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Objectives

* 1. Describe physiology of testosterone axis
INn men

* 2. Review roles played by testosterone In
men: prostate health, erectile function, well-
being, skeleton, and red blood cell
production

3. Discuss treatment of male disorders with
testosterone




Hypothalamic-Pituitary-Gonadal Axis

Kloner RA et al. J Am Coll Cardiol. 2016;67:545-557 .




Hypothalamic-Pituitary-Gonadal Axis Across the Lifespan
Boehm U et al. Nat Rev Endocrinol. 2015;11:547-564.
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Multiple Effects of Testosterone on Body Tissues
Kloner RA et al. J Am Coll Cardiol. 2016;67:545-557.
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Causes of Testosterone Deficiency in Adult Men
Dean JD et al. J Sex Med. 2015;12:1660-1686

Table 2 Testosterone deficiency because of Table 3 Testosterone deficiency because of
hypergonadotropic (primary) hypogonadism hypogonadotropic (secondary) hypogonadism

Congenital Klinefelter's syndrome (47XXY) Congenital Lsolated hypogonadotroplc
: ypogonadism

Androgen receptor defects Kallmann’s syndrome

Noonan S?’f:ldfﬁlﬂe Prader-Willi syndrome
1 _ Cryptorchldls_m Pasqualini syndrome
Acquired Autoimmune Mumps orchitis Acquired  Neoplasia Primary and secondary central

Metabolic Hemachromatosis _ nervous system tumors
Trauma Testicular trauma or torsion Endocrine/ Diabetes
Testicular infarction metabolic Obesity
latrogenic Testicular irradiation disorder Hyperprolactinemia
Drugs latrogenic Hypothalamic—pituitary irradiation
S Drugs
o urgery Surgery
Aging {mlxed_ Aging (mixed
hypogonadism) hypogonadism)




Causes of 2° Hypogonadism in

4220 Men with Sexual Dysfunction
Corona G, Maggi M. J Sex Med. 2015;12:1690-1693.

» Only 11% had diagnosable classical secondary cause:

Surgery 3.4%

Drugs 2.4% (Opioids, glucocorticoids, cimetidine, TCAS, nicotine,
marijuana)

Empty sella 1.7%

Genetic 1.1%
Radiotherapy 1.1%
Pituitary prolactinoma 1.1%
Trauma 0.1%

Comorbidites: Obesity, central adiposity, metabolic syndrome,
HIV, untreated sleep apnea, medical stress

» 70.7% of subjects had metabolic disease: obesity, DM2, or metabolic %
syndrome




Symptoms of Testosterone Deficiency in Adult Men
Dean JD et al. J Sex Med. 2015;12:1660-1686

Table 4 Symptoms of testosterone deficiency

Symptoms of testosterone deficiency

Physical function Reduced muscle strength
Impaired physical coordination
Impaired balance
Physical frailty
Cognitive function Impaired concentration
Impaired verbal memory
Impaired visual-spatial awareness
Sleep Fatigue, tendency to fall asleep during the day
Insomnia
Falling asleep
Staying asleep
Reduced sense of general well-being
Reduced energy and motivation
Anxiety
Depression
Irritability
Sexual function Reduced sexual desire
Infrequent or absent nocturnal erection and
erection on wakening
Impaired erectile function
Impaired ejaculatory function
Impaired orgasmic function




Causes of Increased SHBG
Dean JD et al. J Sex Med. 2015;12:1660-1686

Table 5 Causes of raised and decreased sex hormone
binding levels (SHBG)

Conditions that decrease SHBG  Conditions that increase SHBG

Anabolic steroids Aging men

Polycystic ovary syndrome Oral contraceptives

Hypothyroidism Pregnancy,

Obesity Hyperthyroidism,

Cushing’s syndrome Cirrhosis,

Acromegaly Anorexia nervosa
Long-term calorie restriction
Carbamazepine




Studies of Hypogonadism in Aging Men

Dean JD et al. J Sex Med. 2015;12:1660-1686.

Table 1 Cross-sectional and longitudinal studies of hypogonadism in aging men
Age at
Baseline

Study n (years) Diagnosis of hypogonadism Results

The Massachusetts 1667 40-70 >3 signs or symptoms associated with low T Crude prevalence of
Male Aging Study (hypoactive sexual desire, ED, depression, androgen deficiency at
[4] lethargy, inability to concentrate, sleep disturbance, baseline and follow-up

irritability and depressed mood) and total T <6.9 or was 6.0% and 12.3%
6.9—13.88 nmol/L (200—400 ng/dL) with free T
<300 pmol/L (8.9 ng/dL)

Boston Area 1475 30-79 One specific symptom (hypoactive sexual desire, ED, Crude prevalence of
Community Health osteoporosis), or 22 nonspecific symptoms (sleep symptomatic androgen
Survey [5] disturbance depressed mood, lethargy or low deficiency was 5.6%

physical performance) and total T <10.4 nmol/L
(300 mg/dL) and free T < 170 pmol/L (5 ng/dL)

European Male 3219 40-79 >3 sexual symptoms in a male with a total T Overall prevalence of

Aging Study [6] <11 nmol/L (320 ng/dL) and a free T <220 pmol/L hypogonadism was
(6 ng.dL) 2.1%
Hypogonadism in 2162 >45 Total T <10.4 nmol/L (300 mg/dL) Crude prevalence rate of

Male [7]

hypogonadism was
estimated as 38.7%

ED = erectile dysfunction; T = testosterone.



Gonadal Status and Age in 3119
Community-Dwelling Men Aged 40-79 Years

Tajar A et al. J Clin Endocrinol Metab. 2010;95:1810-1818.

Testosterone=10.5 nmol/L

Primary Compensated
Hypogonadism Hypogonadism
63 (2.0%) 303 (9.5%)
Distributions of gonadal status by 10 year age bands
40-49 @50-59 O60-69 O70-79

Eugonadal Secondary Compensated
Hypogonadism Hypogonadism Hypogonadism

Secondary Total Testosterone (nmol/L) ——

Hypogonadism
375 (11.8%)

2,436 (76.7 %)




Gonadal Status and Age in 3119
Community-Dwelling Men Aged 40-79 Years

Total T (nmolVL)

Tajar A et al. J Clin Endocrinol Metab. 2010;95:1810-1818.
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Gonadal Status and Age in 3119

Community-Dwelling Men Aged 40-79 Years

Tajar A et al. J Clin Endocrinol Metab. 2010;95:1810-1818.

TABLE 3. Symptoms association (sexual and physical) with hypogonadal status

OR (95% Cl)

Secondary Primary Compensated
Dependent variables hypogonadism hypogonadism hypogonadism
Sexual symptoms
Unadjusted
Decreased morning erections 1.57 (1.25-1.98)¢ 3.77 (2.14-6.64) 2.17 (1.68-2.78)
Erectile dysfunction 1.38 (1.08-1.77)° 3.83(2.18-6.73) 2.97 (2.30-3.83)7
Decreased frequency of sexual thoughts® 1.10 (0.85-1.44) 3.50 (2.03-6.02)° 2.14 (1.65-2.78)¢

Adjusted for age

Decreased morning erections 1.55 (1.21-1.98)¢ 1.85(1.01-3.38)° 1.21 (0.92-1.58)
Erectile dysfunction 1.34(1.01-1.77)° 1.39(0.73-2.63) 1.35(1.01-1.81)?
Decreased frequency of sexual thoughts?® 0.97 (0.71-1.32) 3.78 (1.61-8.86)° 0.64 (0.39-1.06)
Adjusted for age, BMI, smoking status, alcohol
intake, comorbidity, and marital/partner status
Decreased Morning erections 1.42 (1.09-1.86)° 1.76 (0.93-3.32) 1.18 (0.89-1.56)
Erectile dysfunction 1.15 (0.85-1.56) 1.38 (0.71-2.70) 1.34 (0.99-1.82)
Decreased Frequency of sexual thoughts?® 0.97 (0.70-1.35) 3.68 (1.44-9.42)° 0.63 (0.38-1.06)




Evaluation of Men Suspected of Androgen Deficiency
Bhasin S et al. J Clin Endocrinol Metab. 2010;95:2536-2559.

History and physical (symptoms and signs)

Morning Total T| ——

1

Exclude reversible illness, drugs, nutritional deficiency
Repeat T [use free or bioavailable T, if suspect altered SHBG*]
LH+FSH
SFA [If fertility issue]

Confirmed low T [Low total T *; or free or bioavailable T®)]

Low T, low or normal LH+FSH Low T, high LH+FSH Normal T, LH+FSH
(secondary hypogonadism) (primary hypogonadism)
Prolactin, iron, other pituitary Karyotype [Klinefelter mayo
hormones, MRI [under certain syndrome])
circumstances*]




Assessment and Management of

Testosterone Deficiency in Adult Men
Dean JD et al. J Sex Med. 2015;12:1660-1686

Erectile dysfunction, hypoactive sexual desire, osteoporosis,
other potential symptoms or signs of TD or at-risk patient

History, physical examination and
Morning Total Testosterone (TT

T<12nmol/L (346 ng/dL T>12 nmol/L (346 ng/dL
Repeat TT +LH, SHBG, PRL No TD-seek other causes

+ 1SHBG. bother ++ TDIfT<8nmollL (<346 ng/dL)| | 1,15 nmoid (>346 nafdL

Low/Mormal LH
Exclude contraindications Investigate pituitary + other causes
Reassess, consider Trial of TRT No identifiable .
referral or trial of TRT Lifestyle modification \dentified cause
Monitor TT, FBC] | Review diagnosis 9




Assessment and Management of Testosterone Deficiency

In Adult Men Wishing to Maintain Fertility
Dean JD et al. J Sex Med. 2015;12:1660-1686

Man with TD
Signs and/or symptoms AND repeatedly low TT

Assess possible contraindications or cautions related to TRT
Hematocrit, prostate, others (incl. breast Ca, severe
sleep apnea, severe cardiac failure

If obese, lifestyle modification and weight loss
Exercise, low calorie diet medicalfsurgical intervention

Desire to maintain fertility No desire to maintain fertility

Stimulation of endogenous
T secretion (if LH not elevated)
specialist referral for treatment
with ?SERMs ?HCG + FSH

Follow-up at 3 and 6 months
Signs and symptoms, weight, TT, Hct, PSA

mayo
Not improved after 6 months Improved @
Consider discontinuation Continue 6 month follow-up including

Search for other causesftreatments annual DRE after age 40 years




Clinical Practice Guideline on Diagnosis and

Management of T Deficiency Syndrome in Men
Morales A et al. CMAJ 2015;187:1369-1377.

KEY POINTS

Diagnosis of testosterone deficiency syndrome requires the presence of
the clinical manifestations of testosterone deficiency, together with
documented testosterone levels below the local laboratory ranges.

Treatment is recommended for testosterone deficiency syndrome;
the choice of treatment is based on product safety, efficacy,
tolerability, cost and the absence of contraindications.

Testosterone replacement therapy is appropriate in men with
testosterone deficiency syndrome who have cardiovascular disease or
are at risk of cardiovascular disease.

Hypogonadal men with successfully treated prostate cancer may be
candidates for testosterone supplementation; these patients require
referral to a specialist, because treatment involves close monitoring by a
physician with expertise in the risks and benefits of testosterone therapy.
Regular monitoring for clinical and biochemical response, and for
adverse effects, to testosterone replacement therapy is essential,
particularly during the first year of treatment.




Clinical Practice Guideline on Diagnosis and

Management of T Deficiency Syndrome in Men
Morales A et al. CMAJ 2015;187:1369-1377.

Box 3: Signs and symptoms associated with testosterone deficiency
syndrome’

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

Somatic: Increased visceral body fatfobesity; decreased lean muscle mass;
decreased strength; fatiguefloss of energy; decreased physical activityf
vitality: low bone mineral density; anemia; flushes; loss of fadial, axillary
and pubic hair'slow beard growth; decline in general feeling of well-being

Psychological: Depression/depressed mood; mood changes; irritability;
inability to concentrate; insomniafsleep disturbances




Clinical Practice Guideline on Diagnosis and

Management of T Deficiency Syndrome in Men
Morales A et al. CMAJ 2015;187:1369-1377.

Clinical suspicion of TDS
Type |l diabetes
Insulin resistance
Metabolic syndrome
HIV-associated weight loss
Treatmant with opioids,
icoids or ketoconazole
c alcohol abuse or Hyperprolactinemia
heroin use Sellar region mass, disease,
Liver disease radiation or trauma
Hemochromataosis Testicular cancer treatment

Osteoporosis

End-stage renal diseaso
CoPD

Obstructive sleep apnea
Infertility

Frailty

Measure testosterone in morning
(between 7 am and 11 am,
or within 3 hours after waking)

Low Borderline low
testosterone or low-normal testosterone

(repeat for confirmation)

C shensive laborato luatio
omprehansive laboratory evaluation Consider referral to TD5 expert

if strong clinical manifestations
and low-normal testosterone

Prolactin saturation
SHBG CBC
FT or cBAT PSA

Consider treatment or referral
to TDS expert if clear
manifestations of TDS but
borderline biochamical levels

Primary hypogonadism Secondary hypogonadism
(testicular) (pituitanyhypothalamic)
Low testosterone + high LH/FSH Low testosterone + normal LH/FSH




Clinical Practice Guideline on Diagnosis and

Management of T Deficiency Syndrome in Men
Morales A et al. CMAJ 2015;187:1369-1377.

Start testosterone
replacemenit
therapy

Improvement |< 1;|I No

improvemeant

h

h ¥ h 4

Adverse event® Adverse event® related No adverse .
not related to dose to dose or route of event 'L

or route of administration ¥
administration

Measure testosterone

Low level: Normal level:
Consider poor Consider other
kL J compliance; dose diagnosis; or
Reduce dose or change increase; change refarral to
route, or both in route of expert in TDS
administration

h J Y v

Stop treatment Continue to monitor for symptoms
and adverse avents




Clinical Practice Guideline on Diagnosis and

Management of T Deficiency Syndrome in Men
Morales A et al. CMAJ 2015;187:1369-1377.

Table 1: Potential benefits and harms of testosterone supplementation in men with testosterone

defidiency syndrome*""'8

Organ system

Erectile functionfdibido
Deprassion/moodfatigua

Enythropoiesis

Skeletal muscle

Bone metabolism

Eenign prostatic
hyperplasia

Cancer (metastatic or
high risk of recurrenca)

Cancer {localized and
treated)

‘ Cardiovascular system

Testicla

Benefits

Improvement
Improvement

Increasa in hematocrit

Increase in fat-free mass
Prevention of osteoporosis

Improvement in congestive heart
failure, exercise capacity

Mone beyond manifestations of
testosterone deficiency syndrome

Absolute contraindication

Mone beyond manifestations of
testosterone deficiency syndrome

MNone beyond manifestations of
testosterone deficiency syndrome

Harms

MNone
Aggressive behaviour

Increased risk of polyoyrthemia,
ambolism

MNone

Mone

cardiovascular events

Marginal increase in volume and
prostate-specific antigen level

Recurrence and rapid progression

Potential exacerbation of

Increased risk of thromboembelic ‘
subclinical residual cancer ‘

Atrophy or impairment of
spermatogenasis

on the strength of the evidence, see Appendix 1 (available at weancrmiaj. psupplfdor10. 1503/




Meta-Analysis of Testosterone Supplementation

and Body Composition
Corona G et al. Eur J Endocrinol. 2016;174:R99-R116.

Mean difference

Number
Source of trials . 3 Inff in mean  LL

Bodycomposition

Weight (kg) 32 043
Waist circumference (cm) 7 166
BMI (kgfm®) pa! 0.25
Fat mass* ? 432

Lean mass® | 0.5l

Glyco-metabolic profile

Fasting glycemia (mM) 23 .5 56.49
HOMA index f 5025
Total cholesteral {mbd) 2 13509
Trglycendes (mM} 33 66 Bl
HDL (mM} 0 03.17

Blood pressure
SBP (mmHg)
DEP immHg})

Testosterone vs placebo




Underdiagnosis of Male Osteoporosis

* Under-recognized and under-treated

* Projections from NHANES Il and the 2000 U.S.
Census suggest that:

— About 2 million men have osteoporosis (T-score
less than -2.5)

— About 12 million men have osteopenia (National
Osteoporosis Foundation, 2002)

* Fracture risk increases exponentially with age In
men, beginning about a decade later than in
women

ma§o




Underdiagnosis of Male Osteoporosis

Estimated that:

— 13% of Caucasian men over age 50 will sustain
an osteoporosis-related fracture

— 30% of all hip fractures occur in men

Men twice as likely to die in hospital after a hip
fracture as women

One-year mortality rate after hip fracture Is higher
INn men compared to women (31% vs. 17%)

Fractures increase dramatically in men after age
70




Gender-Specific Differences

In Bone Structure with Aging
Seeman E. J Clin Endocrinol Metab 2001;86: 4576 4584.
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http://jcem.endojournals.org/content/vol86/issue10/images/large/eg1017960007.jpeg
http://jcem.endojournals.org/content/vol86/issue10/images/large/eg1017960007.jpeg

Estrogen Regulation of Bone Turnover in Men
Khosla S et al. Trends Endocrinol Metab. 2012;23:576-581.

| Osteoclasts |

. Apoptosis T Apoptosis

| Oxidative stress . RANKL-induced
1 NF-xB activity differentiation

l Other mechanisms

; l

mayo
| Activation of Maintenance of . Bone resorption @
bone remodeling bone formation

. Apoptosis
Other mechanisms




Risk of Nonvertebral and

Major Osteoporotic Fractures in Aging Men
Barrett-Connor E et al. J Bone Miner Res. 2012;27:2306-2013.

# Cases/TotalN #Cases | TotzIN

All normal levels - 100564 All normaal levels - 19/529

Low VitD only+ 3471183

Low VitD only 117164

Low BioT £ low VitD 4 907206
Low BloT ¢ low VitD{ F 12/183

Low BioE andior high SHBG only+ — 351386
Low BioE andlor high SHBG only - 27315
ow BioE andior high SHBG * low VitD - —_—— 381125 |

> Sex hormone abnormal : low VItD - —— 761252 L A | : ol

LA AN )

05 1 2 345 10 >1 Sex hormone abncrmal : low Vitd —_—— {1

Mjll“ld HR and 85% CI T - TTTT™h
05 ! 345 1

Adjusted HR and 35% CI




Testosterone Effects in Symptomatic Hypogonadism
Kloner RA et al. J Am Coll Cardiol. 2016;67:545-557.

TABLE 1 Testosterone's Role in Therapy of True Symptomatic
Hypogonadism in Young and Older Men

Organ ¥ oung Men
Libido

Erectile function

Lid Lt
L L
[r=]

L L

o
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H

Candiovasoular
Mood
Cognition

i
I el

o

e
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o L

{Fm]
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i

Energy

LA
na]
ug]
Lt

Bone mineral density
Fat mass
Hematopoiesis
Musde mass

Musde strength
Insulin sensitivity

Spem count

mayo
atrong evidence of posithee effect; + = weak svidence of positive effect:

atrong evidence of negative effect; weenl evidenioe of negative offect




Testosterone Effects on Cardiovascular System
Kloner RA et al. J Am Coll Cardiol. 2016;67:545-557.

TABLE 2 Cardiovascular Effects of TRT

CellTissue Phys lologbcal Effect Clindcal Effect Ref. ®

Endathelial functon Enhanced vasodilatation Increased penpheral and coronary blood flow mmna

Hemodynamics Decreased SVR Inreased cardiac output 103,111,115
Decreased LVEDP

CV inflammation and Mo consistent data on CIMT, CRP, IL-1[, IL-&, IL-10, Maone 104
atherosderosis THF-a

Conduction tissue Decreased acton potential duration and eary after- Shortens QTc interval, resulting in improved 116
depolanzations antiamhythmic substrate

Lipid levels Mo consistent effects demonstrated MNone 69-71
Myocardial protecton Activation of STAT3 Decreased reperfusion injury 15
Atheroma Mo consistent effect on VCAMI Mo consistent effect on atherogenesis n3
Hemdostasis Increased TXAZ platzlet aggregation Thrombosis "7

CIMT — carotid arbery intima-media thickness,; CRP - egh-semitiity C-reactive proten; L ek LYEDP = &t vertioular end-daitolic presaine: LVEF =t
e ririou Lar egection fraction; T — QT inberval cormed éad for haart @ be; STATS - cardioprotedive signal tranducer and adivatar of trandmipison; SWCAM-1 = Sodk e vasoul ar
el sdiheson mokEdaile-1; SV - systemc viaaculsr nedist ance: THNF = tufmdr neonods factor; TRT — betastemas repladement therapy: THAZ = thrombixanse A2 heoepior

el e VOANM = v Eoulsr ool sdheion mokeouks 1.




Testosterone Preparations for Treatment of Hypogonadism
Nieschlag E. Best Pract Res Clin Endocrinol Metab. 2015;29:77-90.

Table 1

Testosterone preparations for substitution of hypogonadism.

Route of application

Preparation

Trade name

Intamuscular

Transdermal

Testosterone enanthate
250 mg[2—3 weeks

Testosterone undecanoate
1000 mg, first after 6, then every 12 weeks
750 mg, every 10 weeks
Testosterone

Two systems every 48 h
125 mg in 5 g gel daily

100 mg in 5 g gel daily

2 = 50 mg in 5 g gel daily
60 mg in 2% solution daily
Testosterone undecanoate
3-4 capsules a 40 mg daily
Testosterone

2 tablets daily

Testoviron™ Depot 250
Testosterone Depot™

MNebido™
Aveed™

Testopatch®

Testotop™

Tostran™

Testogel™, Androgel®, Testim®, Androtop™
Axiron®

Androl® Testocaps

Striant™




Testosterone Treatment of Hypogonadism
Nieschlag E. Best Pract Res Clin Endocrinol Metab. 2015;29:77-90.

Practice points

e Testosterone is the most important male hormone and not a life-style drug. Its prescription
requires the proper diagnosis of hypogonadism as well as regular monitoring of therapeutic
effectiveness.

o Substitution therapy should use natural testosterone and aim at physiologic serum levels in
order to avoid adverse side effects.

e Testosterone does not cause prostate carcinoma, but may support its growth. Therefore a
prostate carcinoma must be excluded before substitution is initiated.

e Overdosing should be avoided as it may cause polycythaemia possibly leading to throm-
boembolism, especially in obese and ageing hypogonadal patients.

¢ If erectile dysfunction in hypogonadal patients does not respond to testosterone substitution,
combination with phosphodiesterase-b-inhibitors may be considered.

%




Primary Outcomes in Testosterone Trials 0-12 Months
Snyder PJ et al. N Engl J Med. 2016;374:611-624.
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Primary Outcomes in Testosterone Trials 0-12 Months
Snyder PJ et al. N Engl J Med. 2016;374:611-624.

B walking Ability
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Walking Distance (% of men)
Increase of =4 Points in the

FACIT-Fatigue Score (% of men)

Mo. at Risk Mo. at Risk

Testosterone
Placebao

Testosterone 133
Placebo 137




Adverse Events in Testosterone Trials 0-12 Months
Snyder PJ et al. N Engl J Med. 2016;374:611-624.

Table 4. Adverse Events during the First Year (Treatment Period) of the
Testosterone Trials.*

Placebo Testosterone
(N=394) (N=394)
no. of participants
Prostate-related event
Increase in PSA level by =1.0 ng/ml
Prostate cancer
IPS5 =197
Hemoglobin=17.5 g/dl

Cardiovascular events:

Myocardial infarction (definite or probable)
Stroke (definite or probable)
Death from cardiovascular causes

Myocardial infarction, stroke, or death
from cardiovascular causes

Serious adverse events
Death
Hospitalization

Otherf




Testosterone Across the Female Lifespan

Glaser R, Dimitrakkis C. Maturitas 2013:74:230-234.
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Testosterone Therapy iIn Women: Myths and Misconceptions
Glaser R, Dimitrakkis C. Maturitas 2013;74:230-234.

Testosterone Is a male hormone

Testosterone’s only role in women is sex drive and libido
Testosterone masculinizes females

Testosterone causes hoarseness and voice changes
Testosterone causes hair loss

Testosterone has adverse effects on the heart
Testosterone causes liver damage

Testosterone causes aggression

Testosterone may increase the risk of breast cancer

« 10. The safety of testosterone use in women has not been
established %3
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