
only 12% demonstrated symptomatic androgen deficiency.# A Brazilian report on 1623
healthy military men reported a prevalence of 19.8% using only a single total testosterone
(TT) assay.!> Similar to other investigations, TT levels decreased with increasing age. A
smaller Brazilian study of men aged 50 to 84 years used calculated free T (cFT) and
diagnosed LOH in 25% of men with osteoporosis and in 12.2% of men in a matched control
group.16

Taken together, the incidence reported in the small group of Canadian men® falls within a
realistic range. However, not only can the conclusions of this lone Canadian study be
questioned, but likewise those of all other studies due to a variety of methodological issues
they share, including: 1. The heterogeneity of the demographics and the clinical
assessment; 2. The uncertainty about the most reliable laboratory test for T assessment; 3.
Assay variability and lack of validated reference ranges for T assays.1”

NEEDS ASSESSMENT

A needs assessment of practicing clinicians is an essential element in developing a clinical
practice guideline to address improvement in practice performance.18 The initial step in the
development of this guideline was to establish the existence of potential disparities
between what was expected to be the status of expertise among Canadian physicians, their
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actual familiarity and comfort with the management of TD, and the state of the art. In 2013
an intensive needs assessment was carried out among physicians across Canada regarding
TD.19 A total of 2,200 surveys were sent out in five waves to the target audience who were
primarily family physicians. There were 152 responders which was considered a
significant sample size for extrapolation to the larger population, with a confidence interval
of 95% and an error rate of 10% per 11,000 family physicians (Table 3). There was wide
national representation but the majority of responders were from Ontario, British
Columbia and Alberta, respectively.

Table 4 shows that 26% of physicians are not comfortable in dealing with the diagnosis of
TD. This potentially represents over 5,000 physicians across Canada who are uneasy with
the diagnosis and management of TD. It is of considerable interest that 61% of responders
(including a portion of those who considered themselves comfortable with the diagnosis of
TD) agreed to be a part of a follow up study following the release of the guideline (Table 5).
These data from the needs assessment would allow for follow-up related to an objective
assessment of the impact of the guideline on the target audience once the document is
published.

Another feature of the survey was the inclusion of multiple choice questions aimed at
determining the depth of knowledge of the respondents. The multiple choice questions
covered topics such as the prevalence of the condition and its clinical manifestations, the
causes of male hypogonadism, the selection of diagnostic biochemical tests as well as its
differential diagnosis and treatment. The answers were disparate and revealed that there is
a great deal of confusion and gaps among practitioners regarding the management of men
with suspected TD.

Since the needs assessment survey was conducted, two publications have corroborated the
need for an increased effort in educating physicians on the basics of the management of
hypogonadism in men. Researchers at the Institute for Clinical and Evaluative Sciences and
Toronto’s St. Michael’s Hospital found that one in every 90 men over age 65 is being treated
with testosterone replacement therapy (TRT) but only six per cent have a conclusive
diagnosis of hypogonadism.2? These findings are further validated by a large, long-term
study conducted in both the United Kingdom and the United States showing that up to 40%
of men obtain T therapy without laboratory documentation TD.! These are consistent,
reliable and, indeed alarming statistics.

To further compound the problems confronting physicians dealing with men’s health there
has been intense and unsettled controversy about T use and CV health. In January 2014, the
FDA announced its intention to investigate the risk of stroke, heart attack and death in men
taking FDA-approved T products.?1 In June 2014, the agency stated that they will require
manufacturers to include a general warning about the risk of thrombo-embolism on the
labeling of all approved T products.22

In July 2014, Health Canada publicized the initiation of a safety review to evaluate the
currently available information regarding the possible CV risk associated with the use of T
products.23
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In summary, confusion about diagnosis of TD, inappropriate use of TRT, and recent reports
of potentially increased risk of serious side-effects with the use of TRT demonstrate a
significant need for guidance of health professionals in this area.

METHODOLOGY

The Canadian Men’s Health Foundation (CMHF) sponsored the creation of a
multidisciplinary group, the Canadian Men's Health Foundation Multidisciplinary
Guidelines Task Force on Testosterone Deficiency, (the Task Force) to develop a clinical
practice guideline for the management of TDS in adult males, based on the results of a
needs analysis survey sent to Canadian physicians. The chair and co-chair were selected
and assembled a panel of experts that met to identify and draft recommendations to
address important clinical questions.

The Task Force authors’ group met to identify guideline sections and writing
responsibilities, in accordance with their clinical or laboratory knowledge, practice and
expertise. There were two authors with primary responsibility for writing each section.
The authors of each section proposed clinical questions phrased according to the PICO
(Patient, Intervention, Comparator and Outcome) format and following the GRADE
approach for evaluation of the evidence and development of the recommendations.242¢ The
Task Force worked independently of the CMHF.

A librarian with recognized expertise, affiliated with the DeGroote Institute, McMaster
University, Hamilton, Ontario, conducted a systematic search of MEDLINE, EMBASE,
CENTRAL and PubMed for clinical trials, observational studies, using key words related to
the topic with the aid of a Task Force endocrinologist (PM). The search was conducted in
December 2013 and updated in April 2014. Reports from meta-analyses, practice
guidelines, clinical conferences and major reviews were also examined, and publications
were hand-searched for additional references. Individual authors sent alerts for pertinent
papers that might have been published subsequent to these dates and during the writing of
the guideline. The systematic review of the available evidence was complemented by an
independent pharmacist proficient in literature searches. The search start date was
January 2009 as the most recent comprehensive guidelines were published by the
Endocrine Society in 2010.25 From the literature search, 430 articles were used in this
review, as shown in Figure 1. Most of the relevant articles were published before 2009, and
60 of the articles used were from the December 2013 and April 2014 literature search.
Section authors were sent alerts by the librarian after April 2014 only if high quality data
relevant to their sections were published subsequent to the completion of the systematic
review. The literature search was updated and reviewed to April 2015 while the document
was under editorial assessment by the Journal and in response to reviewers’ comments.

Sections of the guideline, the recommendations, and the evidence for the recommendations

which were guided by the Task Force authors formulating their own key clinical questions,

were presented by the Task Force group at two separate all day authors’ meetings for
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review and comments. The Task Force adopted consistent language, as recommended by
the GRADE Working Group?26. The strength of the recommendations (weak or strong) is
based on the quality of the supporting evidence, the level of uncertainty between desirable
and undesirable clinical effects or diagnostic reliability and therapeutic preferences.
Strong recommendations are indicated by the phrase “we recommend,” while weak
recommendations are indicated by the phrase “we suggest.” The quality of the evidence
relied on the appraisal as to the likelihood that additional research will modify a
recommendation. It was rated as very low, low, moderate or high quality. Authors
provided the preliminary grading and consensus on the recommendations was obtained
using the Delphi process??. Revised sections were available to all authors for review, and
were merged into a single draft document that was circulated to all authors for initial and
final review. We also followed the AGREE Il recommendations for guideline development.28

All members of the working group complied with the International Committee of Medical
Journal Editors policy on conflicts of interest that requires disclosure of any financial or
other interests that might be construed as constituting an actual, potential or apparent
conflict.2?

HISTORY AND PHYSICAL EXAMINATION, SCREENING/DIAGNOSTIC QUESTIONNAIRES

Diagnosis

T concentrations decrease with advancing age.”.10.1430,31 The manifestations of TD are not
specific, they vary in onset and severity and need not all be present to reach a diagnosis.3?-
34 Sexual symptoms and fatigue are the earliest and most common presentations.”.32.35

Zitzmann and colleagues evaluated psychological and somatic complaints in older men in
relation to their T level (grouped by sextiles for statistical power purposes [between “less
than 8 nmol/L” to “equal to or greater than 20 nmol/L"]).3¢ They found no evidence to
support a T threshold for symptom appearance. Loss of libido or vigour appeared in some
men at T concentrations of less than 15 nmol/L, and the prevalence increased with
decreasing T concentrations. At the other end, hot flushes and erectile dysfunction were
observed at T concentrations of less than 8 nmol /L. Other symptoms (depression, sleep
alterations, poor concentration) and metabolic disorders (type 2 diabetes mellitus, obesity)
were seen at intermediate T concentrations of 9 and 12 nmol/L.

The manifestations of TD are not specific and frequently subtle’3¢ and may be affected by
factors such as age, general health, co-morbidities, and medications.3>37 TD can also occur
secondary to systemic illness and environmental factors.11 Patient history is therefore an
important component in the diagnostic process and it can contribute additional
information in the presence of symptoms that may appear non-specific. The signs and
symptoms associated with TDS are presented in Table 1, and associated patient history
features are listed in Table 6. Although not explicitly included in the table, a high index of
suspicion is important in men with a decline in sexual activity and desire with or without
decrease in the quality of their erections,38 unexplained sarcopenia,?? and obesity without
other components of the metabolic syndrome.*?
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Physical examination

The physical examination bears similar shortcomings much the same as the history, mainly
due to lack of specificity. Gonadal atrophy may be present as well as a decrease in pubic
and facial hair. A decrease in muscle mass and increase in visceral fat may also be present.
The sequela of osteoporosis becomes evident only when the hypogonadism has been
present for long periods.”32 33 None of these findings, alone or in combination are sufficient
to make a diagnosis of TDS. However, the history and results of the examination collectively
would make a strong case for the presumptive diagnosis of the syndrome.

Screening

In order to facilitate the diagnosis of TD, a number of screening questionnaires have been
developed to identify men with low T. The most widely known are the St Louis University
Androgen Deficiency in the Aging Male (ADAM) questionnaire,*! the Aging Male Survey
(AMS)#2, and the screener used in the Massachusetts Male Aging Study (MMAS).43 In
various populations of men aged 23 to 85 years, these tools have demonstrated high
sensitivity (60% to 97%) but low specificity (18% to 71%).4448 The specificity was
consistently lower in multi-questionnaire comparisons (18% to 59%).4546

In an effort to improve the usefulness of questionnaires, several variations have been
introduced. A quantitative ADAM questionnaire (QADAM) has been developed,*? and the
ten questions from ADAM have been included in a symptom inventory (PADAM) used in
Sweden.>? In Germany, a new ‘Hypogonadism Related Symptom Scale’ (HRS) has been
developed and recently validated.>152 The New England Research Institute developed and
validated a 25-item hypogonadism screener (HG Screener) with acceptable psychometrics
for clinical or research use,>3 and an Italian group developed and validated a 12-item
interview [ANDROTEST] for men with sexual dysfunction.5*

The AMS, ADAM and MMAS questionnaires have demonstrated low specificity. In addition,
they have appeared to be more strongly influenced by patient age than by T levels, as
shown by several investigators.34 48 These issues, plus the lack of broad acceptance of the
new questionnaires, limit their usefulness as screening tools for TD. Despite their economy
and ease of administration, their availability on the internet and the opportunity they
provide patients to self-diagnose, they cannot be relied upon in the absence of
confirmatory history, physical findings and laboratory evaluations.

Finally, the clinical diagnosis of TDS can be challenging because the clinician frequently
faces a situation where in the presence of symptoms the laboratory results remain
inconclusive. Thus it has been suggested that in the presence of a convincing clinical
picture but uncertain laboratory results, a therapeutic trial (3 months) is an acceptable
diagnostic approach.5> This concept was later advanced by Morley>¢ who proposed that a
conclusive diagnosis of TDS requires the triad of symptoms, low T levels and a positive
response to treatment.
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BIOCHEMICAL INVESTIGATION
Determination of Total Testosterone

Immunoassay

TT is generally measured by automated immunoassay (IA).>” Comparison studies and
results from external quality assurance (EQA) programs demonstrate significant bias and
inadequate repeatability for most IAs, to the extent that they do not meet the current
clinical performance goals.>8-64 Until such time that T analysis is accurate and repeatable by
all commercial methods, replicate analysis of a sample from a given patient may be
required to reliably determine their homeostatic set point relative to method-specific
reference interval.

Mass spectrometry

IA results may be inconsistent with the patient’s clinical presentation. In these cases,
determination of TT by liquid chromatography and tandem mass spectrometry (LC-
MS/MS), where available, is recommended.®>66 Analysis by another method involving
chromatographic sample preparation could be considered, but these alternate preparation
methods are currently not available in Canada.

Several reference laboratories in the US and Canada now offer TT by LC-MS/MS which,
when properly validated, produces comparable results to TT reference methods.67.68 As LC-
MS/MS is not yet widely available in Canada, for many sites its use is presently limited to
the investigation of problem cases.

Accuracy and measurement uncertainty

The US National Institute of Standards has standardized reference material (NIST SRM
971) to facilitate TT method traceability. Additionally, the US Centre for Disease Control
and Prevention (CDC) offers a Hormone Standardization (HoST) program.®® As of May
2014, one commercial IA and eight LC-MS/MS assays have achieved CDC certification.”?

We recommend that commercial TT assays should be CDC certified and all methods
(commercial or in-house) traceable to an internationally recognized standardized
reference material such as NIST SRM 971.

In order to meaningfully apply published diagnostic decision limits, the accuracy of the
local laboratory’s method must be established. Accredited laboratories are required to
provide the analytical measurement uncertainty of results (ie, 95% CI) upon request.

Testosterone Subfraction Analysis

Free testosterone
Measurement of free testosterone (FT; 2% of TT) employing equilibrium dialysis or
centrifugal ultrafiltration is theoretically the best measure of tissue exposure to T. Because
these methods are labour-intensive and time-consuming, they are available only in a few
US-based reference laboratories at this time.”?
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Analog free testosterone
Analog-based “direct” FT methods are inaccurate and are not recommended.”275

Measured bioavailable testosterone

“Bioavailable” testosterone (BAT; 47% of TT; equal to the sum of FT plus albumin-bound T)
is performed by measuring T after “selective” precipitation of sex hormone-binding
globulin (SHBG) and its bound T using 50% ammonium sulphate. This approach is offered
by a small number of laboratories in Canada. It is a manual process and is labour intensive
and temperature sensitive. Also, it may be prone to intermethod biases caused by the
precipitation reagent.>7.76

Calculations

Calculated free testosterone and bioavailable testosterone

cFT and calculated BAT (cBAT) use empirically-formulated equations or those derived
from the law of mass-action.”7-81 Mass-action calculations use approximate affinity
constants and assume that SHBG concentrations are a suitable surrogate for bound T.81.82
Although between-laboratory comparisons of cFT and cBAT results are poor, these
calculations have the advantage of being inexpensive and widely available.81

cFT and cBAT require extensive evaluation specific to the methods employed. They require
either optimization of empirical constants to yield results matching measured FT or
BAT,8081 or reference interval (RI) determination that is specific to the TT and SHBG
methods.8! Sartorious et al. have shown that there is significant variability in calculated
results using different formulae.”8

Free androgen index

The correlation of “free androgen index” (FAI = T / SHBG) to FT is poor, except in situations
where the molar concentration of SHBG is much higher than that of TT. Therefore, FAI may
be a useful tool in women and children, but cannot be recommended for adult men.8183

Future tools
Salivary T is an approach that may gain popularity based on its ease of multiple sample
collection and as reliable methods become more readily available.84-86

Ancillary diagnostic testing

Elevations in luteinizing hormone (LH) and follicle-stimulating hormone (FSH) are used to
identify secondary/tertiary forms of hypogondism. It should be remembered that TD may
be caused by a combination of primary and secondary causes.87

Other investigations (and endocrine or other causative disorders) that may be appropriate
include: prolactin (prolactinoma); HbA1c (diabetes and the metabolic syndrome); ferritin
and transferrin saturation (hereditary hemochromatosis); TSH (hypothyroidism); CBC
(anemia); creatinine (chronic kidney disease); ALT and ALP (liver disease); BNP or NT-pro-
BNP (congestive heart failure) and urine opiate drug screen(s) (narcotic abuse).2.87.88
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Patient preparation and population-specific issues

TT results may be affected by: time of collection, fasting, choice of collection tube, obesity,
acute and chronic illness (due to alterations in albumin and SHBG), cross-reacting patient-
specific metabolites, and drugs.89-92

Related Issues

Reference intervals

There are numerous challenges in the validation of reference intervals (RIs), including: the
identification of suitable volunteers; the requirement for large cohorts with a wide range of
ages; and the constraints of time and cost.?3 Inadvertent inclusion of subfertile men (5%
prevalence), or failure to consider confounding issues such as age, diurnal rhythms or body
mass index (BMI) can result in inappropriate RIs.61

[t remains controversial whether the observed age-dependent declines in TT should be
considered a normal phenomenon and reflected in RIs.94-96

Monitoring
TT results within an individual will vary within + 18.6% (95% CI) of their homeostatic set
point. Thus, a change in TT of approximately 30% is required to be considered statistically
significant.?”

Summary
e The technical challenges of TT determination have been highlighted for more than a
decade.

e Accurate determination of a patient’s current homeostatic setpoint by measuring TT is
the starting point for clinical evaluation of possible TD.

e A change of 30% or more in TT results between two appropriately timed, serial
collections in a single patient is required to declare the results significantly different.

e Commercial T assays should be CDC certified and all methods (commercial or in-house)
traceable to an internationally recognized standardized reference material such as NIST
SRM 971.

e CFT, cBAT, FT and BAT depend on accurate TT determination and are subject to
numerous additional sources of analytical error, therefore these approaches should be
considered and employed secondarily.

TREATMENT OPTIONS

The goal of TRT is improvement in symptoms and achievement of eugonadal levels of T,
approximately in the mid-normal range for healthy young men (14 to 17.5 nmol/L).%8 The
Endocrine Society guidelines recommend a similar mid-normal range for TT (400 to 700
ng/dL [14 to 24 nmol/L]).25 Because there are large inter-individual variations, symptom

Appendix to: Morales A, Bebb RA, Manjoo P, et al.; Canadian Men's Health Foundation Multidisciplinary Guidelines Task
Force on Testosterone Deficiency. Diagnosis and management of testosterone deficiency syndrome in adult men: clinical
practice guideline. CMAJ 2015. DOI:10.1503/cmaj.150033. Copyright © 2015 8872147 Canada Inc. or its licensors



12

improvement should be the primary objective and higher or lower serum T concentrations
may be acceptable in patients with a positive response to treatment.?®

Testosterone products available in Canada

There are a number of T products approved for human use in Canada. These can be
identified by searching the Drug Product Database Online Database Query section of the
Health Canada website (available at: http://webprod5.hc-sc.gc.ca/dpd-bdpp/index-
eng.jsp). This Health Canada site also provides official product monographs for many of
these products, and these have been included in the reference section.100-109 Please consult
the respective product monograph for complete safety and prescribing information.

The available TRT products in Canada include short-acting injectable T (T enanthate, T
cypionate and T propionate), oral T undecanoate, transdermal T patches, transdermal T gel
1% (hydroalcoholic gel, and hydroalcoholic gel with pentadecalactone), axillary
transdermal T solution 2%, and compounded T creams. Intramuscular T propionate is used
infrequently and will not be mentioned further in this document.110 Compounded T
products are available at many compounding pharmacies in Canada, but there are no
published data on the safety and efficacy of compounded T products.

The choice of a product for TRT should be a topic of discussion between the physician, the
patient, and possibly also the patient’s caregiver. Factors affecting this choice include
safety, efficacy, tolerability, availability, preference and cost.2>111

A brief description of the benefits and disadvantages of available products is provided in
Table 7. Table 8 presents an approximate monthly cost for these products. The following
sections provide additional product information.

Oral testosterone capsules

T undecanoate is available in oral form. The recommended product monograph dosage is
120 to 160 mg daily in two divided doses. A 12-month randomized trial of different doses
observed a dose response with regards to positive effects on body composition and bone
mineral density (BMD), and the highest daily dose in this study was 240 mg (taken with
meals three times a day).112 Oral TRT is convenient, but the bioavailability of this product
when taken in the fasted state is minimal. Oral T undecanoate must be taken with food; the
bioavailability is 7%.113.114 Previously, the use of oral methyltestosterone (a 17-alpha
alkylated steroid) has been associated with liver damage.!1> Although monitoring liver
function has been recommended in men taking oral T undecanoate (a 17-beta androgen), a
ten-year study was unable to detect liver abnormalities in 33 men.116

Intramuscular injection

T intramuscular injections are effective at restoring T levels. However, earlier

investigations administering mixed T esters identified high peaks postinjection and low

troughs prior to the next injection.117-119

The peaks tend to be at supraphysiologic levels and the troughs can be subphysiologic, and

these may adversely affect the patient’s mood, energy level, sexual function and sense of

wellbeing.110 Pharmacokinetic studies of biweekly injections have shown T enanthate and
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T cypionate produce T levels above normal for several days during the first week following
the injection.120.121 [t appears appropriate to measure the T serum level midway between
injections.2>

Transdermal patch

Long-term studies have shown that daily application of the T transdermal delivery system
(or ‘patch’) can restore physiologic levels of T in the majority of patients.122.123 The
recommended starting dose is one 5 mg or two 2.5 mg patches applied nightly, to
normalize morning serum T levels.122 The patch is visible, which may not be desirable to
some patients. Each patch needs to be placed on a non-weight bearing area, the location
must be changed daily to minimize skin irritation, and there should be an interval of 7 days
between applications to the same site.? Skin irritation is common, and was observed in
66% of men in one comparative trial, and was responsible for 15% of men in another trial
discontinuing treatment.12¢ The incidence of skin irritation and the incidence and severity
of local skin reactions may be reduced by pretreating the site with a topical corticosteroid
cream, or by applying the cream to the site after the patch is removed.??.125

Transdermal gel

Two transdermal T 1% hydroalcoholic gel products are available in Canada for TRT. Both
products recommend a starting dose of 5 g, applied in the morning to the intact skin of the
shoulders and/or upper arms [hydroalcoholic gel with pentadecalactone] or the shoulders
and upper arms and/or abdomen [hydroalcoholic gel].

The long-term administration of T hydroalcoholic gel was investigated in 227 hypogonadal
men randomized to 50 mg or 100 mg per day or a T patch.126 After 90 days, the dose was
adjusted based on the day 60 T level. The 100 mg dose was reduced for 29% of men, and
the 50 mg dose was increased for 30% of men, and no man required a dose higher than 100
mg.

Baseline information in a registry database of hypogonadal men treated with
hydroalcoholic gel with pentadecalactone showed the majority of men (over 86%) started
treatment with the 5 g dose. After 12 months, one-third of 242 men younger than 65 years
old and approximately one-quarter of men age 65 and older were using the higher (10 g)
dose, equivalent to 100 mg daily.127 Although the investigators commented that the
product was well tolerated, the unique scent of pentadecalactone has been provided as a
reason for discontinuing treatment by a small number of men in clinical trials.128129

An early investigation determined T bioavailability from the 1% hydroalcoholic gel
formulation was 9% to 14%.130 This is reflected in the recommended starting dose of 5 g,
which will deliver approximately 50 mg of T to the skin’s surface, and approximately 5 mg
(10%) systemically.

Pentadecalactone is an emollient that enhances the absorption of T from the hydroalcoholic
gel. In a pharmacokinetic investigation of the hydroalcoholic gel and the hydroalcoholic gel
with pentadecalactone, it was found that the T maximum concentration (Cmax) and 24-hour
exposure (AUCo-24) were 30% higher with the pentadecalactone product, and the standard
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bioequivalence confidence intervals exceeded the range for equivalence.131 Therefore,
these two products are neither bioequivalent nor interchangeable. This difference was
confirmed by Grober and associates who observed improved clinical and biochemical
responsiveness in men switched to the pentadecalactone product after being
nonresponsive to the regular hydroalcoholic gel.132

These products are generally well tolerated, but application site reactions have been
reported in up to 6% of men.133-135 For monitoring, most men exhibit steady state levels
after the first week of daily application of the product, and midmorning sampling for T
determination is appropriate.?®

Transdermal solution for axillary application

A 2% T topical solution administered with an applicator to the axillae was developed to
overcome issues with other TRT products: to reduce the skin irritation associated with T
patches; to reduce the large application area for gels; to minimize the likelihood of T gel
transfer through skin contact; and to avoid using the hands to apply a topical T product.13¢
A phase 3 trial in 155 hypogonadal men showed the product was well tolerated and most
skin reactions were mild or occasionally moderate in severity.137 Efficacy data from the
same open-label trial showed 84% of the 138 men completing the study achieved T levels
within the eugonadal range.13¢ Dose data showed 135 men initially applying the
recommended starting dose of 60 mg (2 pump actuations) per day had their dose increased
at four months to 90 mg/day (19% of men) and 120 mg/day (7% of men), or reduced to 30
mg/day (2% of men). Serum T levels should be assessed 2 to 8 hours after administration,
and after at least two weeks of regular usage.?® An underarm deodorant or antiperspirant
may be used before or after applying the topical solution as these have no significant effect
on T absorption. However, if a “stick” or “roll-on” type of product is used, it should be
applied prior to using the solution to avoid contamination of the stick or roll-on product.136

Safety considerations

Transdermal T gel and axillary T solution can be transferred to others who come into
contact with these products following application.138 [t is recommended that after
application, a shirt be put on to prevent transfer. Children and pregnant women should
avoid direct contact with the gel. With exposure, virilization may occur in children and
fetuses.138139

In order to identify adverse effects related to TRT, a systematic review and meta-analysis of
T trials was conducted.14? Data from 51 studies showed T administration was associated
with significant increases in hematocrit (Hct) and hemoglobin (Hgb), and a decrease in
HDL-cholesterol. Other important findings were that T had no significant effect on CV or
prostate outcomes, or on mortality.

The clinical trials leading to the development of these products have identified adverse
events in hypogonadal men, and these are listed in the respective monographs for each
product. The reader is referred to them for product-specific adverse event information.
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ALTERNATIVE AND COMPLIMENTARY TREATMENT FOR TD

With the diagnosis of TD, if deemed appropriate and warranted, treatment would be
initiated to correct the hormone deficiency. Most often, treatment would involve T
replacement. The specific treatments available are outlined in the section Treatment
Options.

In men with preserved testicular function, human chorionic gonadotropin (hCG) can be
used to stimulate testicular T production. This was demonstrated in a 30-year-old man
with delayed puberty and infertility.141 A Japanese study in 21 men with TD showed
significant increases in T following treatment for between 8 and 24 months.142 However,
hCG must be administered intramuscularly, usually three times weekly and on a cyclic
basis, and is approved in Canada for men with prepubertal cryptorchidism (not due to
anatomical obstruction) or selected cases of hypogonadotrophic hypogonadism.143

In men with hypogonadotropic hypogonadism, T administration may produce
androgenization, but fertility requires a gonadotropin or gonadotropin-releasing hormone
(GnRH).144 Pulsatile subcutaneous administration of GnRH with an infusion pump can
restore T levels in most men, and an intact HPGA is required.14>146 GnRH is available in
Canada, but is not approved for use in men.14”

Exogenous T suppresses the feedback mechanisms of the HPGA, resulting in impaired
spermatogenesis.148-150 [n younger men with TD and desiring fertility, one could administer
either HCG, GnRH or clomiphene citrate (CC).148-150 CC is a selective estrogen receptor
modulator that promotes testicular spermatogenesis and increases T levels by blocking
estradiol feedback at the hypothalamus, thus increasing pituitary release of LH and FSH.150
Potentially, CC could be used until conception occurs, then treatment changed to TRT if
fertility was no longer an objective. CC is administered orally every second day, and is
currently approved in Canada only for ovulation induction.151

There has been an increased interest in the serum testosterone:estradiol ratio that might
be more important than the respective individual hormone levels in some of the
manifestations of TD. The possibility has been raised of increasing T levels in men with
TDS, particularly those with secondary hypogonadism, by using aromatase inhibitors. At
present there is no convincing literature to recommend their use for this indication. In
theory, however, such treatment could circumvent some adverse effects of T
administration but also prevent the positive effects of T treatment in the prevention of
bone loss.

Phosphodiesterase type 5 inhibitors (PDE5-Is) are generally successful in treating men
with erectile dysfunction (ED), but 30% to 35% of men are nonresponders, and the
nonresponse rate is higher in men with diabetes and in postprostatectomy patients.152-154
TD reduces the clinical response rate, and this has been confirmed by a study in 162 men
aged 60 years or older.155
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Several investigators have evaluated the addition of T treatment to PDE5-I monotherapy in
hypogonadal men with ED failing PDE5-I monotherapy.152153.156 [mprovements were
reported with after 4 and 12 weeks of combination therapy, appeared greater in men with
lower baseline T levels, and were not maintained after discontinuing T.

Greenstein and associates used topical T gel to normalize total TT and BAT in 49
hypogonadal men with ED; an oral PDE5-I was added to the T monotherapy for the 17
nonresponders, with good results.1>7 Rosenthal and colleagues also used topical T gel to
normalize serum T (at 4 weeks) in 24 men with ED and a baseline serum T less than 400
ng/dL who had failed previous PDE5-1 monotherapy.158 None of the men had regained
potency at 4 weeks. The addition of a PDE5-I for 16 weeks improved erection quality and
potency in 92% of the men.

Two meta-analyses have been published evaluating combination therapy (T plus a PDE5-I)
in hypogonadal men failing monotherapy.15415% Combination therapy appears effective in
treating men with serum T less than 300 ng/dL. In comparative studies of PDE5-Is, efficacy
and adverse events were not different between the agents. The available studies have
limitations in methodology and reporting, and there is the need for well-designed studies
to identify the target population, the T cut-off, the duration of therapy and the optimal
doses.

We have not discussed T-like substances or T “boosters” or other over-the-counter
substances or supplements for which there is little published literature or scientific
evidence. An additional electronic database search identified a small number of clinical
trials and reviews addressing sexual dysfunction, but no literature specific to men with TD.

A variety of herbal or plant-derived products have been marketed as T-like substances or T
“boosters” for the treatment of sexual dysfunction in both men and women. An early
review concluded that “modest empirical support” existed for a small number of products,
but there was a lack of well-designed trials of safety and efficacy.160

More recent studies have focused primarily on the treatment of men with ED. Investigators
have determined benefit by using scales and questionnaires and measuring changes in
these tools. The International Index of Erectile Function (IIEF) and shorter versions (eg,
[IEF-5), rather than changes in T levels have been used to assess efficacy.161-166 One
investigative group used the Ageing Males’ Symptoms (AMS) Rating Scale and serum T to
identify patients with LOH and to assess their response to treatment,16” and another group
used changes in AMS, IIEF, and other questionnaires and serum T to assess benefit.168

Korean red ginseng was compared against placebo in a 12-week, double-blind study in 60
men with ED.161 The mean age of participants was 52.6 years. T was initially within the
normal range and was unchanged after treatment, and changes in IIEF-5 demonstrated
significant ED improvement in the treatment group.

A patented formulation containing extract of pine bark was compared against placebo for
the treatment of mild-to-moderate ED in two investigations in men aged 30 to 50 years;
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their TT levels were within the normal range before treatment.163.166 A randomized,
placebo-controlled crossover trial in 50 men showed IIEF-based improvement in their ED
and a 21% increase in TT after 30 days in the active-treatment group.16¢ Results from a 6-
month randomized placebo-controlled trial showed a significant difference in IIEF score
favouring treatment at 3 and 6 months, and a 19% increase in TT at 6 months in the 54 trial
completers in the treatment group.163

A water-soluble extract of Tongkat ali (Eurycoma longifolia Jack), a herbal remedy found in
South-East Asia, is a traditional medicine used to enhance sexuality and fertility.16° In a 9-
month open label trial of Tongkat ali extract 200 mg daily in 350 men with idiopathic male
infertility, 3-month semen analysis in 75 subjects showed significant improvement in
sperm concentration and in normal sperm morphology. Changes in levels of T were not
included in the analyses. Spontaneous pregnancy was reported in the partners of 11 of the
75 men. The investigators suggested further studies of this product for the treatment of
male infertility.

In a retrospective analysis using the same dose and conducted with data from men with
LOH (based on AMS score and serum T less than 6 nmol/L) and visiting the same clinic in
Malaysia, investigators evaluated changes after one month of treatment.167 Mean serum T
concentrations increased from 5.66 nmol/L to 8.31 nmol/L, a 47% increase. The
percentage of men with serum T in the normal range increased from 36% to 90%, and
changes in the AMS scores also showed significant changes.

Slightly different results were obtained in two company-sponsored, 12-week, double-blind,
placebo-controlled studies: in men between 30 and 55 years old with normal serum T;162
and in men aged 40 to 65 years old with T levels at or below 450 ng/dL.168 The first study
administered placebo or a freeze-dried extract equivalent to 300 mg daily of the herbal
extract.162 Domains within the quality of life assessment (SF-36) and within the sexual
well-being (IIEF) questionnaires showed significant differences versus placebo, but the
total scores of the questionnaires were not statistically different. Analyses of hormonal
profiles from 103 of the 109 randomized subjects showed no changes or differences to
placebo in total or FT at week 6 and week 12. The second study administered placebo or
200 mg of the herbal extract combined with 100 mg of Polygonum minus, a herbal
described as having antioxidant properties.168 Four of 30 subjects withdrew from the
study. Changes in AMS and two of three sexual dysfunction endpoints favoured treatment
at 12 weeks; AMS and one other endpoint showed a significant benefit at 6 weeks. Baseline
TT was 359.23 ng/dL in the active treatment group, and increased significantly by 10% at
week 6 and week 12, with FT showing a significant 4% increase from baseline. In the
placebo group, TT showed a smaller but significant increase at week 6 (8%) and week 12
(4%) from the baseline level of 308.47 ng/dL, and FT decreased significantly by 20% at
week 6 and by 30% at week 12.

The impact of Tribulus terrestris, a herb found in the southern temperate zones of Europe
and elsewhere, on ED and serum T levels has been assessed in two prospective, placebo-
controlled randomized trials.164165 [n a 30-day trial in 30 men aged 40 and older, serum T
and IIEF-5 score were not different before and after treatment, and serum T was not
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different between the treatment groups.16* A multi-ingredient supplement containing T.
terrestris was administered to men aged between 25 and 50 in a 12-week trial.16> The
product was well tolerated with a statistically significant improvement in the primary
endpoint, [IEF-EF domain, while serum T levels did not change significantly in the 62
subjects for whom data were available. Participants in both trials had serum T within the
normal range at study entry.

A multi-ingredient product containing T. terrestris with an antioxidant (from Ecklonia
bicyclis), D-glucosamine and N-acetyl-D-glucosamine was compared with a PGE-5 inhibitor
in a 2-month, double-blind randomized controlled trial (RCT) in 70 men over 60 years of
age.170 Changes in IIEF scores showed a significant improvement in libido with the active
treatment. Unlike the two T. terrestris monotherapy trials, the levels of TT and FT showed
substantial and statistically significant increases, and the investigators claimed this effect
was due to the androgen-mimetic properties of a steroidal saponin ingredient of T.
terrestris. The investigators did not suggest a comparative trial using both PGE-5 inhibitor
and TRT.

Two systematic reviews have recently assessed Tribulus terrestris and Eurycoma longifolia
Jack.171172 The interpretation of available study results are limited by a lack of clarity
regarding randomization and blinding, appropriateness of the endpoint, and small study
size due in part to dropouts.17! Other limitations are due to the inclusion of T. terrestris as
part of a multisupplement combination, poorly defined treatment dose and duration, broad
subject eligibility criteria, and the quality of the findings.172 Additional research is required.

OBESITY AND BARIATRIC SURGERY

The association between obesity and hypogonadism is well recognized.#0. 173 A Canadian
study documented an inverse correlation between total T and body, visceral and
subcutaneous fat as well as waist circumference.l’# The effect of T administration in body
composition (decrease in fat and increase in lean body mass) has been addressed in
another section (see Diabetes Mellitus and Obesity).

Weight loss strategies based on a diet, exercise and other lifestyle changes frequently offer
only temporary results. Bariatric surgery on the other hand, results in more consistent and
long-term weight loss and translates in improvement and resolution of complications of
obesity such as hypertension, dyslipidemia and sleep apnea. An increasing number of
studies are showing persistent improvement in quality of life and reduction of long-term
mortality in patients following gastric bypass surgery.17”> When hormonal evaluations have
been carried out after bariatric surgery, studies consistently documented an increase in
circulating T levels. These observations range from detailed single case report showing a
complete restoration of hormonal profile in an obese man after bariatric surgery,176 to
several small series.177-179 Rao et al. have published an excellent review on this topic.180
Evidence is accumulating in support of bariatric surgery as an effective complementary
option in obesity-related male hypogonadism. For the interested reader, the European
Guidelines are particularly helpful.181
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CARDIOVASCULAR DISEASE

On July 15, 2014, Health Canada announced a safety review was initiated to evaluate the
currently available information regarding the possible CV risk (heart and blood vessel
problems) associated with the use of T replacement products.23 This follows an
announcement by the US Food and Drug Administration (FDA) that they were going to
investigate the risk of stroke, heart attack and death in men taking FDA-approved T
products.2! In June 2014, the FDA announced they are requiring manufacturers to include a
general warning about the risk of blood clots in the veins in the drug labeling of all
approved T products.22

Association studies in the general population

Hypogonadism as defined by a low T level has been shown to be associated with an
increased risk of CV disease (CVD) and CV mortality in observational studies.182-186 The
most compelling data are from a meta-analysis of 70 cross-sectional and prospective
studies.8” In this comprehensive analysis by Corona and colleagues, T levels were
inversely associated with CVD and CV mortality, while estradiol levels were positively
associated with these outcomes. There were no age-related differences in TT levels between
subjects with and without CVD, but subjects with CVD, diabetes and hypertension were
shown to have lower levels of T compared with the healthy subjects.

There have also been observational and randomized control trials demonstrating beneficial
effects of T therapy on surrogate markers of CV risk such as carotid intima media thickness
(CIMT), inflammatory markers, ventricular function, exercise capacity and insulin
resistance.188-192 These are presented in Table 9 and will not be further discussed.

Hypogonadism, erectile dysfunction and cardiovascular disease

Low androgen levels have been shown to be associated with erectile dysfunction (ED), the
metabolic syndrome, diabetes, and CVD.182193194 Vascular smooth muscle cells and the
endothelium play an important role in the vasculogenic causes of erectile dysfunction and
serves to highlight the importance of atherosclerosis in the pathophysiology of erectile
dysfunction.19> CVD and erectile dysfunction have also been shown to share common
pathways and risk factors.19¢

There is substantial data supporting the association between ED and a high risk of CAD.197
Although ED can be considered a warning sign of a future major adverse cardiovascular
event, it could also identify men at a higher risk of harboring silent CAD. The incidence of
asymptomatic CAD in men with Vasculogenic ED has been found to vary between 19-
509%.198-200

Based on these data strong consideration should be given to evaluating men with
hypogonadism and/or erectile dysfunction for underlying cardiovascular disease. In 2012,
the Third Princeton Consensus Conference addressed the role of CVD screening in ED
patients according to CVD risk.201 For organic ED patients with no known CVD, the panel

Appendix to: Morales A, Bebb RA, Manjoo P, et al.; Canadian Men's Health Foundation Multidisciplinary Guidelines Task
Force on Testosterone Deficiency. Diagnosis and management of testosterone deficiency syndrome in adult men: clinical
practice guideline. CMAJ 2015. DOI:10.1503/cmaj.150033. Copyright © 2015 8872147 Canada Inc. or its licensors



20

recommended they be considered at increased risk for CVD until recommended checks
suggest otherwise.

Intervention studies of testosterone replacement therapy

Although there has been a wealth of observational data demonstrating an association of
lower T levels with poor health outcomes, specifically CV disease and CV mortality, there is a
lack of well-conducted high-quality RCTs that would be needed to determine whether a CV
benefit can be derived from TRT. The RCTs that have been performed have been conducted
in diverse populations with differing baseline states of health and using a variety of
formulations of T replacement. Importantly, they have been done in men with varied
baseline T levels. Many of these intervention trials have been of short duration, with small
numbers of subjects, and lacking statistical power to detect the CV outcomes of clinical
importance.

There have been four major meta-analyses of RCTs conducted: Calof and colleagues in 2005;
Haddad and associates in 2007; Fernandez-Balsells and colleagues 2010; and Corona and
associates in 2014.140.202-204 These did not demonstrate a significant difference in the
occurrence of CV events between the T and placebo arms. The most recent and largest (75
articles; 3016 and 2448 subjects in the TRT and placebo arms, respectively) confirmed the
earlier results and showed that CV risk (either composite or single adverse events) was not
elevated in men receiving T.204

Subsequent to the first 3 meta-analyses, the results of an RCT by Basaria and associates was
published showing an increased relative risk of CV-related adverse events in elderly frail
men being treated with TRT.205 The trial was stopped due to a significantly greater
incidence of CV adverse events in men randomized to the treatment group (23, versus 5 in
the placebo group). Trial participants had a mean age of 74 years and were at high CV risk
with various serious chronic illnesses: preexisting diabetes and obesity (nearly one-third of
participants), hyperlipidemia (more than one-half), hypertension (more than three-
quarters), and preexisting heart disease (nearly one-half). An analysis of risk factors
associated with the CV adverse events determined that those men with events had greater
increases in FT levels in comparison with men who did not have events.2% The study was
designed to assess TRT-related changes in lower extremity strength and functional status,
and was not designed (or powered) to analyze primary or secondary CV outcomes. The
reported CV events ranged from serious CV events to symptoms or signs of questionable CV
significance such as peripheral edema, tachycardia and hypertension. When only the
serious CV outcomes were included, there was no significant difference in the occurrence of
events between the two groups. There were several potential sources of bias in this study
but because of the effect size, it is weighted heavily in subsequent meta-analyses.

Xu and associates conducted a meta-analysis of placebo-controlled T treatment trials and
identified 27 trials including 2994 mainly older men who experienced 180 CV-related
events.207 T therapy increased the risk of a CV-related event (OR 1.54; 95% CI = 1.09 to
2.18). The likelihood varied with the source of funding but not with the baseline T level. In
trials not funded by the pharmaceutical industry the risk of a treatment-related CV event
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was greater (OR 2.06; 95% CI = 1.34 to 3.17) than in pharmaceutical industry-funded trials
(OR 0.89; 95% CI = 0.50 to 1.60). The authors concluded that the effects of T on CV-related
events varied with source of funding. Overall, and particularly in trials not funded by the
pharmaceutical industry, exogenous T increased the risk of CV-related events. This meta-
analysis included studies of varying sizes with differing baseline levels of T, and the
primary outcome was a composite system-wide outcome that included events of less
certain CV significance. This study was very heavily weighted by the large study reported
by Basaria and associates. The authors hypothesized the lower odds ratio for the outcome in
industry-sponsored trials may be due to the enrolment of younger men in these trials.

Finkle and colleagues used a large US healthcare database for a cohort study to assess the
risk of acute nonfatal myocardial infarction (MI) in the 90-day period following an initial
prescription for T.208 No other CV endpoints were captured. For a cohort, the investigators
selected subjects prescribed a PDE5-I from the same database. The authors identified the
90-day post-exposure rate and the 12-month pre-exposure rate in the T prescription
group, then in the PDE5-I prescription cohort, then compared the rates between the 55 593
men prescribed T and the 167 279 men prescribed a PDE5-I. The rates of acute nonfatal MI
per 1000 persons per year were calculated, the rate ratio (the post/pre-prescription rate)
was determined, and subgroup analyses were performed by age and by heart disease
(present or absent). By comparing the T prescription group results with those from the
PDES5-I prescription group, the ratio of rate ratios was determined.

Compared with the pre-prescription event data, there was an increased risk in the T
prescription group (rate ratio 1.36; 95% CI = 1.03 to 1.81) in the first 90-days post-
prescription. This risk was higher in men younger than 65 years old with heart disease
(rate ratio 2.90; 95% CI = 1.49 to 5.62), in men age 65 years and older without heart
disease (rate ratio 2.21; 95% CI = 1.09 to 4.46), and slightly but not significantly higher in
men age 65 years and older with heart disease (rate ratio 2.16; 95% CI = 0.92 to 5.10). The
ratio of rate ratios was elevated in the T prescription group compared with the PDE5-1
prescription group.

The size of the database contributes to the strength of this analysis, but there are several
limitations that weaken the authors’ conclusion about the magnitude of the increased risk.
The diagnostic indications for T were not available and there was no information about the
T levels before or after the T was prescribed. Hypogonadism has been linked to an
increased risk of CV events, and it isn’t possible to determine if the men had achieved the
therapeutic range for T. Also, men in the T prescription group tended to have higher
comorbidity than those in the PDE5-I cohort, and it is not clear if weighting for this
corrected for the differences. Since other outcomes (CV mortality and stroke, for example)
were not included, these uncertainties detract from the likelihood that T alone was
responsible for the differences in the single CV outcome reported.

In another retrospective cohort study, Baillargeon and colleagues used Medicare
beneficiaries’ enrolment and claims data to evaluate the risk of MI in 6355 men age 66
years and older treated with intramuscular T.209 Eligible men were enrolled for 12 months
before the first T injection. The average total number of injections was 4.4 in the first year,
Appendix to: Morales A, Bebb RA, Manjoo P, et al.; Canadian Men's Health Foundation Multidisciplinary Guidelines Task

Force on Testosterone Deficiency. Diagnosis and management of testosterone deficiency syndrome in adult men: clinical
practice guideline. CMAJ 2015. DOI:10.1503/cmaj.150033. Copyright © 2015 8872147 Canada Inc. or its licensors



22

and 8.2 over the entire follow-up period. A composite MI prognostic risk score was
developed and validated by several statistical methods to identify a matched cohort of

19 065 men (from a pool of 571 136 men) for 99.9% of the T therapy cohort. The
investigators used an ICD-9 code to identify hospitalization for MI, the outcome of interest,
and used an adjusted Cox regression model to calculate the hazard ratio (HR) for this
outcome.

The investigators found that the use of intramuscular TRT was not associated with an
increased risk of MI (HR 0.84; 95% CI = 0.69 to 1.02). During the first year of use, there was
no increase in hospitalization for MI with increasing cumulative injections (HR 0.98; 95%
CI =0.96 to 1.01). Several sensitivity analyses were conducted, including one that adjusted
for all 30 covariates in the composite MI prognostic risk score plus basic demographic
characteristics, and the resulting hazard ratio remained in the nonsignificant range (HR
0.65 to 0.87). The investigators concluded that there was no increased risk of MI in older
men treated with intramuscular T.

Vigen and colleagues conducted a retrospective cohort study of male veterans with
coronary artery disease (CAD) who underwent coronary angiography.210 Of 8709
hypogonadal men (TT less than 300 ng/dL), 1223 started TRT and at 3 years post-
angiography had a statistically significant 5.8% absolute risk increase in the composite
endpoint of all-cause mortality, MI and ischemic stroke. The weakness of the study design
(a study population limited to male veterans with CAD, retrospective cohort, no
randomization, small sample size at the extremes of the follow-up, and lack of chart review
to validate outcomes) limits the generalizability of the results. Large RCTs with CV events
as the primary outcomes will be required to demonstrate the safety and efficacy of TRT in
men with CV disease.

Testosterone replacement therapy in men with cardiovascular disease

A 12-week investigation of TRT was conducted in 87 men (mean age, 74 * 7 years) with
noninsulin-dependent diabetes and stable CAD.211 The subjects received either oral T
undecanoate or placebo. There were significant reductions in the number of angina attacks
per week, and in ECG-monitored silent ischemic episodes and total ischemic burden. Lipid
profile and insulin resistance were also improved. The investigators recommended studies
of longer duration to assess safety and the long-term relevance of the observed clinical
benefits.

Caminiti and associates conducted a 12-week double-blind placebo-controlled trial in 70
elderly men with moderate-to-severe congestive heart failure (CHF) to investigate the
effect of TRT on functional capacity and ventilatory efficiency.212 Subjects were clinically
stable and had symptomatic heart failure (HF) New York Heart Association (NYHA) class Il
or III) and a left ventricular ejection fraction (LVEF) of less than 40%. Although the study
was limited by its short duration, TRT improved functional capacity and clinical measures
of poor prognosis in this population.

In a randomized double-blind placebo-controlled transdermal patch trial conducted in 76
men (mean age, 64 + 9.9 years) with chronic HF, TRT was associated with a significant
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improvement in exercise capacity over a 12-month period, which corresponded toa 15% =*
11% improvement from baseline.?13 In addition, there was an increase in NYHA class by at
least one functional class compared with placebo. There was no excess of adverse events.
There was a single sudden death reported in the placebo group. In the T arm, 5 subjects
required an unplanned hospital admission and one patient suffered a small anterior
circulation stroke, one person developed unstable angina, and there were 2 exacerbations of
HF in each group (TRT group and placebo patch group). The most common adverse
reactions in both groups were skin reactions, reported in 55% of all subjects, and leading to
study withdrawal by 19 subjects.

Stout and colleagues conducted a double-blind randomized controlled study of a 12-week
program of exercise with and without intramuscular TRT among men with CHF and low
T.214 Of the 41 men randomized (mean age, 67 years; mean T 10.7 nmol/L), only 28 (68%)
completed the study, but adherence to exercise and TRT was 100%. The combination of
TRT and exercise improved aerobic fitness, leg strength, depression and hypogonadal
symptoms, but echocardiographic outcomes, N-terminal pro-brain natriuretic peptide (NT-
pro-BNP), and inflammatory markers were mostly unchanged. While TRT in older
hypogonadal men with CHF participating in an exercise rehabilitation program is realistic,
larger studies are required to address the number of subjects who dropped out of this study.

A recent meta-analysis of TRT in men with HF included 4 trials and 166 subjects with a
mean age of 67 years.21> Compared with placebo, TRT was found to be associated with
significant improvements in measures of exercise capacity such as the 6-minute walk test,
the incremental shuttle walk test, and peak oxygen consumption. No significant adverse CV
events were observed. The previous study by Stout and colleagues was published in 2012
and is not included in this 2010 meta-analysis.

Testosterone replacement therapy in men without cardiovascular disease
Short-term studies in hypogonadal men with CAD or heart disease have demonstrated that
TRT may provide symptomatic improvement. However, there is a lack of high-quality
evidence demonstrating a benefit on CV disease incidence, progression or survival.

In order to evaluate the effect of TRT and lifestyle management on CV risk factors, 56 self-
referred middle-aged obese men with total FT levels less than 100 pg/mL and clinical signs
of TD were selected for a physician-supervised and guided exercise and nutrition
program.216 Subjects were followed for 6 to 18 months. Overall, the participants achieved
significant weight loss and a significant reduction in coronary risk factors such as glucose
intolerance and hyperlipidemia.

In 2011, Corona and colleagues published a meta-analysis of studies in subjects with and
without CV disease.21” Among cross-sectional studies, they found low T and high estradiol
were associated with CV disease. Among longitudinal studies and in comparison with
controls, baseline T was lower for subjects with incident overall-mortality and CV-related
mortality. There were no differences in baseline T and estradiol levels between cases and
controls for incident CV disease. Metabolic components associated with CV risk were
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diminished with TRT. However, the analysis was unable to establish causality, or to identity
the beneficial and harmful effects of TRT on CV morbidity and mortality.

Testosterone replacement therapy in men with congestive heart failure

Anabolic steroids are determinants of mean exercise capacity. It is known that the
administration of anabolic androgenic steroids significantly increases lean muscle mass
leading to increased muscle strength. In a study of 205 men with CHF ranging from NYHA
class 1 to 4 and a with a mean LVEF of 31%, circulating T levels were independent
predictors of exercise tolerance even after adjustment in multivariable models for age, pro-
brain natriuretic peptide (pro-BNP), and leg lean tissue.218

A prospective study was conducted in 175 consecutive elderly men with systolic CHF and
reduced LVEF attending outpatient clinics at 3 centres in China.88 Total T and SHBG were
measured, and cFT (reported as estimated FT [eFT]) was calculated. The age-specific
prevalences of low T and low cFT were 21.7% and 27.4%, respectively, and these
hormones were inversely associated with LVEF and NT-pro-BNP (P<0.01, for both).
However, after adjusting for clinical variables, there were no associations of low, medium
or high tertiles of either TT or cFT with survival time. The investigators commented that
low levels of TT and cFT are present in older men with CHF and are related to disease
severity, but the current investigation found they were not independent predictors for
mortality.

While low T levels are commonly observed in subjects with HF, a causal association is
unproven.21? Pilot studies have shown TRT to reduce symptom burden in subjects with
heart failure, but larger trials are required to demonstrate benefit and safety.219220

Summary

While short-term studies have shown symptomatic improvement in men with coronary
artery disease or CHF, evidence regarding a beneficial or harmful effect of TRT on hard
endpoints like M], stroke or sudden CV death is lacking.

In the summary of findings table (Table 10), we review the evidence from the meta-
analysis by Fernandez-Balsells and colleagues as it includes most of the major RCTs
evaluating CV outcomes in patients receiving TRT. We also describe the Basaria paper
separately as it has impacted and will continue to impact subsequent meta-analyses. We
have described a recent and reasonably well-done observation study using claims data.
This latter study is worth discussing given its size and the effort put into matching of the
intervention and control groups.

While there have been sporadic reports of TRT increasing CV risk, the published literature
over the past 20 years has generally not supported such an association. The results of
several large meta-analyses have not supported a causal role between T treatment and CV
adverse events. However, the majority of studies included in these meta-analyses have
been low-quality studies conducted in heterogenous populations and utilizing different
products with different routes of administration. The availability of more conclusive data
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from larger and longer duration studies may assist in changing the confidence in current
recommendations.

The recommendations have taken into account the positions of both Health Canada and the
FDA.

THE METABOLIC SYNDROME

Disorders of glucose metabolism centered on insulin resistance marked by obesity, the
metabolic syndrome, or frank type 2 diabetes mellitus (T2DM) have been associated with
low T levels.221 Insulin resistance itself has been linked to decreased T production in
men.222 The prevalence of low T levels in obesity and the metabolic syndrome is increased
and can be as high as 33% in men with T2DM.223-226 The association in type 1 diabetes
mellitus, where insulopenia is the hallmark, is not that well defined.224225

Improvements in body composition with TRT and metabolic parameters have been
positive, but not universal. Marin and others have long shown an improvement in visceral
fat with TRT in hypogonadal males.227-229 TRT improves insulin resistance, independent of
BMI.230-232 [n hypogonadal men with T2DM, TRT provides better glycemic control and
improves lipid parameters in many studies89.231.233,.234 byt not in all.232235

DIABETES MELLITUS AND OBESITY

Background

Obesity, the metabolic syndrome (MetS) and T2DM, often co-exist with
hypogonadism.30.33.173 In large observational studies, men with MetS and T2DM have been
shown to have significantly lower T levels (approximately 2.5 to 3.0 nmol/L lower)
compared with their metabolically healthy counterparts.236-238 These associations persist
even after adjusting for age, BMI and insulin resistance.238-240 T ]evels are also lower among
men with ED.238

There has been considerable debate surrounding the relationship between T and adiposity-
related metabolic disorders, specifically regarding the extent to which low T causally
contributes to diabetes and its complications, or whether low T is merely a biomarker,
coexisting with these disorders because of some common pathophysiology. It is possible
that a bidirectional relationship exists between visceral fat and low T levels.173241 One
explanation is that aromatase in visceral adipose tissue converts androgens to estrogens,
which in turn inhibit the HPGA, and promotes the accumulation of fat. Visceral fat is also
associated with the release of proinflammatory cytokines which may further disrupt the
HPGA.

Weight loss whether by bariatric surgery or a low-calorie diet has been shown to be

associated with a significant increase in SHBG, TT and FT levels.238 The improvement in T

levels appears to be greater with higher degrees of weight loss. This is further supported by
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the biologic association between adiposity-associated metabolic disease and
hypogonadism, but additional research is needed to clarify the mechanisms underlying this
as many metabolic parameters improve with weight loss, and T levels may simply be an
overall marker of metabolic health.

Body composition

In order to evaluate the effect of T replacement on body composition in hypogonadal men
aged 45 years and older, Bhasin and associates performed a meta-analysis of RCTs longer
than 90 days in duration and published up to June 2005.242 T replacement was found to be
associated with a 2.7 kg (95% CI = 1.6 to 3.7 kg) increase in lean body mass, right-hand grip
strength and a 2 kg (95% CI = -3.1 to 0.8 kg) reduction in whole body fat mass compared
with placebo. Body weight change did not differ significantly between the groups. The trials
included in this meta-analysis were of variable quality and were heterogeneous in terms of
inclusion criteria, T dose, duration of treatment, adequacy of blinding, and outcome
measurements.

The mechanisms underlying the effects of androgens on body composition are complex and
are thought to involve an increase in muscle protein synthesis, hypertrophy of type I and
type Il muscle fibres, and an increase in the numbers of myonuclei and satellite cells, but
not an increase in muscle fibre number.242-245 Androgen suppression of preadipocyte
differentiation is one possible mechanism of fat mass inhibition that may explain the
observed fat mass reduction in men treated with androgens.246 Clinical trials have
evaluated the role of dihydrotestosterone (DHT) in mediating the anabolic effects of T on
muscle by using T in combination with either dutasteride, a 5-alpha reductase blocker that
inhibits the conversion of T to DHT, or placebo.24” There were no between-group
differences in body composition, muscle strength or sexual function, suggesting that DHT
may not be essential for mediating the anabolic effects of T on muscle.

The effect of exercise and weight loss on testosterone levels
The literature supporting the improvement of T levels with weight loss is based on small
studies, many of which are prospective and without a control group. The most
comprehensive review of this topic to date was conducted by Corona and colleagues
who performed a meta-analysis of 24 studies conducted between 1969 and 2012,
evaluating the effect of weight loss on sex hormone levels through either a low-calorie
diet or bariatric surgery.248 This meta-analysis included RCTs, as well as controlled
cohort before-and-after comparison studies conducted in the same group of patients
and between two or more groups of participants receiving different interventions. The
authors found weight loss to be associated with an increase in both TT and FT levels, a rise
in gonadotropin levels and a decrease in estradiol. After adjustment for the baseline BMI
and baseline T level, only the amount of weight lost was the best determinant of the rise in
TT. Because of the variable quality of the studies included in this meta-analysis, the quality
of the data is rated as being low to moderate at best, with the results being heavily weighted
by a few studies. Where possible, lifestyle interventions aimed at treating obesity and its
metablic and mechanical complications should be undertaken as this may result in
clinically significant improvement in T levels as well as having a positive impact on
cardiometabolic parameters.
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Type 2 diabetes mellitus and testosterone replacement therapy

There is a high prevalence of hypogonadism and ED among men with T2DM, and up to 40%
of men with T2DM have hypogonadism.24° TRT is meant to restore physiological levels of T
in men who are hypogonadal, with the intention of improving symptoms. The literature
supporting the improvement in body composition with TRT has been outlined above. TRT
may also have an impact of metabolic parameters such as glycemic control, BP and lipids.
Cai and associates performed a meta-analysis of studies published through to July 2013.250
They identified five RCTS of moderate-to-high quality conducted in patients with T2DM
and hypogonadism. The subjects received TRT or placebo, and the effects on glycemic
control, lipids, body composition and blood pressure were assessed. The pooled data
showed a modest improvement in fasting plasma glucose and Alc of -1.1 mmol/L (95% CI
=-1.88 to -0.31 mmol/L) and -0.87% (95% CI = -1.32 to -0.42%) respectively. There was
a modest improvement in TG of =0.35 mmol/L (95% CI = -0.63 to -0.07 mmol/L) but no
improvement in other lipid parameters or BP. The trial duration was variable among the
studies these studies. More recently Hackett and colleagues estimated the improvement in
Alcin hypogonadal men with T2DM treated with TRT to be far more modest with an
estimated mean difference of -0.10% (95% CI = -0.34 to -0.05%) at 18 weeks and -0.11%
(95% CI =-0.34 to 0.13%) at 30 weeks.2>1 The total cholesterol was only marginally
improved -0.30 mmol/L (95% CI = -0.46 to -0.13 mmol/L) and there were no
improvements in triglycerides, other lipid parameters or BP. The improvements
demonstrated in these studies are of questionable clinical significance, and are not
consistently demonstrated across trials. No metabolic deterioration was observed in either
of these studies.

Diabetes mellitus, erectile dysfunction and testosterone

Diabetes is a significant risk factor for the development of ED. Results from the
Massachusetts Male Aging Study (a community-based, random sample observational
survey of men aged 40 to 70 years old) found that, in comparison with a 9.6% prevalence in
the general population, the prevalence of ED in diabetic men is 28%.252 For a man with
diabetes, the lifetime risk of developing ED is 75%, and ED appears at an earlier age in
comparison with nondiabetics.252253

The mechanisms contributing to ED in men with T2DM are multifactorial and include
impaired vasodilatory signaling, non-adrenergic non-cholinergic dysfunction, endothelial
dysfunction, oxidative stress, cavernosal hypercontractility, veno-occlusive dysfunction,
and hypogonadism.253 Men with T2DM have more severely impaired erectile parameters
than eugonadal men with T2DM. Investigations have found erectile parameters in
hypogonadal diabetic men were more severely impaired than those in eugonadal diabetic
patients.>3254255 Fyurthermore, men with T2DM and ED had worse disease-specific health-

related quality of life, and the severity of the ED was significantly associated with the T
level 53,254,255

Among men with T2DM and ED, 20% had TT less than 8 nmol/L, and 31% had TT between
8 and 12 nmol/L. ED was present in 72% of men with TT less than 8 nmol/L, and in 71% of
men with TT between 8 and 12 nmol/L.256
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Several clinical trials have shown that PDE5-I treatment improves ED in diabetic men, but
the results may not be broadly generalizable due to trial selection bias and the exclusion of
men with poor glycemic control.257 In one study in men with ED, only 56% of T2DM
patients responded to a PDE5-I compared with 87% of nondiabetic men.258 Also, although
there is an initial response to ED treatment in men with T2DM, the effects may not be
sustainable over time.253.254

Men with diabetes and ED and not responding to treatment with sildenafil had significantly
lower T and more depressed libido at baseline compared with age-matched controls.25?
TRT was shown to improve ED in up to 70% of these previous non-responders. Among
patients with ED and T2DM receiving oral antidiabetic agents, low T may be responsible for
failure to respond to sildenafil citrate, and combination treatment with TRT and sildenafil
may restore sexual function in these patients.2>9

Among men with T2DM, ED was found to be compromised at a TT level of 403.5 ng/dL or
less (sensitivity 63.3%, specificity 94%).252 This threshold identified ED in 33 of 38 men
with TT levels below 403.5 ng/dL, while ED was present in 57 of 157 men with TT levels
greater than 405.3 ng/dL. The authors proposed a TT cutoff value of 405.3 ng/dL as an
indicator for the initiation of TRT in men with T2DM, and recommended further
prospective controlled trials.

Summary

Grossmann reviewed the relationship between T and diabetes, and commented that
population-based studies have shown low T is common in men with T2DM and the MetS.241
The metabolic effects of TRT have been reported by several investigators, and their data
are reported in Table 11.231.233-235260 The management of the aging, overweight diabetic
male should incorporate recommendations for weight loss and exercise. Success in these
areas will provide health benefits and will raise T levels. Until additional data from
adequately powered clinical trials are available to clarify risks and benefits, T therapy
cannot be recommended to treat overweight hypogonadal males with T2DM.

CANCER

Breast cancer

Breast cancer in men is rare, representing less than 1% of all breast cancers identified in
both men and women.26! The greatest risk factor for developing male breast cancer is
genetic; the lifetime risk is approximately 7% (80- to 100-times greater than that of the
general population) in men with an inherited BRCAZ mutation.262 Alterations to the
estrogen-testosterone ratio also increase the risk, and this is seen in men with Klinefelter
syndrome, obesity with a BMI greater than 30, and liver cirrhosis.262 Although elevated
levels of estrogen and decreased levels of T appear to create a higher risk for male breast
cancer, these have not been demonstrated in any studies of male breast cancer.
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Since low levels of androgens may promote the development and growth of male breast
cancer, it is understandable that TRT has not been identified as a risk factor by
organizations such as the Canadian Cancer Society.261

Published reports of breast cancer in men receiving TRT are uncommon and are limited to
case reports.263-265 Until more data are available, T therapy should be used cautiously in
men with a history of breast cancer.263-265

Prostate cancer

Prostate cancer (PCa) is the most common non-dermatological malignancy in North
American men.2%¢ Following the demonstration over 65 years ago of a rapid progression of
PCa in patients receiving T supplementation and regression of the disease by suppressing
androgen levels, the belief was firmly established that T promotes the development and
progression of PCa.267 More recently, evidence has appeared challenging this long-held
belief. Additional support has been provided by several other reports and, most
convincingly, by an analysis of prospective studies which clearly established a lack of
association between the risk of PCa and endogenous serum T concentrations.268

Influence of endogenous testosterone levels on prostate-specific antigen and
prostate cancer risk

Among 150 men without PCa, Monath and associates demonstrated that physiologic
variations of endogenous serum T levels within the normal range do not affect serum
prostate-specific antigen (PSA).26° Moreover, data from the Massachusetts Male Aging
Study, a large prospective, population-based random sample, highlighted the lack of an
association between endogenous serum levels and PCa risk.270 In a case-control
investigation of 708 Scandinavian men with PCa compared to 2242 men without PCa, no
support was found for the hypothesis that high levels of circulating androgens within a
physiologic range stimulate development and growth of PCa.271

In 2008, Roddam and colleagues performed a collaborative analysis of the world-wide data
from 18 prospective studies relating serum concentrations of sex hormones among 3886
men with PCa and 6438 control subjects without PCa.2%8 No association was identified
between the risk of developing PCa and endogenous serum concentrations of sex hormones
including T (total or free) and estradiol.

Among men with PCa, several studies have linked low levels of endogenous serum T with
PCa,?72 and with adverse prognostic features including advanced cancer stage273274 and
grade,?75-278 higher rates of positive surgical margins,?’? biochemical progression following
treatment,?’4 and a decreased overall survival among men with metastatic disease.280

However, other early studies have reported higher T levels linked with PCa. In 222 men
who developed PCa and 390 matched controls in the Physicians’ Health Study, a significant
trend was found between the risk of PCa and higher levels of serum T.281 A similar
association was reported for 420 patients undergoing biopsy for suspicion of PCa.282 These
findings were also supported by a meta-analysis showing that men whose T levels were in
the highest quartile were more than 2-times more likely to develop PCa.283
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[t should be kept in mind that the levels of serum androgens (both T and DHT) do not
necessarily reflect the hormonal intraprostatic micro-environment,284 and that the
intraprostatic androgen concentrations remain significant even in medically castrated
men.28> Taken together, these observations have led to the development of models aimed at
explaining the discordance between the evident dependence of the prostate on androgens
and the stimulation of PCa following androgen administration in some situations but not in
others. The “saturation model” purports that the maximal androgen-stimulated PCa growth
is reached at relatively low serum T levels, therefore there is limited influence of T therapy
on PSA and prostate cancer risk.286

Several investigations have shown that TRT has not been associated with clinically
significant increases in PSA or an increased risk of prostate cancer. In a systematic review
of published studies of TRT in men with hypogonadism, Bhasin and associates reported
that the average increase in serum PSA was between 0.30-0.43 ng/mL following the
initiation of TRT.287 Similarly, in a meta-analysis of 19 RCTs designed to determine the risks
of adverse events associated with TRT in older men, Calof and colleagues failed to identify
statistically significant differences in the rates of PCa, PSA concentrations greater than 4
ng/mlL, and prostate biopsies among men treated with T versus a placebo group.202

A Toronto-based group identified no significant correlation between simultaneous PSA and
serum T concentrations among eugonadal, untreated hypogonadal and hypogonadal men
receiving TRT.288 Among the 229 hypogonadal men receiving TRT, mean total serum T
levels increased significantly with treatment. However, mean PSA levels did not increase in
a statistically or clinically significant manner with T therapy; the mean PSA increase from
baseline was .05 ng/mL.

Among 81 hypogonadal men on T therapy for 36 months, Coward and associates reported
that PSA levels remain stable after normalization of T with treatment, and the incidence of
PCa was no greater than that in the general population.28° A recent report2°? showed no
changes in PSA in a group of 322 hypogonadal men participating in a placebo-controlled
dose ranging trial of oral T undecanoate. Finally, in a systematic review and meta-analysis
of 51 T trials focusing on potential adverse effects of TRT, investigators concluded that T
use did not result in an increase in PCa risk.140

Monitoring of the prostate on testosterone therapy

Prostate health should be assessed by digital rectal examination (DRE) and PSA prior to the
initiation of therapy, after 3-6 months of treatment and annually thereafter in accordance
with the evidence-based guidelines for PCa screening, depending on the age and race of the
patient.25291.292 Sjgnificant increases in PSA while on T therapy should not be attributed to
the use of T alone, and should be investigated irrespective of the use androgen therapy.

Urological consultation should be sought if any of the following are observed:287.293-295
o PSA is elevated for the patient’s age and prostate size;
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. Among patients with a baseline PSA of >4, an increase in PSA of > 0.75ng/mL
is observed within any 18-month period of treatment;

. Among patients with a baseline PSA of <4, a PSA increase of >0.4ng/mL is
observed within any 18 month period of treatment;

. A prostate abnormality is identified on DRE.

Absolute and relative contraindications to testosterone replacement therapy related
to prostate health

Several studies have recently been published documenting the experience of TRT among
men previously diagnosed with PCa - both treated (radical prostatectomy, radiation
therapy) and untreated (active surveillance).286296-308 Despite consistent reports of no clear
increase in rates of biochemical and clinical recurrence or progression, published studies to
date for the most part include small numbers of subjects, and lack control groups and long-
term follow-up.

For men with untreated PCa, the global experience remains very small and the results are
inconsistent. One of the studies showed no evidence of progression of the prostatic
malignancy in any of the patients,2%¢ while another reported some men remained stable
while receiving exogenous T but others showed biochemical progression which regressed
following discontinuation of therapy.30°

Based on the current best evidence, professional societies have identified patient
characteristics in whom the use of TRT is an absolute contraindication or a relative
contraindication.25291 This information is reproduced here.

TRT is contraindicated in men with metastatic PCa and in men with treated PCa who are at
high risk of recurrence. This is an absolute contraindication.

In men who have been treated for localized PCa (with surgery or radiotherapy), who are
currently without evidence of active disease (ie, measurable PSA or PSA progression,
abnormal rectal examination, evidence of bone/visceral metastasis), and who show
symptomatic and biochemical TD can be cautiously considered for T therapy. This is a
relative contraindication.

PROSTATE HEALTH - BENIGN PROSTATIC HYPERPLASIA

T (after conversion by 5a-reductase to DHT) has a fundamental role in the development,
normal growth and function of the prostate.310 This growth-promoting effect on the gland
may lead to the development of benign prostatic hyperplasia (BPH). BPH is characterized
by an increase in the population of epithelial and stromal cells in the peri-urethral area of
the prostate. Despite concerted investigations, the indisputable reason for the development
of BPH in association with aging has not been elucidated. Although androgens are clearly
necessary, they are not the single causative factor.311
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There is a scarcity of reliable information on the relationship between endogenous levels of
T and the presence of BPH, and reports have been inconsistent. An Austrian cross-sectional
study found that T levels did not correlate with prostate volume or voiding parameters.312
These results were supported by a study of African-American men313 and, more recently,
by a large cross-sectional study of Korean men.314 But other investigators have reported
dissimilar results.315316 Comparisons among studies are not particularly helpful because of
the heterogeneity of the populations and the criteria for outcome measures.

Better data are available regarding the effect of T treatment on the non-malignant prostate.
As early as 1994, in a controlled cross-sectional study it was found that adequate T
treatment of hypogonadal men resulted in prostate volume and PSA levels comparable to
those of age-matched eugonadal men.317 Tenover conducted a study with T enanthate
injected weekly for 3 months, and her observations did not show any increase in prostate
volume or post-voiding residual urine.318 Similarly, lower urinary tract obstructive
symptoms did not worsen, and the changes in PSA were insignificant in a study of men
receiving T treatment for 2 years.31° There are other relatively short-duration studies
showing negligible detrimental effects of T treatment on lower urinary tract obstructive
symptoms.320 Only one early study was long term, and it also failed to show adverse
prostate events in hypogonadal men treated with T.116 In addition, there are a number of
clinical trials using a variety of T preparations confirming these observations and reporting
no cases of urinary retention in carefully selected populations.32! Although there is
consistent evidence across heterogeneous studies, there is no meta-analysis of pooled date
to provide a more definitive answer.

Despite the absence of high-quality studies correlating T use with worsening lower urinary
tract symptoms (LUTS), clinical experience and case reports suggest caution in treating
men with very severe LUTS symptoms. Please refer to the monitoring section of these
Guidelines for monitoring recommendations.

SEXUAL FUNCTION

Testosterone and sexual function

T is required for normal sexual development and secondary sex characteristics.322 In the
adult male, sexual alterations are partially related to androgen status. Sexual drive,
erection, ejaculatory capacity, and accessory organ function (eg, volume of ejaculatory
fluid) require T at variable threshold levels in individual men. In general, younger men
retain better sexual function than older men as serum T levels fall.323

Aging is not invariably associated with decreased sexual activity, but activity declines from
83.7% among men between 57 and 64 years of age to 38.5% for those over 75 years old.
The decline in sexual activity spans the whole spectrum: ED (37%), diminished libido
(28%), and anorgasmia (20%).324

Sexual dysfunctions have both organic and psychological etiologies, so both components
need to be considered in hypogonadal men. In a study that evaluated the association
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between T levels and different psychopathological symptoms and traits in men seeking
treatment for sexual dysfunction, men with lower T levels showed a positive correlation
with depressive and anxiety (somatized and phobic) symptoms, whereas men with higher
or elevated T levels were associated with more histrionic/hysterical traits, had better
reported sexual functioning and better penile blood flow, and more satisfying sexual
relationships.32>

Sexual symptoms associated with hypogonadism

In a study identifying symptoms of TD, the presence of at least three sexual symptoms
(decreased frequency of morning erections, decreased frequency of sexual thoughts and
ED) had a syndromic association with decreased T levels (total T levels of less than 11
nmol/L and a free T level of less than 220 pmol/L).” Delayed ejaculation (DE) has also been
associated with reduced T levels, whereas there are mixed data regarding whether
premature ejaculation (PE) is correlated with T levels.326

Libido

Low libido, or reduction in sexual drive, is multifactorial and is often affected by various
biopsychosocial domains. T is one of the major hormones responsible for sexual motivation
and drive for sexual activity. Normal libido requires adequate levels of androgenic
hormones. The correlation between libido and T levels is poor as the T levels required to
sustain normal sexual interest are somewhat low. Adequate T levels are therefore required,
but are not alone sufficient for the maintenance of normal libido.327

Libido is self-reported and reduced libido is a hallmark of hypogonadism. Decreased
frequency of sexual thoughts and urges is one of the more specific symptoms associated
with TD, being apparent with a threshold of TT below 8.0 nmol/L and of cFT below 160
pmol/L.” There are several levels of evidence found with large cross-sectional and
longitudinal studies showing that lowered T levels affect libido, but the prevalence of TD in
isolated hypoactive sexual desire disorders is low.2

One study showed that when T levels fall to less than 15 nmol/L, low libido may become
evident.3¢ On the other hand, the correlation between T and improvement in sexual interest
during T supplementation has been confirmed in a meta-analysis of 11 studies, although
this beneficial effect was found only in hypogonadal men.328

Libido is commonly comorbid and/or consequential of other sexual dysfunctions (such as
ED and DE) whose incidence can also be affected by hypogonadism.32° Men on androgen
deprivation therapy (ADT) for PCa consistently report loss of libido as their serum T levels
fall and, if on intermittent ADT, experience some recovery of libido and vigor as their T
levels rise.330 In a small study, older men on long-acting GnRH agonist to suppress
endogenous T production were randomized to receive one of five doses (25, 50, 125, 300,
and 600 mg) of T enanthate weekly for 20 weeks; it was found libido changed by T dose
only among men who reported being sexually active at the beginning of the study.331
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Orgasm

While low libido is multifactorial, the co-existence of ED and delayed orgasm increases the
likelihood of hypogonadism. Hypogonadism increases the orgasmic threshold and TRT may
decrease this threshold in some men. A recent meta-analysis of controlled randomized
studies convincingly demonstrated a positive effect of T administration versus placebo on
the orgasmic component in hypogonadal men.328 However, in a series of 90 men of various
ages consulting for anorgasmia or delayed orgasm, only one had TD, stressing the
multifactoral nature sexual dysfunctions.327

Delayed ejaculation and premature ejaculation

In a large series of subjects (n= 2652) consulting for sexual dysfunction, 674 (25.2%) and
194 (7.3%) reported PE and DE, respectively.326 The risk of PE was reduced and that of DE
(to anejaculation) was increased as T levels declined, independent of selective serotonin
reuptake inhibitor (SSRI) use. A similar effect was noted for rising levels of prolactin and
TSH. All of these associations were confirmed after adjustment for age, general
psychopathology and use of SSRI antidepressants, indicating that the endocrine system is
involved in the control of ejaculatory function and also that prolactin, TSH and T play an
independent role. However, in the European Male Ageing Study, no relationship was found
between PE and TT levels in all age tertiles, whereas low T was a risk for DE (at least in
middle-aged men).332 In contrast, in the younger age group, DE is relatively
uncommon.333334

In summary, there is controversy as to the efficacy of T supplementation. Although the
preponderance of the evidence supports a positive effect of T on sexual functioning, there
are studies that failed to showed efficacy.335

INFERTILITY

Testosterone and Male Reproduction/Infertility

T is produced by the Leydig cells of the testis, and T levels in the testis are 100-fold greater
than those in the blood.33¢ T regulates spermatogenesis by its effect on Sertoli cells, and
also regulates the growth factors and cytokines critical to spermatogenesis. The
development and maintenance of reproductive tissues (testis, epididymus, vas, seminal
vesicles, prostate, penis) is dependent on T, and T also regulates sex drive, erections and
orgasmic function.

Although there is considerable inter-individual variation, spermatogenesis can be
maintained by relatively low levels of intra-testicular androgens, but full spermatogenesis
demands synergistic activities of T and FSH and LH.337

T’s activity in target tissues depends on activation of the androgen receptor (AR). These
receptors are located in both the cytoplasm and the cell nucleus in the target tissues. AR
defects may result in abnormal male sexual development. If the defect is less severe, male
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infertility is a possible result. In 20% to 30% of infertile men, circulating levels of T are
low.338

Administration of exogenous T in sufficiently large amounts leads to a suppression of FSH
with ensuing oligospermia.33° This mechanism has been exploited with limited results as a
means of male contraception. On the other hand, men with TD may also have reduced
sperm production. Given the increased availability and success of in vitro techniques for
egg fertilization, these men should not receive T while attempting artificial fertilization.

Further supporting the findings of our needs assessement (vide supra), a prospective
survey in Canada found 1.3% (59/4400) of men attending a male infertility clinic were
taking T, prescribed by a variety of physicians.340 While the majority were being treated for
hypogonadism, 12% (7/9) had been prescribed T inappropriately to treat infertility. The
majority (88.4%) of men were azoospermic while on treatment. Following discontinuation,
spermatogenesis was recovered in 65% without other known causes of azoospermia.

LH has long-term trophic effects on the Leydig cells. Inhibition of LH (eg, by steroid
administration) will cause Leydig cell atrophy and loss of cellular volume, and will impair
the cell’s ability to secrete T in response to LH. Alcohol is toxic to Leydig cells, and it
interferes with steroidogenesis. Chronic alcohol abuse and chronic steroid use are less
common causes of infertility.341,342

In adult men with hypogonadotropic hypogonadism, gonadotropins have been used to
stimulate Leydig cells to temporarily restore spermatogenesis.343 The results, however are
variable due to factors such as the cause of the infertility, testicular volume, and a history of
cryptorchidism.344

Varicocele in infertile males can be linked with Leydig cell dysfunction and is a risk factor
for low T levels. Although the mechanism is not known, several theories have been
proposed, including venous stasis, increased testicular temperature, oxidative stress, and
resulting toxic environment. Recent literature has demonstrated improved T levels
following microsurgical varicocelectomy in men with varicocele and low

T preoperatively.34> A review of three adequately powered studies published in 2011
concluded that varicocele repair in hypogonadal men with unilateral or bilateral varicocele
was able to restore T to the eugonadal range.346 However, the surgical repair of varicocele
as a mechanism to restore fertility remains a controversial topic.

O’Brien and associates evaluated hypogonadal symptoms and erectile dysfunction in 302
infertile men and a control group of 60 fertile men.347 Relevant clinical information was
collected, and all men were administered the ADAM questionnaire and the Sexual Health
Inventory for Men (SHIM) questionnaire. In the infertile group, 38% reported significant
symptoms and SHIM scores were abnormal in 28%. In a subgroup with nonobstructive
azoospermia, 25% reported symptoms and SHIM scores were abnormal in 27%. Fewer
men in the fertile group had symptoms or an abnormal SHIM score (21% and 11%,
respectively). Compared with the fertile group, the infertile group had a significantly higher
prevalence of erectile dysfunction (P=0.007).
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TRT in infertile men can lead to testicular atrophy and may impair spermatogenesis.14? CC
is a selective estrogen receptor modulator that promotes testicular spermatogenesis and
increases T levels by blocking estradiol feedback at the hypothalamus, thus increasing
pituitary release of LH and FSH.348 Investigators have shown CC to be safe, and to raise the
levels of T and gonadotropins.148149 [n a recent investigation in hypogonadal men, CC was
as effective as T gel in restoring T levels, although both were less effective than parenteral
T.349 Further support to these observations is given by a study demonstrating that 60% of
hypogonadal men respond to CC.350 All three produced similar scores for patient
satisfaction on a quantitative ADAM questionnaire.48349

CC can be effective treatment for hypogonadism in appropriate patients. The product is
administered orally every second day, and the dose is adjusted to achieve a T target range.
In Canada, CC is only approved for use in women for ovulation induction. Enclomiphene
citrate is the trans isomer of CC, and a recent phase 2 trial against topical TRT in men with
secondary hypogonadism demonstrated its ability to preserve sperm production and to
increase levels of T, estradiol and FSH at a daily dose of 12.5 mg or 25 mg.

In peripheral tissues, the aromatase enzyme is responsible for the metabolism of T to
estradiol. Excess aromatase activity (identified by an abnormal T/estradiol ratio) can be
identified in some men with severely defective sperm production. By blocking T
metabolism to estradiol, aromatase inhibitors (testolactone [not available in Canada],
anastrazole and letrozole) can increase endogenous T production and increase sperm
production. In infertile men with nonobstructive azoospermia, these drugs can return
sperm to the ejaculate. The use of these drugs is not approved for this purpose, and more
clinical trial data are required.351

The correction of metabolic abnormalities associated with TD is a prime consideration not
only in men with infertility. Although there is a scarcity of reliable studies assessing the
effects of treating the Metabolic Syndrome in cases of infertility, there is increasing
evidence showingthat this may be a worthwhile approach.352 As mentioned previously,
semen parameters improve following bariatric surgery in obesity-related hypogonadism and
infertility.17?

In situations where maintaining fertility is a priority, patients with hypogonadism should
be referred to specialists with expertise in the field.

OSTEOPOROSIS

Researchers in France evaluated sex hormones and bone turnover markers in 65
osteoporotic men and in an age-matched control group of 40 men.353 They found the mean
level of SHBG was 38% higher in middle-aged men with osteoporosis, and it showed a
significant negative correlation with BMD. SHBG also correlated strongly with serum
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C-telopeptide of type I collagen (sCTX, a marker of bone resorption). TT correlated weakly
with BMD.

Polish investigators evaluated BMD and sex steroid hormones in 55 men with CAD and 30
matched controls.354 They were unable to find a correlation between sex hormones
concentrations and BMD; the lowest femoral neck BMD was found in men with the most
advanced form of CAD. After adjusting for age and BMI, however, their analyses showed
lower serum T in a subgroup of 26 men with lower BMD (T-score less than -1.0 at lumbar
or femoral region) compared to the 25 men with CAD and normal BMD.

Twenty-seven older men (age 65 to 85 years) with minimal traumatic hip fracture (MTHF)
were recruited into a study between 1 and 3.5 months following the event, thus avoiding
the acute and surgical stress that may lower serum T and serum T determinations.3>> There
were three control groups: older patients with nonimmobilising stroke (age 65 to 81 years;
n=12); healthy younger men (age 20 to 30 years; n=138); and healthy older men (age 60 to
80 years; n=110). Serum T, bioavailable T and free T were significantly lower in MTHF men
compared to men after stroke. Approximately 90% of MTHF men had serum T levels 2
standard deviations (SD) below the mean of the healthy young men, and 30% had levels 2
SD below the mean of the healthy older men (less than 11 nmol/L and less than 6 nmol/L,
respectively). The mean of trabecular BMD at the spinal level was significantly lower in
MTHF men compared with that of men after stroke. The authors suggested low serum T
was relevant for bone loss and the development of fragility fractures in men.

Investigators in The Netherlands reported that 8.3% of men with osteoporosis who
presented with clinical vertebral or nonvertebral fractures at a hospital emergency
department had hypogonadism, defined as a complex of symptoms plus a total T level less
than 8 nmol/L.356

A Brazilian investigation in men over 50 years of age with osteoporosis also found a 2-fold
increase in LOH (cFT less than 6.5 ng/dL), compared with a matched control group with
normal BMD (25% versus 12.2%, odds ratio 2.08, 95% CI = 1.14 to 3.79).16 The prevalence
was higher than that observed by Fink and associates in the Osteoporotic Fractures in Men
Study (MrOS) of 2447 community-dwelling men aged 65 years and older.3>7 BMD and sex
steroid measurements were obtained at baseline; osteoporosis was found in 130 men
(5.3%), and 73 men (3.0%) had low T (T deficient; TT less than 6.9 nmol/L). The
investigators found a 2-fold increase in low T in men who had osteoporosis compared to
men with normal BMD (6.9% vs. 3.2%). In T-deficient men, the proportion with
osteoporosis was 2-fold increased compared to men with normal T (12.3% versus 6.0%).

Ensrud and colleagues followed 1267 MrOS study participants over an average of 1.8 years
and evaluated the 132 men who lost weight.3>8 They found an increased rate of bone loss at
the hip that was most pronounced in men with a higher baseline SHBG, lower baseline
available estradiol, and a greater decline in BAT.

Ten-year data from the Taiji Cohort Study in Japan were available for 153 men in four
distinct age cohorts (40 to 49 years, 50 to 59 years, 60 to 69 years, and 70 to 79 years).35°
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The investigators adjusted their analyses for age and BMI, and found the level of FT was
significantly related to the rate of BMD change at the femoral neck at three years, but not at
7 or 10 years. They concluded that free T serum levels could be a useful predictor of short-
term femoral neck bone loss.

Thus it seems prudent to measure T levels in men with osteoporosis and especially men
with fragility fractures. It is also prudent to measure bone density in those men who are
found to be hypogonadal.

SARCOPENIA

In older people, loss of muscle mass has been defined as sarcopenia.3¢0 This loss is
associated with a loss of muscle strength and power, although many other causes can
produce similar outcomes. Sarcopenia has been defined as a clinical syndrome, and the
definition has been recently expanded to include low muscle function.

Investigators at the University of Connecticut Health Center evaluated older community-
living men and women and found the prevalence of sarcopenia was 22.6% in 195 women
aged 64 to 93 years, and 26.8% in 142 men aged 64 to 92 years.3¢1 The prevalence was
higher in volunteers 80 years and older; 31.0% and 52.9% in women and men,
respectively. BMI was a strong predictor of skeletal muscle mass in women and men. In
men, strength, power and BAT were also predictive.

van den Beld and colleagues found a relationship with BAT (non-SHBG-bound) and muscle
strength in 403 healthy men aged 73 to 94 years.3¢2 Independent of age, serum T was
positively related to isometric grip strength and leg extension strength.

Similar results were obtained by Perry and associates.363 Age was inversely related to T
and bioavailable T in 65 African-American men aged 70 to 102 years, and T was correlated
with functional tests and with upper-limb and lower-limb strength.

Men with hypogonadism may present with sarcopenia, either as part of a symptom
complex or as their major symptom. If the sarcopenia is part of a symptom complex, then
other symptoms and or a complex of symptoms may lead to the measurement of T. In the
absence of other identifiable causes of the loss of muscle function and mass, measuring the
T level may be appropriate.

ANEMIA

Analyses of data from the Third National Health and Nutrition Examination Survey
(NHANES III) identified anemia in 11.0% of noninstitutionalized American men (and 10.2%
of women) aged 65 years and older.3¢4 The cause was indeterminate in one-third of all
cases.3%4 In older persons, anemia is associated with an accelerated decline in physical
functioning and a high risk of disability.36>
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Low T has been identified as a risk factor for anemia in older persons.36> In an Italian study
of 396 men aged 65 years and older, Ferrucci and colleagues found that men in the lowest
quartile of total T were 5.4 times as likely to have anemia as men in the highest quartile,
with 65% of cases unexplained. The three-year incidence of anemia was 8.3% in 274 men
initially without anemia, with a higher likelihood for those men in the lowest total T
quartile. The investigators concluded that, in older persons, low T was a risk factor for
anemia.

Grossmann and associates studied 464 Australian men with T2DM and found that 24% had
anemia (Hgb less than 137 g/L in men aged less than 60, and less than 132 in men aged 60
and older), and 43% had low T (total T less than 10 nmol/L).366 Low T was found more
frequently in men with anemia in comparison to men with Hgb in the normal range (53%
versus 41%, P<0.001]. While eGFR was lower in patients with anemia (66 mL/min/1.73m?
versus 79 mL/min/1.73m?, P<0.05), erythropoietin levels were higher (23 IU/L versus 16
[U/L, P<0.05), and 83% had erythropoietin levels within the normal range, indicating an
inappropriate renal response to anemia in this population.

American investigators evaluated anemia and T in men older than 50 and diagnosed with
pituitary adenoma, and found 46.3% of 67 men with low serum T also had anemia (defined
as Hct less than 0.4).367 The investigators also determined that men with low T had a lower
average Hct compared to men with normal T (0.399 versus 0.456, P<0.001).

Anemia may be diagnosed in conditions associated with a low T level, but is rarely due
solely to low T. In the investigation of anemia, if no other etiology is found, then one should
consider the measurement of serum T.

CHRONIC ILLNESS

There are many case reports of hypogonadism in association with a variety of chronic
medical conditions. This section will present information on the presence of hypogonadism
and its response to TRT in two well-studied conditions.

Long-term glucocorticoid use leads to alterations in the hypothalamic-pituitary-testicular
axis with a high prevalence of low T342 and decreases in muscle and bone mass.368 In a 12-
month study in 51 men, Crawford and colleagues observed a significant increase in spine
BMD (4.7%), lean body mass (3.5%) and improved quality of life.3¢° There was no
significant difference in hip BMD. A smaller study in 15 asthmatic men on long-term
glucocorticoid therapy found a nearly 4% significant rise in lumbar BMD after 12 months of
monthly T injections.370 There were no changes in hip BMD. Data on fracture rates and
long-term data in large groups of patients are lacking.

Long-term opioid use is known to cause hypothalamic-induced hypogonadism affecting up

to 5 million people in the US.371.372 Finch and colleagues reported a prevalence of low T

levels in 87% of men receiving intrathecal opioid, with 69% exhibiting low bone mass.373
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Following TRT for more than 2 years, the rate of low bone mass in these 11 men was
reduced to 27%. In a 12-month Italian study, the correction of morphine-induced
hypogonadism in 17 chronic noncancer pain patients improved pain rating indexes (QUID,
the reconstructed Italian version of the McGill Pain Questionnaire), AMS sexual dimension
scores, and SF-36 Mental Index scores.374 Hallinan and associates found that 54% of 103
men with a mean age of 37.6 years receiving maintenance methadone or buprenorphine
had low T levels, and low T levels were found in 65% of the methadone-treated men.375
Rubinstein and colleagues made the very pertinent observation in a group of 81 men
receiving long-term opioids there was a high prevalence of hypogonadism that was
associated with the duration of action of the opioid but not with its total daily dose.376

HUMAN IMMUNODEFICIENCY VIRUS (HIV) INFECTION

The presence of low levels of T is common in HIV-infected men.377.378 High rates of
hypogonadism were reported prior to the introduction of highly active antiretroviral
therapy (HAART) or combined antiviral therapy (cART), mainly in association with low
levels of FSH and LH.37° While hypogonadism still appears more common in HIV-infected
men compared to the general population, immunoassay determinations of total and FT can
be affected by altered albumin levels and increased levels of SHBG, resulting in variations
in the reported prevalence.379.380

In AIDS with wasting, there is a correlation between lower androgen levels and loss of both
weight and muscle mass, and depressed mood.381 TRT has shown modest improvements in
mood, body composition or muscle strength in many of the early studies in this population,
most of which were of short duration.37°

The TRiUS registry, an observational study of 849 hypogonadal men, identified an
improvement in depressive symptoms and sexual function and stabilization in weight and
bone mass in the HIV/AIDS cohort of 82 men following 12-months of treatment with
topical T gel.382 In a review of placebo-controlled trials of less than 6-months duration,
Bhasin and associates showed a modest improvement in body weight and lean body mass
in T-treated men.242 When compared to resistance exercise, TRT provided similar gains in
lean body mass and muscle strength but did not show additive effects in a 16-week
randomized, placebo-controlled, double-blind trial.383

Hypogonadal men with HIV have shown improvements in fatigue and depression with
short courses (typically less than 6 months) of TRT. In a double-blind placebo-controlled
trial of 70 men, TRT improved libido, fatigue and depressed mood, and produced gains in
muscle mass over the course of 6 weeks, which were maintained to 18 weeks.384 T was
superior to fluoxetine with regards to reducing fatigue in a blinded comparative study in
123 men, and although mood response rates were higher in the T-treated men versus
fluoxetine-treated men or men in the placebo group, this did not reach statistical
significance.385 Grinspoon and colleagues conducted a placebo-controlled trial in 52
hypogonadal men with AIDS wasting, and observed that TRT produced a significant
improvement in Beck Depression Inventory (BDI) score.38¢ They also identified a positive
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correlation between weight gain and the depression score in all patients, but weight gain
was greater in the T-treated patients.

DEPRESSION

The prevalence of depressive illness is common in hypogonadal males, with prospective
follow-up showing an increased incidence.387-389 Several investigators have also identified
an association between low T levels and subthreshold depressive disorders such as
dysthymia or minor depression.390-392 This relationship between low T levels and
depressive symptoms is multifactorial and is confounded by numerous factors, including
concurrent illness, obesity, smoking, alcohol use, diet and other items.393

Trials of TRT have been conducted in men with major depressive disorder and
subthreshold depression, and the data generated by the use of psychometric
questionnaires have generally favoured the active treatment groups. Less consistent results
have been observed in subgroups (eg, men taking an antidepressant, or demonstrating a
partial response to a serotonergic antidepressant). In some investigations, the response
appears to have been affected by the route of T administration. Overall, these studies
suggest TRT has demonstrated short-term tolerability and efficacy in the treatment of
depression, but additional research is required.

Early investigations of TRT have shown conflicting results in improving depressive
symptoms and cognition.387.394 A systematic review and meta-analysis published in 2009
identified 7 randomized, placebo-controlled trials of TRT in depressed patients.39> Using
the Hamilton Rating Scale for Depression (HAM-D), the authors showed overall a
significant treatment-related improvement in depression (P<0.0001). Similar significant
improvements were also seen in subpopulations (hypogonadism and HIV/AIDS), and in
participants treated with T gel. Nonsignificant improvements were seen in eugonadal
participants (in two studies) and in 4 studies of T injection.

Shores and colleagues investigated the blinded use of T or placebo gel for 12 weeks,
followed by a 12-week open-label extension phase in 33 men with TT levels less than 280
ng/mL and a DSM-IV diagnosis of subthreshold depression (dysthymia or minor
depression).392 At week 12, T-treated men had a greater increase in HAM-D scores and
more TRT-treated men achieved remission that did placebo-treated men (53% versus
19%, P=0.041). At 24-weeks the remission rates were comparable in both groups.

Recent RCTs have evaluated different TRT administrations in different populations and
have not shown consistent results. A six-week trial of intramuscular T in 23 men with
midlife-onset male dysthymic disorder demonstrated a significant improvement in
Hamilton Depression Rating Scale (HDRS) score in treated men.3¢ More treated men
showed an antidepressant response by the Clinical Global Impression (CGI) improvement
score (69% [9/13] versus 10% [1/10], P=0.005), a greater decline in the mean BDI score
(P=0.017), and a significant benefit in sexual function domains by IIEF total score
(P<0.001).
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Using the Patient Health Questionnaire-9 (a validated, self-report questionnaire), Khera
and associates identified moderately severe to severe depression symptoms in 17% of 762
men prescribed 1% T gel in an American observational cohort registry.3%7 Participants
were reevaluated quarterly, and significant improvements reached a maximum at 12
months. Clinical improvement was seen in men less than 60 years old and in men taking
antidepressants.

The Beck Depression Inventory-IA (BDI-1A), the Aging Males’ Symptoms (AMS) scale, and
the I[IEF-5 scale were used in a randomized trial in 184 hypogonadal men with the MetS.398
At 30-week assessment, all three measures showed significant improvement in treated
men (P=0.003, P<0.001, and P<0.001, respectively), and the effect was greatest in men with
a baseline T less than 7.7 nmol/L.

Spitzer and colleagues investigated the relationship between T, well-being and mood in a
trial of 140 hypogonadal men with ED.3°° The men were optimized on sildenafil,
randomized to T or placebo gel, and evaluated at 14 weeks. The well-being (Psychological
General Well-Being Index) and mood (Derogatis Affects Balance Scale) scores were similar
to those at baseline, suggesting that TRT in hypogonadal men with ED was not effective in
improving well-being or mood.

Twenty-two men with refractory depression and a TT level less than 350 ng/mL were
randomized in an 8-week trial of T or placebo gel.3%> Treated patients showed significantly
improved scores on the HDRS and CGI severity scale, but not on the BDI. In a 6-week trial in
100 hypogonadal men taking a serotonergic antidepressant for major depressive disorder
and randomized to T or placebo gel, Amiaz and associates showed improvement of sexual
function irrespective of baseline T levels, but without significant effect on depression
scores.*00 The improvement was independent of the baseline T.

SLEEP APNEA

TD is common in men with obstructive sleep apnea (OSA). It involves an interplay of the
common feature of obesity and hypoxia to suppress T levels.#01 While low levels of T have
been associated with more severe sleep-disordered breathing in older men, much of this
association is explained by adiposity.#02 When OAS is treated with continuous positive
airway pressure (CPAP) therapy, small studies have shown an improvement in OSA
parameters, but the majority of studies have not shown an effect on LH, FSH or T
levels.403,404

The effect of T replacement in men with OSA has depended on the dose and duration of
treatment. In a placebo-controlled crossover study in 17 eugonadal older males, the
administration of weekly parenteral high-dose T for 3 weeks reduced sleep and worsened
breathing.4%> A follow-up study by the same group in 67 men with severe OSA treated with
conventional doses of parenteral T compared to placebo showed worsening OSA
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parameters at 7 weeks but not at 18 weeks.#0¢ The results were not correlated to age or
baseline T.

Ventilatory chemoreflex testing was conducted in a subgroup of 21 men participating in
previous study to examine the differences between the 7-weeks and 18-weeks results.407
The investigators observed a positive correlation between changes in T and the hyperoxic
ventilatory recruitment threshold, and concluded that time-dependent changes in sleep
breathing could be mediated by time-dependent changes in this threshold. They
recommended larger and longer studies to confirm their observations.

It is noted that not infrequently, sleep apnea is associated with hypogonadism that may be
reversible by treatment with continuous positive airway pressure.408

Studies looking at cardiometabolic effects in men with OSA have shown an improvement in
some (insulin resistance, muscle mass, arterial stiffness) but not all metabolic
parameters.#0? Importantly, adverse CV clinical events in T-treated patients were not
increased, but larger long-term studies in severe or untreated disease are lacking.202410

TREATMENT WHEN IN DOUBT

Healthy men show a steady age-associated decline in T levels.#11412 However, at all ages
there are large interindividual variations on the onset, degree and relevance of this
decline.#13 There are also, within the same individual, marked circadian and ultradian
biological variations.?” Ethnicity and heredity, fat mass and its distribution, stress,
intercurrent illness, medications, diet, life style and environmental factors may also
contribute to observed discrepancies.#11.413

As indicated earlier, the diagnosis of TD should be based on the presence of clinical
manifestations and conclusive documentation of subnormal levels of serum T.411.414 Not
infrequently, patients with manifestations compatible with the clinical diagnosis of TD may
have serum levels of T at the lower end of acceptable normal values.36413 After ruling out
other conditions that mimic TD and conducting a comprehensive hormonal evaluation, the
levels of T may persist at the lower end of the “normal” range of values reported by the
local laboratory. The question arises as to what to do in these situations.

Experts disagree on the levels of total T that should trigger therapy. Although there is a
general consensus that to initiate treatment there must be clinical manifestations of TD, the
levels of total T are a matter of significant disagreement.”41> This still leaves a population of
men with symptoms of hypogonadism but total T levels as “persistently borderline”
(usually with values between 8 and 12 nmol/L).2414

There are 2 strategies of TRT: a) substitution to alleviate symptoms and prevent
complications of TD in men with documented low serum T; and b) pharmacological
treatment in older men who are not biochemically androgen deficient, but where the aim is
to prevent osteoporosis, anemia, frailty or sexual dysfunction.36:98,140,416,417
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There are numerous valid, controlled, randomized studies and meta-analyses supporting
the benefits of substitution T therapy.?8124.140,205321416-419 However, an electronic database
search of published literature was unable to identify clinical trials supporting the use of
androgen treatment to prevent potential pharmacological adverse outcomes.

Due to the absence of reliable long-term data supporting the risk-benefit ratio of T therapy,
T administration should be only in symptomatic men with convincingly low serum
T.98140,413,417 [y the presence of a man with clinical manifestations of TD in whom other
causes have been excluded but in whom a thorough laboratory assessment fails to
convincingly confirm the diagnosis, a three-month therapeutic trial of T administration has
been suggested.55417 Also, it has been suggested that the response to T treatment be
considered part of the diagnosis, but there are no clinical data to support this position.5¢

MONITORING RESPONSE

There are no randomized placebo-controlled studies of TRT looking for adverse events as
primary outcomes. Adverse events are gleaned from reports from within randomized
placebo-controlled studies and case reports. Monitoring guidelines are therefore based on
low-quality evidence but are nonetheless of high priority to ensure that any potential
adverse events will be detected promptly and rectified.#20421

Protocols for monitoring have also been derived from knowledge of the physiology of T and
reviews of the expected timeline for the potential onset of the event or side effect.#22 In
addition to monitoring to identify if the patient has reached endocrinologic targets,
monitoring also identifies hematologic and prostate changes, as described below.

Hematologic monitoring

Hypogonadal men have lower Hct levels as part of the TD, and it is accepted that TRT will
increase Hgb and Hct levels. Increases in Hct of 5% to 10% are not uncommon, and depend
in large part on the pretreatment T level and the T formulation used. Intramuscular (IM)
administration of T is most likely to increase the Hct. Polycythemia was reported in 24% of
men in two IM placebo-controlled studies.#23424 Hct is a major determinant of blood
viscosity. It is recommended to follow Hct because it is more predictive of the risk of
thrombosis than is Hgb.25425 However, there is no hard endpoint above which thrombosis
risk becomes significant, nor below which the risk of thrombosis is zero.

The Endocrine Society Guidelines have chosen an Hct of 54% as the upper limit of safety
for T therapy.2> There is no randomized study that validates this cutoff. Since the Endocrine
Society Guidelines were published in 2010, many practitioners have adopted this protocol,
which pragmatically has worked well. Thrombosis with TRT in the absence of overt
polycythemia or structural venous disease is an exquisitely rare event. The authors of these
guidelines believe that in the absence of definitive data, an Hct cut off of 54% is reasonable.
However, a lower Hct of 52% would, in theory, provide for a lower risk of thrombosis.
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Three months after the initiation of TRT coincides with one cycle of red blood cell turnover.
This has historically been chosen as a time to verify polycythemia has not developed. We
agree that a three-month check is appropriate, but note that the peak effect of red cell mass
may occur after 3 months and before 12 months.#22

Prostate monitoring

TRT will increase PSA and prostate volume over the first year of treatment.422 Current
society guidelines contain evidence-based recommendations for monitoring men receiving
TRT for prostate changes.2>291 Guidelines recommend both DRE and PSA testing, and the
combination has been found more effective in detecting PCa than either alone.426.427
General monitoring recommendations are provided in Table 12 and more specific prostate-
related information is contained in the Prostate Cancer section of this Guideline.

RECOMMENDATIONS

Diagnosis

1. Strong recommendation for. In patients with strong clinical evidence (Table 1) of TDS
and low T levels, we recommend making the diagnosis of TDS and conducting a trial of TRT
rather than not making such a diagnosis and beginning treatment, except in circumstances
shown in recommendations 23 and 24. (Strong recommendation, moderate quality
evidence).

2. Strong recommendation against. In patients who do not have both clinical (Table 1)
and at least equivocal biochemical evidence of TD, we recommend against making a
diagnosis of TDS and a consequent trial of TRT, except in circumstances shown in
recommendations 3 to 6. (Strong recommendation, low quality evidence).

3. Weak recommendation for. We suggest assessing T levels and treating with T those
men with documented low T presenting with symptoms of depression who are refractory
to standard therapy, rather than no further evaluation for hypogonadism.38® (Weak
recommendation, very low quality evidence).

4. Strong recommendation for. We recommend assessing T levels and treating with T
those men with documented low T and sarcopenia and/or anemia in the absence of other
identifiable causes, even if they have no other signs and symptoms of hypogonadism, rather
than no evaluation or treatment for hypogonadism.361.365428 (Strong recommendation,
moderate quality evidence).

5. Weak recommendation for. We suggest assessing T levels and treating with T those
men with documented low T receiving chronic glucocorticoid or chronic opioid therapy
even in the absence of symptoms or signs of hypogonadism, rather than no evaluation for
hypogonadism.375 (Weak recommendation, low quality evidence).

6. Weak recommendation for. We suggest assessing T levels and treating with T those
men with documented low T and with HIV who have had weight loss even in the absence
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of other symptoms and signs of hypogonadism rather than no evaluation for
hypogonadism.#2° (Weak recommendation, low quality evidence).

7. Weak recommendation against. We suggest against biochemical testing for
hypogonadism in men with ED who are otherwise asymptomatic, in favour of testing only
when they have failed a trial of PDE-5 inhibitors.32° (Weak recommendation, low quality
evidence).

8. Weak recommendation against. We suggest against the exclusive use of
questionnaires to identify symptomatic patients appropriate for biochemical testing, in
favour of a thorough history and physical examination. (Weak recommendation, low
quality evidence).

9. Strong recommendation for. We recommend that all men with TDS be evaluated for
secondary or reversible causes of hypogonadism, rather than no further investigation
(Table 2). (Strong recommendation, moderate quality evidence).

10. Strong recommendation for. We recommend that T levels be measured using T
assays traceable to internationally recognized standardized reference material and that all
commercial T assays be certified by the Centres for Disease Control Testosterone
Standardization Program.430 (Strong recommendation, high quality evidence).

11. Strong recommendation for. We recommend determination of TT as the first-line
biochemical test among men with signs and symptoms of hypogonadism, rather than BAT
or FT.60 (Strong recommendation, high quality evidence).

12. Strong recommendation for. We recommend that laboratory testing for SHBG, cFT,
cBAT or BAT be restricted to men with symptoms of TDS and equivocally low T levels,
rather than being performed routinely in all patients being investigated for hypogonadism.
(Strong recommendation, moderate quality evidence).

13. Strong recommendation for. We recommend that sample collection for T, occurs
between 7 am and 11 am, or within 3 hours of waking in the case of shift-workers, rather
than sampling later in the day.®® (Strong recommendation, moderate quality
evidence).

14. Strong recommendation against. We recommend against routine measurement of
bone mineral density (BMD) in men with TDS before age 50.45356 (Strong
recommendation, very low quality evidence).

15. Weak recommendation for. We suggest that men with TDS over the age of 50
undergo a fracture risk assessment with subsequent management based on the
osteoporosis guidelines.35¢ (Weak recommendation, very low quality evidence).
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Treatment

16. Strong recommendation for. We recommend that men with TDS and no
contraindications receive a therapeutic trial of TRT.?8 (Strong recommendation, high
quality evidence).

17. Weak recommendation for. We suggest that men with symptomatic TDS and stable
cardiovascular disease receive an adequate therapeutic trial of TRT rather than no
treatment.194204.210,.215431,432 (Weak recommendation, low quality evidence).

18. Weak recommendation for. We suggest that men with symptomatic TDS and
localized prostate cancer who have no evidence of active disease receive a therapeutic trial
of TRT.292433 (Weak recommendation, low quality evidence).

19. Weak recommendation for. We suggest that men with indications for treatment of
TDS who have mild-to-moderate lower urinary tract symptoms due to BPH receive TRT.31?
(Weak recommendation, very low quality evidence).

20. Strong recommendation against. We recommend against TRT among men who place
a higher value on maintaining fertility over symptomatic improvement.33? (Strong
recommendation, high quality evidence).

21. Strong recommendation for. We recommend treatment with a PDE-5 inhibitor in
men with persistent ED, who have TDS that is adequately treated with TRT, rather than no
further treatment.!>? (Strong recommendation, high quality evidence).

22. Weak recommendation against. We suggest against the use of T “boosters” and
herbal or plant-derived products to improve libido or erectile function among men with
TDS in favour of no treatment or treatment with TRT where appropriate. (Weak
recommendation, very low quality evidence).

23. Weak recommendation against: We suggest against TRT in men with a history of
breast cancer, in favour of no treatment.264 (Weak recommendation, very low quality
evidence).

24. Strong recommendation against: We recommend against the use of TRT among men
with metastatic prostate cancer and in men at high risk for recurrent prostate cancer, in
favour of no treatment.28¢ (Strong recommendation, moderate quality evidence).

Treatment When in Doubt

25. Weak recommendation for. We suggest that men with a clinical picture strongly
suggestive of TDS (Box 1) but with T levels in the low-normal range, receive a therapeutic
trial of T rather than no further evaluation or treatment. (Weak recommendation, very
low quality evidence).
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Recommendations on Discontinuing Testosterone Replacement Therapy

26. Strong recommendation for. We recommend discontinuing TRT in men with TDS if
contraindications to therapy arise or if there is no improvement in symptoms after an
adequate therapeutic trial, rather than continuing therapy. (Strong recommendation,
high quality evidence).

Recommendations on Monitoring

27. Strong recommendation for. We recommend assessing symptom improvement, lack
of response or occurrence of adverse events at 3 and 6 months after initiating therapy,
rather than no monitoring. (Strong recommendation, high quality evidence).

28. Weak recommendation for. We suggest assessing T levels at 3 and 6 months
following initiation of therapy, and then annually thereafter if stable, rather than less
frequent or no monitoring of T levels. (Weak recommendation, low quality evidence).

29. Strong recommendation for. We recommend assessing hematocrit at baseline, 3 and
6 months after initiation of therapy and then annually thereafter if the hematocrit remains
stable, rather than no monitoring of hematocrit. (Strong recommendation, high quality
evidence).

30. Weak recommendation for. We suggest that men being treated with TRT have
determinations of PSA at baseline, 3 and 6 months after initiation of therapy and then
annually thereafter, rather than no monitoring.258 (Weak recommendation, low quality
evidence).

31. Weak recommendation for. We recommend that men with TDS being treated with
TRT have a DRE performed at baseline, 6 months, and then annually, following initiation of
TRT, rather than no monitoring.28’” (Weak recommendation, very low quality evidence).

CONCLUSION

Despite the contentious nature of many issues involved in the management of TDS, the
Task Force reached consensus in a series of recommendations of practical value for health
care professionals. These range from the need for an in-depth evaluation of the patient
including an appropriate laboratory assessment to reach a diagnosis and the options
available for treatment. The controversial concerns related to cardiovascular and prostate
health in men receiving TRT have been clarified in the light of the best current available
evidence. A sensible plan for follow-up of men treated with T has been delineated. The role
of TRT in body composition and metabolic issues as well as other chronic illnesses (HIV,
depression) has been addressed. Regardless of the comprehensive nature of the guideline,
clinicians must consider the unique characteristics of each patient and make the necessary
adjustments in the management of TD in order to provide the safest and most beneficial
results.
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ABBREVIATIONS

ADAM Androgen Deficiency in the Aging Male questionnaire
AMS Aging Males’ Symptoms scale

AR Androgen receptor

BAT Bioavailable testosterone

BDI Beck Depression Index

BMD Bone mineral density

BMI Body mass index

BP Blood pressure

BPH Benign prostatic hyperplasia

CAD Coronary artery disease

cBAT Calculated bioavailable testosterone
CBC Complete blood count

CcC Clomiphene citrate

CDC Centers for Disease Control and Prevention
cFT Calculated free testosterone

CGI Clinical Global Impression

CHF Congestive heart failure

CMHF Canadian Men’s Health Foundation
Cv Cardiovascular

CVD Cardiovascular disease

DE Delayed ejaculation

DHT Dihydrotestosterone

DRE Digital rectal examination

ED Erectile dysfunction

FAI Free androgen index

FDA US Food and Drug Administration
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FSH

FT
GnRH
HAM-D
hCG
Hct
HDRS
HF
Hgb
HIV
HPGA
[IEF

IM

LH
LOH
LUTS
LVEF
MedDRA
MetS
MI
MTHF
NT-pro-BNP
NYHA
OSA
PCa

PE
PDE5-Is
pro-BNP
PSA
RCT
Rls
SF-36
SHBG
SHIM
SD

T

TD
TDS
TRT
TT
TSH
T2DM

Follicle-stimulating hormone

Free testosterone
Gonadotropin-releasing hormone
Hamilton Rating Scale for Depression
human chorionic gonadotropin
Hematocrit

Hamilton Depression Rating Scale
Heart failure

Hemoglobin

Human immunodeficiency virus
Hypothalamic-pituitary-gonadal axis
International Index of Erectile Function
Intramuscular

Luteinizing hormone

Late-onset hypogonadism

Lower urinary tract symptoms

Left ventricular ejection fraction
Medical Dictionary for Regulatory Activities
Metabolic syndrome

Myocardial infarction

Minimal traumatic hip fracture
N-terminal pro-brain natriuretic peptide
New York Heart Association
Obstructive sleep apnea

Prostate cancer

Premature ejaculation
Phosphodiesterase type 5 inhibitors
pro-brain natriuretic peptide
Prostate-specific antigen
Randomized controlled trial
Reference intervals

Short Form (36) Health Survey

Sex hormone-binding globulin
Sexual Health Inventory for Men
Standard deviation

Testosterone

Testosterone deficiency
Testosterone deficiency syndrome
Testosterone replacement therapy
Total testosterone
Thyroid-stimulating hormone

Type 2 diabetes mellitus
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TABLES AND FIGURES

DEFINITION

Table 1. Signs and Symptoms Associated with TDS

Domain Signs and symptoms

Sexual Decreased libido; erectile dysfunction; decreased frequency of morning erections;
decreased performance

Somatic Increased visceral body fat/obesity; decreased lean muscle mass; decreased strength;
fatigue/loss of energy; decreased physical activity/vitality; low bone mineral density;
anemia; flushes; loss of facial, axillary and pubic hair/slow beard growth; decline in
general feeling of well-being

Psychological Depression/depressed mood; mood changes; irritability; inability to concentrate;
insomnia/sleep disturbances

Table 2. Primary, Secondary and Mixed Hypogonadism?5.2530.33,87

Primary Secondary Mixed

Etiology Testicular failure HPGA impairment Combined, although one

(primarily affected by | (impaired by obesity) may predominate

aging)
T level Low Low Low
Gonadotropin (LH Elevated Normal or low-normal LH normal (may be low in
and FSH) levels obese men)
Spermatogenesis Impaired Impaired Impaired

Note: T = testosterone; HPGA = hypothalamic-pituitary-gonadal axis; LH = luteinizing hormone; FSH = follicle-
stimulating hormone.
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NEEDS ASSESSMENT
Table 3. Needs Assessment: Distribution of the target audience by specialty
Response Chart Percentage Count
. . 76% 115
A. Family Physician
. 9% 14
B. Urologist
. . 7% 10
C. Endocrinologist
9% 13
D. Other
Total Responses 152

Table 4. Needs Assessment: How comfortable are you with the diagnosis of TD?

Response Chart Percentage Count
26% 40
A. Not comfortable
46% 71
B. Somewhat comfortable
27% 42
C. Very comfortable
Total Responses 153

Table 5. Needs Assessment: As part of our ongoing educational needs assessment,
would you agree to being contacted by the Canadian Men’s Health Foundation in the

future about this topic?

Response Chart Percentage Count
A. Yes, please contact me 6 months 61% 94
from now.
B. No, I prefer not to be contacted by 39% 59
the Canadian Men’s Health
Foundation.
Total Responses 153
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HISTORY AND PHYSICAL EXAMINATION, SCREENING/DIAGNOSTIC QUESTIONNAIRES

Table 6. Patient History Features Associated with TDS

Patient history feature

Type 2 diabetes mellitus

Insulin resistance

Metabolic syndrome

Obstructive sleep apnea

Chronic obstructive pulmonary disease

Osteoporosis or low trauma fracture

Chronic kidney disease and maintenance hemodialysis

Liver disease

Hemochromatosis

Infertility

Frailty

Peyronie disease and penile fibrosis

HIV-1 infection or HIV-associated weight loss

Chronic heroin use

Alcohol abuse

Sellar mass, disease, radiation or trauma

Hyperprolactinemia

Drug therapy (opioids, systemic glucocorticoids, ketoconazole, alkylating agent chemotherapy, GnRH
analogs, antiandrogens, cannabinoids, spironolactone, carbamazepine, valproate)

Testicular cancer treatment (high-dose chemotherapy, adjuvant radiotherapy, unilateral or bilateral
orchiectomy)
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TREATMENT OPTIONS

Table 7. Testosterone Products for the Treatment of TDS5/98434,435

55

Starting or

Compound standard Advantages Disadvantages
dose
Oral agents
Testosterone 120-240 mg | Oral convenience Serum T levels and clinical responses vary
undecanoate TID Modifiable dosage Must be taken with fatty food
Intramuscular agents
Testosterone 250 mg q2- | Low cost Wide fluctuations in circulating T levels,
enanthate 3 weeks Self injection for some men occasionally symptomatic
Multiple injections
Pain and redness at injection site
Relative higher risk of polycythemia
Testosterone 200 mg q2- | Low cost Wide fluctuations in circulating T levels,
cypionate 3 weeks Self injection for some men occasionally symptomatic
Multiple injections
Pain and redness at injection site
Relative higher risk of polycythemia
Testosterone 100 mg g2 Low cost Wide fluctuations in circulating T levels,
propionate days Self injection for some men occasionally symptomatic
Multiple injections
Pain and redness at injection site
Relative higher risk of polycythemia
Transdermal agents
Testosterone 5to 10 Mimics T circadian rhythm Skin irritation, occasional allergic contact
patch mg/day Simple administration dermatitis
Daily administration
Testosterone 40 to 80 T levels within normal range | Possible transfer during intimate contact
gel 1% mg/day Flexible dose modifications Skin irritation at application site in a small
Easy to apply number of men
Readily absorbed Daily administration
Skin irritation less common
Testosterone 60 to 120 T levels within normal range | Possible transfer during intimate contact
solution 2% mg/day Skin irritation less common | Daily administration

(for underarm
application)

The following products are not marketed in Canada:
Testosterone undecanoate injection in castor oil (long-acting IM injection)
Testosterone buccal system (mucoadhesive)
Testosterone pellets for subcutaneous administration (implantation)
Testosterone gel 1.62%, 2%
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Table 8. Testosterone Preparations: Approximate Cost Per Month

Compound Availability and cost Cost of usual or maximum recommended dose:
30 days’ supply (not including pharmacy markup
and professional [dispensing] fee)
Oral agents

Testosterone $0.564 per 40 mg capsule2 6 capsules (240 mg)/day; 180 capsules = $101.52
undecanoate

Intramuscular agents
Testosterone $50.65 per 5 mL vial; 200 200 mg (1 mL) q2weeks; 2 mL/month; $20.26
enanthate mg/mlLa
Testosterone $28.59 per 10 mL vial; 100 200 mg (2 mL) g2weeks; 4 mL/month; $11.436
cypionate mg/mlLa

Transdermal agents
Testosterone $2.0929 per 12.2 mg patch? One 24.3 mg patch (equivalent to 5 mg testosterone)
patch $4.1858 per 24.3 mg patch? per day; 30 patches; $125.574
Testosterone gel | $2.23 per 2.5 g tube? One 5 g tube daily; 30 tubes; $118.299
1% $3.9533 per 5 g tube?
Testosterone gel | $133.98 per 2 x 90 mL pumpb 5 g (4 actuations)/day;

1%

(1.25 g per actuation, 60
actuations per pump)

2x90 mL (120 actuations); $133.98

Testosterone gel | $3.6030 per 5 g tube2 One 5 g tube daily; 30 tubes; $108.09

1% with

pentadecalactone

Testosterone $138.86 per 90 mL pumpb; 120 mg (4 actuations)/day; 2 x 60 mL; $277.72

solution 2%
(for underarm
application)

(30 mg per actuation, 60
actuations per pump)

Cost information (June 2014):
a. Ontario Drug Benefit Formulary/Comparative Drug Index lists the “Drug Benefit Price” for nine generic and
brand testosterone products (available: https://www.healthinfo.moh.gov.on.ca/formulary/ accessed 2014
June 14). Not all available products are reimbursed by this program and product cost and/or coverage in
other provinces may be different.
b. Price obtained from manufacturer’s or pharmaceutical wholesaler’s price list
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CARDIOVASCULAR DISEASE
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Table 9. Investigations of Cardiovascular Surrogate Measures

Ref Population and Surrogate measure or Results
study design outcome(s) of interest
188 26 hypogonadal men, Markers of blood coagulation Markers were unchanged

treated with IM T for 1 year

(plasma free tissue factor pathway
inhibitor antigen [TFPI Ag] and TF-
induced thrombin generation ex
vivo

190

Retrospective chart review,
Veterans Affairs database,
total T checked in 2008;
n=1479

Framingham risk scores for
developing hard coronary heart
disease

Framingham score was
negatively associated with
total T (P<0.0001) and FT
(P=0.03)

436

12-week double-blind RCT
in men with stable angina; T
patch (n=22) or placebo
patch (n=24)

Time to 1-mm ST-segment
depression during the Bruce
treadmill exercise test

T patch group increased at 4
and 12 weeks (P=0.02);
greater magnitude of change
with lower baseline levels of
BAT (P=0.024)

437

Men aged 19-72y,
community based, single-
sample survey; n=1891

N-terminal pro-B-type natriuretic
peptide (NT-proBNP)

Increasing NT-proBNP levels
related to decreasing cFT and
increasing SHBG

438

9-week open-label study in
men with MetS + TD (n=30),
men with MetS (n=25), and
healthy controls (n=25); IM
T g3 weeks to men with
MetS + TD

NT-proBNP

TRT had no significant effect
on NT-proBNP

439

6-month trial in
hypogonadal men age 50-64
with isolated arterial erectile
dysfunction; T gel 2%
(n=30), not treated due to
contraindications to TRT
(n=20)

Markers of endothelial dysfunction
(blood endothelial progenitor cells
[EPCs] and endothelial
microparticles [EMPs])

EPCs and EMPs were
significantly higher in men in
the T group

440

12-month single-arm study
in symptomatic men
between 40 and 70 years
old; 29 hypogonadal men
received open-label T gel
1%, 17 eugonadal were not
treated

Circulating EPC levels

No difference at baseline;
treated men showed
significant increase at 3, 6,
and 12 months

191

12-month RCT in
hypogonadal men with
stable angina pectoris; long-
acting T IM (n=7) or placebo
IM (n=6)

Exercise-induced ischemia, lipid
profiles, carotid intima media
thickness (CIMT), and body
composition

TRT: significant
improvements in exercise-
induced ischemia, BMI and
triglycerides; nonsignificant
reduction in CIMT; no change
in total cholesterol and HDL-
cholesterol

189

24-month double-blind
double-dummy RCT in
hypogonadal men, 1000 mg
T IM q12 weeks (n=40) or
placebo gel (n=10)

HOMA-IR, CIMT, high-sensitivity C-
reactive protein (hsCRP)

T group: HOMA-IR, CIMT and
hsCRP significantly reduced at
12 but not at 24 months
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441 Survey of 195 community- Progression of CIMT FT inversely related to mean
living men 270 years old, to progression of age-adjusted
measure endogenous sex CIMT; total T not related to
hormones and CIMT in 1996 progression
and in 2000

442 A single survey in 403 CIMT Age-adjusted serum T,

community-living men aged
73 to 94 years

estrone, and free IGF-1 were
inversely related to CIMT

192

9-week open-label study in
men with MetS + TD (n=30),
men with MetS (n=25), and
healthy controls (n=25); IM
T g3 weeks was given to
men with MetS + TD

Heart-rate variability (HRV) by 24-
hour Holter monitor

At baseline, all time-domain
and most frequency-domain
HRV parameters were
significantly lower in MetS +
TD versus controls; TRT
improved HRV parameters;
they did not reach control
values

443

3 trials (106 men)
comparing T vs placebo in
men with intermittent
claudication or critical leg
ischemia; meta-analysis

TRT produced no significant
improvements

444

Double-blind, cross-over
RCT; 12 men received 60 mg
T or placebo via the buccal
route

Central hemodynamics monitored
over 6 hours, using a pulmonary
flotation catheter

Acute increase in cardiac
output, apparently via
reduction of left ventricular
afterload

445

Measure of T in men 30 to
85 years old with recent
(within 6 to 12 hours)
myocardial infarction (M,
confirmed by troponin I
level) (n=60), versus
matched controls (n=60)

The relationship of total T in men
with a recent MI versus matched
controls

Strong inverse relationship
between T in men with recent
MI compared with controls

446

18 hypogonadal males and
12 matched controls;
transdermal T gel 1%, 90-
day trial

Arterial stiffness, as assessed by
pulse wave velocity

Normalizing T improved
arterial stiffness
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Table 10. Testosterone Replacement Compared to Placebo for Adult Men with
Testosterone Deficiency Syndrome

Patient or population: Adult men with TDS

Settings:
Intervention: TRT
Comparison: Placebo

Outcomes Illustrative comparative |Relative effectf No. of Quality of Ref
risks* (95% CI) (95% CI) |participant|the evidence
Assumed| Corresponding S (GRADE)
risk risk (studies)
Placebo | Testosterone
Replacement
MedDRA classified Study population OR5.4 209 Low123456 205,206
cardiac events 49 per 216 per 1000 (2 to 149) (1 Study]
Examination by 1000 (93 to 432)
physician, review of
medical records, Moderate
physician notification
and self-report
Follow-up: <12 to 24
weeks
Risk of hospitalization | 13 per 11 per 1000 HR 0.84 25431 Very low 209
for MI 1000 (9to 13) (0.69 to 1.02) | (1 study)
Claims data Medicaid
Services beneficiaries.
Follow-up: mean 1495
days?
All cause mortality Study population RR 1.21 476 Low#*89.10 140,447-451
FOllOW'up: 6-36 107 per 129 per 1000 (07 to 181) (5 Studies)
months 1000 | (75t0194)
Moderate
50 per 61 per 1000
1000 (35t090)
High
200 per | 242 per 1000
1000 (140 to 362)
Coronary bypass Study population RR 1.35 158 Very low#11,12| 436,449,450
surgery 25 per 34 per 1000 (026 to 696) (2 Studles)
FOllOW'up: 3-36 1000 (7 to 176)
months
Moderate
Myocardial infarction Study population RR 0.91 1054  [Very low813.14{124,140,436,448-
Follow-up: 3 - 36 10 per 9 per 1000 (0.29 to 2.82) | (7 studies) 453
months 1000 (3 to 28)
Moderate
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes.
The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the
relative effect of the intervention (and its 95% CI).

Note: CI = confidence interval; RR = risk ratio; OR = odds ratio; HR = hazard ratio

1 Cardiovascular-related events included serious cardiovascular adverse events and events of uncertain
cardiovascular significance such as elevated blood pressure, tachycardia with fatigue, peripheral edema, LV
strain pattern during exercise testing, ectopy on ECG. When only the life-threatening and serious
cardiovascular events were included, there was not a significant difference between the intervention and
treatment groups. Furthermore, based on the adverse events, the trial was stopped early. Finally, most of the
patients were recruited from one site, which may also have influenced the results.

2 The results of this trial are not in keeping other meta-analyses and systematic reviews such as those
conducted by Carson et al. 2012,45* Fernandez-Balsells et al. 201014° and Haddad et al. 2007.203 Additionally,
systematic review and meta-analyses evaluating the use of T in high-risk patients such as those with
congestive heart failure did not demonstrate significant adverse cardiovascular events.

3 Although the confidence intervals are wide, the imprecision of the estimate is less relevant as the lower limit
of the confidence intervals are 2.0.

4 No explanation was provided.

5 Sensitivity analyses were conducted for potential sources of confounding and did not change the results
significantly.

6 Secondary analyses were done of the sera of men who had had cardiovascular events in the intervention and
placebo arm. Logistic regression performed in these 25 subjects showed a potential association between free
T levels and the odds of a cardiovascular event as defined in this study. The estimate for the OR (95% CI) for
this association was 1.07 (1.00 to 1.15). This inference is limited by the small numbers and the limits of the
confidence interval.

71495 days in the intervention arm and 1193 days in the control arm.

8 Allocation of concealment, blinding and loss to follow-up not consistently reported between studies. Most of
the study numbers were small, varying from 40 to 221.

9 The RR was 1.12, with a confidence interval varying from 0.70 to 1.81. The results of the pooled data are
therefore inconclusive with the true effect ranging from a 30% reduction or an 81% increase in the risk of
mortality with T replacement therapy.

10 Given the small size some of these studies it is quite possible that the groups would not be well balanced in
regards to potential confounders despite randomization. It is however, difficult to determine the direction of
influence on the RR.

11 Trial numbers are small and event rates were low, resulting in very wide confidence intervals.

12 English et al. 2000.43¢The placebo group potentially had a higher incidence of risk factors for CAD, This may
therefore have contributed to a lower than expected RR.

13 [ndividual RR of T therapy in the included studies varied from 0.27 to 1.96.

14 Wide confidence intervals around the pooled estimate of 0.91, varying from 0.29 to 2.82
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Table 11. Evidence Profile of Studies Evaluating the Metabolic Effectsof TRT in Patients
with Type 2 Diabetes

Quality Assessment

Study
details

No
of
stud
ies

Design

Risk
of
bias

Inconsist
ency

Indirec
tness

Imprec
ision

Other
consid
eration
S

Quality

Ref

(follow-up

3 to 52 weeks; measured with:

Glycemic Control
Laboratory tests; Better indicated by lower values)

Rando
mised
trials

No
serio
us
risk
of
bias!

Serious?!

No
serious
indirect
ness

No
serious
impreci
sion

None

N=323.
Alcwas
lower in
T treated
groups
compared
with
placebo.
Pooled
mean
differenc
e for 4
studies
was -0.87
(-1.31,-
0.42) %,
and mean
differenc
e for the
5t study
was -0.20
(-0.34, -
0.05) %
at 18
weeks
and -0.11
(-0.34,
0.13) at
30 weeks.

MODERA
TE

234,235,250,251,260

Blood Pressure (follow-u

mean 3-12 weeks; assessed

with: Clinical Examination)

Rando
mised
trials

No
serio
us
risk
of
bias

No
serious
inconsiste
ncy

No
serious
indirect
ness

No
serious
impreci
sion

None

N=277.
No
significan
t
differenc
ein BPin
T treated

group
versus

placebo.

HIGH

IMPORTANT

231,233,234,250,260
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Lipids (follow-up mean 3-30 weeks; assessed with: Laboratory Measurement)

5 Rando
mised
trials

No
seri
ous
risk
of
bias

Serious3

No
serious
indirect
ness

No
serious
impreci
sion

None

N=427
Total
cholesterol
was
improved
inthe T
treated
group in
one study
by -0.21(-
0.44-0.01)
mmol/L at
30 weeks,
with no
significant
change in
the other
lipid
fractions.
In the
pooled
results for
the
remaining
four
studies, the
triglyceride
level was
improved
inthe T
treated
group by -
0.35 (-0.62,
-0.07)
mmol/L,
however
there was
no
difference
for the
other lipid
fractions.

MODE
RATE

IMPORTANT

233-235,250,251

1 The effect size was small and not consistent for the duration of the longer trials suggesting that the

improvent may be transient.

2 Variable changes in anthropometric parameters according to the baseline testosterone level.

3 Results not consistent across trials. Very small changes noted in lipid parameters of questionable clinical

significance.
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Parameter Baseline 3 months 6 months Annually for the Intermittently
duration of TRT
CBC X X X X
Testosterone X X (see note) X X
PSA X X X X
DRE X X X

Note: Or sooner, to ensure physiological replacement and to allow dose titration (depending on the

formulation of testosterone used).

METHODOLOGY

Manual search of papers
identified 370 other references

MEDLINE, EMBASE, CENTRAL
and PubMED
Search for clinical trials and

- 651 (Duplicates removed)

> - 808 (Filters applied to exclude papers
on women, children and animals)

observational studies
January 2009 to April 2014
References: 3848

— 1542 {References removed
. | because patient population,

| intervention, comparison group or
| outcomes not relevant)

2389 Abstracts reviewed |

— 765 {References

847 RBeferences separated by ~
I <1 discarded as not relevant)

topic and sent to authors
|

Total articles: 454

Figure 1. Study Selection Flow Diagram
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Diagnostic Algorithm

Clinical Suspicion of TDS

- Type |l diahetes

- Insulin resistance

- Metabolic syndrome

- HIv-associated weight loss

- Treatment with opioids,
glucocoricoids or ketoconazole

- Chronic alcohol abuse or heroin use

- Liver disease

- Hemochromatosis

- Dsteoporosis

- End-stage renal disease

- COPD

- Dbstructive sleep apnea

- Infertility

- Frailty

- Hyperpraolactinemia

- Sellar region mass, disease,

- Testicular cancer treatment

radiation or trauma

ey Y

L
Measure Tin Al
(between ¥ am and 11 am,
arwithin 3 hours of waking)
Low T £

or low normal T

| Borderline low
I (repeat for confirmation)

Comprehensive laboratory evaluation

l

Consider referral to TDS expert
if strong clinical manifestations
and low normal T

v

- FSH -TEH
-LH - Ferritin
- Praolactin {or percent iron saturation;
- SHBG -CBC
-cFTorcBAT - PSA
h 4

1" Hypogonadism
(Testicular)
Low T + High LHIFSH

v

(Pituitary'hypothalamic)

3 H%/pogonadism
ary
Lowe T + Marmal LHIFSH

Consider treatment or
referral to TDS expert

Mote: cBAT = calculated bioavail able testosterone, CBC = complete blood count, cF T = calculated free testosterone, COPD = chronic obstructive
pulmonary disease, FSH = Follicle-stimulating harmone, HY = human immunodeficiency virus, LH = luteinizing hormone, PSA = prostate-specific
antigen, SHBG = sex hormone-binding globulin, T = testosterone, TDS = testosterone deficiency syndrame, TSH = thyroid-stirmulating hormone.

Figure 2. Clinical Decision Making Algorithm for the Diagnosis of Testosterone

Deficiency Syndrome.
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Therapeutic Algorithm
| Initiate TRT ]
l Improvement |« Y Pl No improvement ]
o ) | J
*AE: not (" AE: dose or ) Measure T
n 3 No AE
dose or administration
route related route related v v
7
Low Consider: Normal
h 4 poor compliance; Consider:
Reduce dose increase; alternate
dose and/or change in route diagnosis;
change route of administration referral
—
4 Y h 4
Continue to monitor for
Stop TRT symptoms and AEs

*Report Adverse Events to: MedEffect Canada.
http: i, he-sc.ge. caddhp-mpsimedefirepor-declarationfindex-eng. php#a?

MNote: AE = adverse event, T = testosterone, TRT = testosterone replacement therapy.

Figure 3. Clinical Decision Making Algorithm for the Treatment of Testosterone
Deficiency Syndrome.
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