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Therapeutic Class Overview

Androgens

| INTRODUCTION |

» Male hypogonadism is characterized by a lack of function of the gonads (testes). It can be categorized by the

level of the reproductive system in which the defect occurs (Dandona and Rosenberg, 2010).

o Primary hypogonadism is hypogonadism resulting from a defect of the gonads.

o Secondary hypogonadism, also known as hypogonadotropic hypogonadism, results from defects in the
hypothalamus or pituitary.

» Male hypogonadism may manifest with testosterone deficiency and/or infertility. Clinical signs and symptoms
depend primarily on the age at the onset of the condition (Petak et al, 2002).

o Postpubertal hypogonadism usually results in slowly evolving clinical manifestations that may include a
progressive decrease in muscle mass, loss of libido, impotence, oligospermia or azoospermia, poor ability to
concentrate, and an increased risk of osteoporosis and fractures (Petak et al, 2002).

e Intramuscular (IM) and topical testosterone preparations are generally recommended for the management of
hypogonadism in adult male patients. The oral alkylated androgens are generally not recommended because of
poor androgen effects, adverse lipid changes, and hepatic side effects (Bhasin et al, 2018; Mulhall et al, 2018;
Petak et al, 2002; Wang et al, 2008).

» Androgens included in this review are Androderm (testosterone) transdermal system; Androgel, Fortesta,
Testim, and Vogelxo (testosterone) topical gels; Methitest (methyltestosterone) oral tablets, methyltestosterone
oral capsules; Aveed (testosterone undecanoate) injection; testosterone topical solution; danazol oral capsules;
Depo-Testosterone (testosterone cypionate) injection; Natesto (testosterone) nasal gel; Striant (testosterone)
buccal system; Testopel (testosterone) pellets for subcutaneous implantation; and testosterone enanthate
injection.

» With the exception of danazol, all agents in this review are Food and Drug Administration (FDA)-approved for
the management of male hypogonadism. Danazol is FDA-approved for the treatment of endometriosis and
hereditary angioedema.

» Methyltestosterone capsules and tablets; Testopel (testosterone) pellets for subcutaneous implantation; and
testosterone enanthate are also FDA-approved for the treatment of delayed puberty in males.

» Methyltestosterone capsules and tablets and testosterone enanthate are also FDA-approved for metastatic
mammary cancer in females.

» All testosterone products are controlled substances (C-Ill). Danazol, an androgen, is not a controlled substance.
» Testosterone gels and solutions have risk evaluation and mitigation strategy (REMS) programs consisting of a
medication guide with information on proper application, potential adverse effects, and preventing inadvertent
exposure to others, specifically women and children. Aveed has a REMS program related to post-injection

reactions (Drugs@FDA, 2018).

o This review primarily focuses on the use of androgens for the management of male hypogonadism.

« Non-labeled indications, such as anemia, hormone therapy for transgender patients, and acquired
immunodeficiency syndrome (AlIDS)-associated wasting syndrome are not addressed in this review.

o Due to the number of branded products in different formulations, generic names and formulations will be used
throughout the review.
o The agents included in this review are listed in Table 1.
o Other androgen products are not included in this review.
= Oxandrolone is a synthetic testosterone derivative FDA-indicated for cachexia.
= Oxymetholone is an anabolic steroid with androgenic properties FDA-indicated for anemias and
myelofibrosis (Micromedex, 2018).
e Compounded products and combination products containing testosterone are not included in this review.
» Medispan therapeutic class: Androgens
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Table 1. Medications Included Within Class Review

Drug Generic Availability
Androderm
(testosterone transdermal system) patch )
Androgel, Fortesta, Testim, Vogelxo (testosterone) topical gel v
Methitest (methyltestosterone) tablets, methyltestosterone Vs
capsules
Aveed (testosterone undecanoate) -
testosterone topical solution v¥
danazol v
Depo-Testosterone (testosterone cypionate) v
Natesto (testosterone) nasal gel -
Striant (testosterone) buccal system -
Testopel (testosterone) pellets for subcutaneous implantation -
testosterone enanthate vi

" A-rated generics are available for Androgel 1% gel. Although an A-rated generic has been FDA-approved for the 1.62% gel, generic
availability of this strength has been delayed based on settlement agreements. Authorized generics are available for Testim, Vogelxo, and
Fortesta. In addition, the FDA has determined that Testim and Vogelxo are therapeutically equivalent.

¥Branded product, Axiron, is no longer manufactured, but it is still available as a generic.

TBranded product, Danocrine, is no longer manufactured, but it is still available as a generic.

* Branded product, Delatestryl, is no longer manufactured, but it is still available as a generic.

SBranded products, Android and Testred (methyltestosterone capsules), are no longer manufactured, but are still available as generics.
Methitest is only available as a branded product.

(Drugs@FDA, 2018; Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations, 2018)
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| INDICATIONS
Table 2. Food and Drug Administration Approved Indications
Indication
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Replacement therapy in males for deficiency or
absence of endogenous testosterone due to primary v v v v v v v v v v
hypogonadism (congenital or acquired)
Replacement therapy in males for deficiency or
absence of endo_genous testo_sterone due .to y y v y y v y y v v
hypogonadotropic hypogonadism (congenital or
acquired)
Stimulation of puberty in carefully selected males
with clearly delayed puberty that is not secondary v v v
to a pathological disorder
Treatment of metastatic mammary cancer in
women with inoperable metastatic (skeletal) y v
mammary cancer who are 1 to 5 years
menopausal
Treatment of endometriosis amenable to hormonal y
management
Prevention of attacks of angioedema of all types v
Limitations of Use:
Safety and efficacy in men with “age-related
hypogonadism” have not been established Y v v Y v v Y Y Y v
Safety in males under the age of 18 years has not
. v v v v v v
been established
Topical testosterone products may have different
doses, strengths, or application instructions that vt
may result in different systemic exposure
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"Aveed should only be used in patients who require testosterone replacement therapy and in whom the benefits of the product outweigh the serious risks of pulmonary oil microembolism
(POME) and anaphylaxis.
T Androgel, Testim, and Vogelxo only

(Prescribing information: Androderm, 2018; Androgel 1%, 2016; Androgel 1.62%, 2016; Android, 2015; Aveed, 2018; danazol, 2018; Depo-Testosterone,
2017; Fortesta, 2017; Methitest, 2016; Natesto, 2016; Striant, 2016; Testim, 2018; Testopel, 2016; testosterone enanthate, 2017; testosterone topical solution,
2018; Testred, 2015; Vogelxo, 2017)

e Information on indications, mechanism of action, pharmacokinetics, dosing, and safety has been obtained from the prescribing information for
the individual products, except where noted otherwise.
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| CLINICAL EFFICACY SUMMARY

e Male Hypogonadism
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In clinical studies, testosterone transdermal system (Androderm), topical gel (Androgel, Fortesta,
Testim) and topical solution have been shown to increase serum testosterone and lean body mass,
decrease body fat, and improve sexual function in men with hypogonadism. Increases in hemoglobin,
hematocrit and prostate specific antigen (PSA) were observed (Brock et al, 2016, Dobs et al, 2012;
Grober et al, 2008; McNicholas et al, 2003; Roy et al, 2017; Steidle et al, 2003; Swerdloff et al, 2000;
Wang et al, 2000; Wang et al, 2004; Wang et al, 2011).

A network meta-analysis of 87 randomized and 51 non-randomized studies concluded that
testosterone replacement therapies, as a class, improved quality of life, libido, depression, and sexual
function as compared to placebo (Elliott et al, 2017). Additionally, individual product comparisons
were also made. Most endpoints did not reveal significant differences between products, but the 1%
testosterone gel was significantly better than the patch for improvement in libido.

A 36-month extension study demonstrated that long-term treatment with testosterone topical gel
(Androgel) maintained increased levels of serum testosterone as well as improvements in sexual
function, positive mood, and body composition. A gradual but significant improvement in hip and
spine bone mineral density was also observed. Increases in hemoglobin and hematocrit plateaued at
12 months, and clinically insignificant increases in high-density lipoprotein cholesterol, serum
creatinine, and total bilirubin were seen. Serum levels of PSA showed no further significant increases
past 6 months of treatment. Treatment-emergent adverse events included application site reactions,
acne, and gynecomastia (Wang et al, 2004).

Head-to-head studies comparing testosterone topical gel (Androgel, Testim) to testosterone patch
(Androderm) have shown greater improvement in serum testosterone levels, lean body mass, and
sexual function as well as fewer adverse events with testosterone gel compared to testosterone
patches in men with hypogonadism (McNicholas et al, 2003; Steidle et al, 2003; Swerdloff et al, 2000;
Wang et al, 2000).

In an open-label study, hypogonadal men on testosterone replacement therapy with suboptimal
response underwent brand substitution and switched between Androgel and Testim. More patients
who switched from Androgel to Testim experienced improvements in libido, erectile function, and
energy levels compared to those who switched from Testim to Androgel. Changing from Testim to
Androgel eliminated or minimized unwanted adverse effects (Grober et al, 2008).

Testosterone buccal system (Striant) was compared to testosterone transdermal system or
testosterone topical gel in 2 randomized controlled studies with hypogonadal men. Testosterone
buccal system was shown to lead to serum testosterone levels within normal ranges that were similar
to testosterone topical gel and transdermal system (Dobs et al, 2004; Korbonits et al, 2004).

A double-blind, randomized controlled trial showed that testosterone cypionate improved grip strength
and increased hemoglobin compared to placebo in hypogonadal men (Sih et al, 1997).

An open-label trial comparing 4 different dosing regimens of testosterone enanthate in men with
primary hypogonadism showed that testosterone enanthate 200 mg every 2 weeks and 300 mg every
3 weeks were most effective in suppressing serum luteinizing hormone to normal, while 100 mg every
week and 200 mg every 2 weeks were effective in suppressing follicle-stimulating hormone to normal
(Snyder et al, 1980).

In a small, open-label study, methyltestosterone was associated with improvement in sexual function
in men with profound testosterone deficiency but no noticeable changes in levels of energy, mood, or
feeling of well-being (Morales et al, 1994).

Aveed was approved via the 505(b)(2) pathway. The primary clinical trial submitted for its approval
was a Phase 3, multi-center, open-label, 84-week, pharmacokinetic and safety study of testosterone
undecanoate in hypogonadal men. Adult males with primary or secondary hypogonadism and
testosterone levels < 300 ng/dL were given 750 mg of testosterone undecanoate IM at baseline, 4
weeks, and every 10 weeks thereafter for a total of 9 injections (N = 130). At week 14 (after the third
dose), the percentage of the 117 patients still enrolled with an average serum total testosterone
concentration within the normal range (300 to 1000 ng/dL) was 94% (95% confidence interval [CI],
89.7 to 98.3%). The percentage of patients with a maximum total testosterone concentration < 1500
ng/dL was 92%. The authors concluded that testosterone undecanoate 750 mg achieved sustained,
consistent serum testosterone in the normal range during a 10-week dosing interval (Morgentaler et
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al, 2008). Additional trials of testosterone undecanoate have been completed, but published results
are limited. In 1 trial, the dose was not specified, but testosterone undecanoate was demonstrated to
be effective in a large number of patients (Zitzmann et al, 2013). One study demonstrated
improvement in scores on the Aging Male Symptoms (AMS) scale, which is 1 measurement of health-
related quality of life, when testosterone undecanoate 1000 mg was used (Ho et al, 2012).

o One study with a 6-year follow up measured mortality in patients with type 2 diabetes (N = 581) with
low vs. normal testosterone levels (some of whom were treated with testosterone gel or testosterone
undecanoate to maintain normal levels). The authors found that patients with low testosterone had
higher mortality rates than those with normal levels (17.2 vs. 9%; p = 0.003) (Muraleedharan et al,
2013).

o The Testosterone Trials were a coordinated set of clinical trials designed to determine whether
testosterone would benefit men with age-related low testosterone levels. Initial results from 3 of the 7
trials have been published (Snyder et al, 2016). Each participant was enrolled in 1 or more of the 3
trials (the Sexual Function Trial, the Physical Function Trial, and the Vitality Trial). In addition to the
results for the individual trials, the primary efficacy outcome of each trial was assessed among
participants across all 3 trials. Patients (N = 790) aged = 65 years with serum testosterone levels <
275 ng/dL were assigned to receive either testosterone gel (Androgel 1%) or placebo for 1 year.

= Sexual function: Participants taking testosterone experienced an increase in sexual activity as
assessed by question 4 on the Psychosexual Daily Questionnaire (PDQ-Q4) in both the Sexual

Function Trial (mean difference, 0.58; p < 0.001) and among all trial participants (mean difference,

0.62; p < 0.001). Testosterone treatment was also associated with increased sexual desire and

improved erectile function.

Physical function: Among patients enrolled in the Physical Function Trial, testosterone was not

associated with a significant difference vs. placebo in the percentage of patients achieving a = 50

meter increase in the 6-minute walking distance (6MWD) (odds ratio [OR], 1.42; p = 0.2); there was

also no difference in the mean change from baseline in BMWD. There was no significant difference
in the percentage of patients with an increase of = 8 points in the physical function domain (PF-10)

of the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36); however, there was a

significant difference in the mean change from baseline in PF-10 score (mean difference, 2.75

points; p = 0.03). When results from the 3 trials combined were considered, there was a significant

difference in the percentage of patients with a = 50 meter increase in 6MWD (OR, 1.76; p = 0.003)

as well as each of the secondary physical function endpoints.

Vitality: Among patients in the Vitality Trial, testosterone was not associated with a significant

difference vs. placebo in vitality as determined by an increase of = 4 points on the Functional

Assessment of Chronic lliness Therapy (FACIT)-Fatigue scale (OR, 1.23; p = 0.3). However,

improvements were observed on several secondary endpoints, including the SF-36 vitality score

(mean difference, 2.41 points; p = 0.03), the positive and negative affect schedule (PANAS)

positive affect score (mean difference, 0.47 points; p = 0.04), the PANAS negative affect score

(mean difference, -0.49 points; p < 0.001), and the patient health questionnaire (PHQ-9)

depression score (mean difference, -0.72 points; p = 0.004). There was no significant difference in

the percentage of patients with an increase of = 4 points on the FACIT-Fatigue score when results
of the 3 trials combined were considered (OR, 1.23; p = 0.22); however, the effect of testosterone
on the mean change from baseline in the FACIT-Fatigue score was significant (mean difference,

1.27; p = 0.006).

Safety: No significant differences between groups were demonstrated in cardiac adverse events.

Seven men in each group had major adverse cardiovascular events (myocardial infarction, stroke,

or death from cardiovascular causes) during the treatment period, and 2 patients in the

testosterone group and 9 in the placebo group had major adverse cardiovascular events in the

subsequent year. More patients assigned to testosterone had an increase in PSA of = 1 ng/dL (23

vs 8); 1 man (in the testosterone group) was diagnosed with prostate cancer during the treatment

period, and 2 patients in the testosterone group and 1 in the placebo group were diagnosed in the
subsequent year. A hemoglobin level = 17.5 g/dL was observed in 7 men in the testosterone group
and none in the placebo group. No difference was seen in the international prostate symptom
score (IPSS).
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= Conclusions: Testosterone supplementation had small-to-moderate effects on all measures of
sexual function and some measures of physical function, mood, and depressive symptoms.
Although cardiovascular events were not increased with testosterone supplementation, the trial
was not large enough to exclude smaller increases in risk. In addition, safety with respect to
prostate cancer and urinary symptoms cannot be generalized because men with a high risk of
prostate cancer and men with moderately severe urinary symptoms were excluded from the trial.

o Separate publications reported additional results from the Testosterone Trials. The Cognitive
Function Trial included a subgroup of men (n = 493) with age-associated memory impairment
(Resnick et al, 2017). Testosterone replacement did not improve delayed paragraph recall in these
patients at 6 and 12 months (adjusted estimated difference, -0.07; p = 0.88). In the Cardiovascular
Trial (n = 170) coronary computed tomographic angiography (CCTA) was used to determine whether
testosterone slowed the progression of noncalcified coronary artery plaque. It was found that
testosterone treatment was associated with a significantly greater increase in noncalcified plaque
volume after 12 months of treatment compared with placebo: estimated difference, 41 mm?3; p = 0.003
(Budoff et al, 2017). The Bone Trial (n = 211) found testosterone treatment to significantly improve
mean spine and hip volumetric bone mass density compared with placebo (Snyder et al, 2017).

o A randomized, double-blind, placebo-controlled trial found that once daily application of testosterone
2% solution for 12 weeks restored normal testosterone levels, and led to significant improvements in
sex drive in men with hypogonadism; improvements in energy levels were variable (Brock et al,
2016).

o Meta-analyses have evaluated the potential adverse effects associated with testosterone use. One
found that patients treated with testosterone had higher rates of cardiovascular-related events than
patients treated with placebo (Xu et al, 2013). However, another meta-analysis that included both
randomized controlled and epidemiological studies found no difference in the risk of major
cardiovascular events between testosterone and placebo (Corona et al, 2018). Calof and colleagues
found that patients treated with testosterone had a greater rate of prostate events and elevated
hematocrit compared to patients treated with placebo (Calof et al, 2005).

e Delayed puberty and delayed growth

o Testosterone products, including testosterone enanthate and methyltestosterone have been studied
in the treatment of delayed growth and puberty in adolescent males. These products have
demonstrated increased growth (weight and height) in the time periods studied, but it is difficult to
determine the long-term effects on bone health as the trials had relatively limited durations and study
populations (Kaplan et al, 1973; Rosenfeld et al, 1982; Soliman et al, 1995).

* Endometriosis

o Danazol is used for the palliative treatment of endometriosis in patients in whom alternative hormonal
therapy (eg, estrogen and progestin or testosterone) is ineffective, intolerable or contraindicated
(Micromedex, 2018). A meta-analysis of 5 placebo-controlled trials concluded that danazol was
effective in relieving pain and improving laparoscopic scores in women with endometriosis; however,
its use was limited by the occurrence of androgenic adverse effects (Selak et al, 2007).

e Hereditary angioedema

o Studies have reported that danazol was beneficial in reducing the frequency and severity of acute
attacks and increasing the serum levels of C1 esterase inhibitor and the fourth component of
complement (Bork et al, 2008; Gelfand et al, 1976).

e Treatment of metastatic mammary cancer

o Studies on the use of methyltestosterone have not been included in the detailed review. Endocrine
therapy (including androgens) may be used for metastatic breast cancer in post-menopausal women.
Androgens are rarely used (often considered last-line therapy) in the treatment of metastatic breast
cancer. While response rates may be reasonable, adverse effects, including virilization, edema, and
jaundice, limit their clinical applicability compared to other treatment options (Ma, 2018).

CLINICAL GUIDELINES

e Male hypogonadism
o The American Urological Association recommends the use of testosterone replacement therapy in
men with testosterone deficiency but provides no specific guidance other than to avoid
methyltestosterone (Mulhall et al, 2018). The European Association of Urology (EAU) recommends
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that choice of therapy should be based on risk vs benefit decisions between the provider and patient
and states that short-acting therapies may be preferred when initiating therapy (Dohle et al, 2018).
The Endocrine Society recommends all testosterone products in appropriate doses, with the
exceptions of danazol and methyltestosterone (Bhasin et al, 2018). A joint statement by the
International Society of Andrology (ISA), International Society for the Study of the Aging Male
(ISSAM), EAU, European Academy of Andrology (EAA), and American Society of Andrology (ASA)
agrees that decisions should be made based on patient and prescriber preference and tolerability, but
states that methyltestosterone should be avoided due to potential liver toxicity (Wang et al, 2008).
The American Association of Clinical Endocrinologists (AACE) also agrees with the recommendation
to avoid methyltestosterone (Petak et al, 2002).
o Endometriosis

o Both the American Society for Reproductive Medicine (ASRM) and American Congress of
Obstetricians and Gynecologists (ACOG) have guidelines for the treatment of endometriosis, but only
the ASRM specifically addresses danazol (ACOG, 2010; ASRM, 2014). This guideline states that
danazol has been used for the treatment of endometriosis, but hyperandrogenic side effects
(hirsutism, acne, weight gain, and deepening of the voice) are common (ASRM, 2014).

e Hereditary angioedema

o Guidelines for hereditary angioedema include the use of danazol for prevention of attacks, but state
that it should be used cautiously and in the lowest dose possible, and should be avoided in certain
populations (patients < 16 years of age, and pregnant or breastfeeding women) (Cicardi et al, 2012;
Cicardi et al, 2014; Craig et al, 2012; Zuraw et al, 2013).

SAFETY SUMMARY

» Boxed Warnings:

o Danazol: use in pregnancy is contraindicated; thromboembolism, thrombotic and thrombophlebitic
events, and life-threatening or fatal strokes have been reported; experience with long-term therapy is
limited; and therapy has been associated with several cases of benign intracranial hypertension.

o Testosterone, topical gel and solution: virilization has been reported in children who were secondarily
exposed to testosterone gel.

o Testosterone undecanoate has a boxed warning for post-injection pulmonary oil microembolism
(POME) and anaphylactic reactions.

* REMS programs

o Testosterone topical gel and solution have REMS programs consisting of a medication guide to
promote proper use, limit unwanted exposure, and provide safety information.

o Testosterone undecanoate products have a single shared REMS program that restricts its use to
specific healthcare facilities and providers who have been adequately trained to assess and treat
post-injection reactions, including POME and anaphylaxis.

e Major contraindications include active thrombosis or thromboembolic disease (danazol only); androgen-
dependent tumors or breast or prostate cancer; known hypersensitivity; serious cardiac, hepatic, or
renal disease; use in pregnant or breastfeeding women or women who may become pregnant;
porphyria (danazol only); and undiagnosed abnormal genital bleeding (danazol only).

» Although Depo-Testosterone, methyltestosterone, Testopel, and testosterone enanthate do not
specifically list breastfeeding as a contraindication within their prescribing information, breastfeeding
should be halted if these agents are required (Briggs et al, 2017).

« Key warnings include bone growth changes, adverse effects on spermatogenesis, cardiovascular risk
(eg, myocardial infarction, stroke, etc.), serum lipid changes, blood glucose changes, edema with or
without heart failure, gynecomastia, hepatic adverse effects, polycythemia, prostate cancer, priapism,
virilizing effects in women and/or children, worsening of benign prostatic hyperplasia (BPH), and the
potential for abuse of testosterone products. Additionally, use of testosterone has been subject to abuse
leading to serious cardiovascular and psychiatric adverse reactions. If suspected, serum testosterone
concentrations should be monitored.

e Transdermal testosterone patches contain aluminum that may burn the skin if worn during a magnetic
resonance imaging scan. Testosterone gel and topical solution formulations are flammable until dry.
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Common side effects include application-related reactions for topical and buccal products, injection site
reactions for injected products, edema, hepatic adverse effects, prostate effects, increased hematocrit,
weight gain, and virilizing effects.

In January 2014, the FDA announced that it was investigating the risk of cardiovascular events (ie,
stroke, heart attack, and death) in men taking FDA-approved testosterone products, based on the
results of 2 trials that suggested an increased cardiovascular risk. At that time, the FDA had not made
any conclusions and recommended that patients not discontinue prescribed testosterone products
without first discussing any questions or concerns with their health care provider (FDA drug safety
communication, 2014). On March 3, 2015, the FDA issued an updated safety announcement clarifying
the approved uses of prescription testosterone products for men who have low testosterone caused by
certain medical conditions and not for treating low testosterone due to aging. Additionally, the
manufacturers of all approved testosterone products were required to add information to the labeling
about a possible increased risk of heart attacks and strokes in patients taking testosterone.
Manufacturers are also required to conduct a well-designed clinical trial to more clearly address the
question of whether an increased risk of heart attack or stroke exists among users of these products. In
April 2015, the FDA approved labeling revisions to several sections of the prescribing information for all
of the testosterone products to clarify the approved uses, confirm the medical condition causing low
testosterone using lab testing, and add a new warning related to potential increased cardiovascular risk
(FDA drug safety communication, 2015). In October 2016, the FDA finalized labelling regarding abuse
and dependence of testosterone along with the adverse health outcomes associated with abuse (FDA
drug safety communication, 2016). The American Association of Clinical Endocrinologists (AACE) and
the American College of Endocrinology (ACE) issued a joint position statement in September 2015 on
the association of testosterone and cardiovascular risk. Although they agreed with the FDA that the
risk/benefit of testosterone replacement therapy is not well established in aging-associated
hypogonadism and large-scale, prospective, randomized controlled trials are needed, the joint
committee determined that the FDA directive lacked clarity. They recommended that decisions on
testosterone replacement should be guided by the signs, symptoms, and testosterone concentrations
rather than the underlying cause (Goodman et al, 2015). Newer data suggest that increases in
cardiovascular events may be due to widespread use of testosterone therapies without appropriate
monitoring, and patients with cardiovascular disease may safely receive androgen therapy for the
treatment of hypogonadism (Tanna et al, 2016).

A trial (N = 308) was designed to determine the effect of testosterone administration on subclinical
atherosclerosis progression in men = 60 years of age with low or low-normal baseline testosterone
levels. Treatment continued for a 3-year period. In this study, testosterone replacement did not result in
a significant difference in the rate of change in common carotid artery intima-media thickness or
coronary artery calcium. However, the trial was not designed to determine the effects of testosterone
replacement on cardiovascular events (Basaria et al, 2015).

A European observational study of hypogonadal, elderly men (mean age 59 years) (N = 115) evaluated
the effects of testosterone undecanoate on various parameters for up to 10 years of use. Injections of
testosterone were given every 12 weeks. Body weight and body mass index were significantly reduced
from the previous year for 8 years and waist circumference was significantly lower from the previous
year for 7 years. The hemoglobin A1C and ratio of triglycerides to high-density lipoprotein were
significantly reduced from the second year onward. Fasting blood glucose showed improvement after
the first year of testosterone replacement. No major cardiovascular events were observed (Yassin et al,
2016).

A European observational study of hypogonadal men with a history of cardiovascular disease (N = 77,
mean age 61 years) evaluated the effects of testosterone therapy for up to 8 years. A marked and
significant weight loss was observed after 8 years of continuous use. Beneficial effects were also
observed on body mass index, lipid parameters, blood pressure, and glycemic control. No patient
suffered a major adverse cardiovascular event during the full observation time (Haider et al 2016).

In a European multinational longitudinal disease registry of 99 men with hypogonadism, 750 (75%)
initiated testosterone replacement therapy. CV event rates for men receiving testosterone were not
statistically different from untreated men (p = 0.70). Regardless of treatment assignment, CV event
rates were higher in older men and in those with increased CV risk factors or a prior history of CV
events (Maggi et al, 2016).
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e In a European prospective registry of men with hypogonadism, 360 men who received testosterone
undecanoate were compared to 296 men who did not receive testosterone treatment (Traish et al,
2017). Deaths and CV parameters were tracked for 8 years. In contrast to previous studies, patients
receiving testosterone had a lower mortality rate than the control group (estimated incidence difference,
0.0804; 95% CI, 0.0189 to 0.3431). In this cohort, there were no CV-related deaths in the testosterone
group and 19 CV-related deaths in the control group.

« Although testosterone therapy was previously thought to be contraindicated in men with a history of
prostate cancer, recent data suggest that use does not increase risk of de novo prostate cancer,
progression of the disease, or biochemical recurrence in men with hypogonadism and a history of non-
high-risk prostate cancer; safety data for testosterone use in high-risk cancer patients are limited and
use in this patient population remains controversial (Davidson et al, 2016; Nguyen et al, 2016).

DOSING AND ADMINISTRATION

Table 3. Dosing and Administration

Available Route Usual
Drug Formulations Recommended Comments
Frequency
Androderm Transdermal top Hypogonadotropic Apply patches to back,
(testosterone system hypogonadism abdomen, upper arms or
transdermal system) (congenital or thighs. Rotate the site of
(C-l11) acquired in males) application with an interval
and primary of 7 days between
hypogonadism applications to the same
(congenital or site.
acquired in m_ales): Avoid swimming,
Apply once nightly showering or washing the
application site for a
minimum of 3 hours after
application.
When discarding a used
patch, it should be folded
in half so the sticky sides
stick together and thrown
away in household trash.
Androgel, Fortesta, | Topical gel top Hypogonadotropic Apply the topical gel in the
Testim, Vogelxo hypogonadism following area:

(testosterone) (congenital or o .
(C-11) acquired in males) Androgel 1%: shoulders,

and primary
hypogonadism
(congenital or

acquired in males):

Apply once daily
(preferably in the
morning)

upper arms and/or
abdomen

Androgel 1.62%: upper
arms and shoulders

Fortesta: front and inner
thighs

Testim, Vogelxo: shoulders
and/or upper arms

Allow application sites to
dry before dressing.

Cover the application sites
with clothing to prevent
transfer to another person.
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Available Route Usual
Drug F . Recommended Comments
ormulations
Frequency
Wash hands with soap and
water after application.
Avoid swimming,
showering or washing the
application site for a
minimum of:
o 2 hrs after Androgel
1.62%, Fortesta,
Vogelxo, and Testim
o 5 hrs after Androgel
1%
Methitest, Capsules oral Delayed puberty Dosage will depend on
(methyltestosterone) | Tablets (males): age, sex, diagnosis,
tablets, 10-50 mg/d for a patient’s response to
methyltestosterone limited duration (eg, | treatment, and appearance
capsules 4-6 mos) of adverse effects.
(CHI)
Hypogonadotropic
hypogonadism
(congenital or
acquired in males)
and primary
hypogonadism
(congenital or
acquired in males):
10-50 mg/d
Metastatic mammary
cancer (females):
50-200 mg/d
Aveed Injectable IM Hypogonadotropic Observe patients in the
(testosterone solution hypogonadism healthcare setting for 30
undecanoate) (congenital or minutes following injection
(C-ln) acquired in males) for symptoms of serious
and primary POME reactions or
hypogonadism anaphylaxis.
(congenital or
acquired in males): Inject deeply into the
Inject at initiation, 4 gluteal muscle at a 90°
wks, and every 10 angle over 60 to 90
wks thereafter seconds.
Between consecutive
injections, alternate the
injection site between the
left and right buttock.
Testosterone Topical top Hypogonadotropic Apply to the axilla with an
(C-1) solution hypogonadism applicator.
(congenital or
acquired in males)
and primary
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Available Route Usual
Drug F . Recommended Comments
ormulations
Frequency
hypogonadism Use at least 2 minutes
(congenital or after antiperspirant or
acquired in males): deodorant use.
Apply once daily in Allow application sites to
the morning dry before dressing.
Cover the application sites
with clothing to prevent
transfer to another person.
Rinse the metered dose
pump applicator with water
after application.
Avoid swimming,
showering or washing the
application site for a
minimum of 2 hours after
application.
Danazol Capsules oral Treatment of Treatment of
endometriosis endometriosis should
(females): begin during menstruation;
Twice daily; continue | otherwise, ensure that
uninterrupted for 3-6 | patient is not pregnant
mos (up to 9 mos) while on treatment.
Treatment of
hereditary
Twice to 3 times
daily; after a
favorable response,
decrease dose by
50% or less at
intervals of 1to 3
months or longer
depending on the
frequency of attacks;
individualize dose
based on patient
response
Depo-Testosterone | Injectable IM Hypogonadotropic Dosage will depend on
(testosterone solution hypogonadism age, sex, diagnosis,
cypionate) (congenital or patient’s response to
(C-1) acquired in males) treatment, and appearance
and primary of adverse effects.
hypogonadism
(congenital or Inject the preparation
acquired in males): slowly and deeply into the
Inject every 2-4 wks | gluteal muscle.
Natesto Nasal gel intranasal | Hypogonadotropic Administer once in the
(testosterone nasal hypogonadism morning, afternoon, and

gel)

(congenital or

evening (6 to 8 hrs apart).
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Available Route Usual
Drug F . Recommended Comments
ormulations
Frequency
(C-In) acquired in males) Clear nasal passage prior
and primary to intranasal
hypogonadism administration.
(congenital or
acquired in males): Do not blow the nose or
Apply intranasally 3 sniff for 1 hour after
times daily administration.
Striant (testosterone | Buccal system | oral Hypogonadotropic The buccal system should
buccal system) hypogonadism be placed against the gum
(C-lI) (congenital or and held firmly in place
acquired in males) with a finger over the lip
and primary and against the product for
hypogonadism 30 seconds to ensure
(congenital or adhesion. Place Striant in
acquired in males): a comfortable position just
Apply to gum region | above the incisor tooth (on
twice daily either side of the mouth).
Rotate sides of mouth with
each application.
Remove by gently sliding it
downwards from the gum.
The system should be
removed before brushing
or flossing the teeth.
Do not chew or swallow.
Testopel Pellets SC Delayed puberty In the face of
(testosterone) (males): complications, the pellets
pellets for Doses vary based on | should be removed. In
subcutaneous needs and are addition, pellets may
implantation typically less than for | slough out.
(C-1) hypogonadotropic
hypogonadism; inject | Pellet implantation is less
SC for a limited flexible for dosage
duration (eg, 4 to 6 adjustment. Great care
months of treatment) | should be used when
estimating the amount of
Hypogonadotropic testosterone needed.
hypogonadism
(congenital or Lower doses may be used
acquired in males) on initiation and then
and primary increased gradually.
hypogonadism Approximately one-third of
(congenital or the material is absorbed in
acquired in males): the first month, one-fourth
Inject SC every 3-6 in the second month, and
mos one-sixth in the third
month. Frequency may
vary based on patient
needs.
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(C-ll)

wks for a limited
duration (eg, 4-6
mos)

Hypogonadotropic
hypogonadism
(congenital or

acquired in males)

Available Route Usual
Drug . Recommended Comments
Formulations
Frequency
testosterone Injectable IM Delayed puberty: Inject the preparation
enanthate solution Inject IM every 2-4 slowly and deeply into the

gluteal muscle.

Dosage and duration of
therapy will depend on
age, sex, diagnosis,
patient’s response to

treatment and appearance

of adverse effects.

and primary
hypogonadism
(congenital or

acquired in males):
Inject IM every 2-4
wks

Metastatic mammary
cancer (females):
Inject IM every 2-4
wks

See the current prescribing information for full details

| coNcLUSION

e Androgens included in this review are Androderm (testosterone) transdermal system; Androgel,
Fortesta, Testim, and Vogelxo (testosterone) topical gels; methyltestosterone oral capsules; Aveed
(testosterone undecanoate) injection; testosterone topical solution; danazol oral capsules; Depo-
Testosterone (testosterone cypionate) injection; Methitest (methyltestosterone) oral tablets; Natesto
(testosterone) nasal gel; Striant (testosterone) buccal system; Testopel (testosterone) pellets for
subcutaneous implantation; and testosterone enanthate injection.

e With the exception of danazol, all agents in this review are FDA-approved for the management of male
hypogonadism. Danazol is FDA-approved for the treatment of endometriosis and hereditary
angioedema.

« All androgen products, with the exception of danazol, are controlled substances (C-lll). Testosterone
gels and solutions have REMS programs consisting of a medication guide with information on proper
application, potential adverse effects, and preventing inadvertent exposure to others, specifically women
and children. Aveed has a REMS program related to post-injection reactions (Drugs@FDA, 2018).

¢ In clinical studies, testosterone buccal and topical products have been shown to increase serum
testosterone levels and/or improve lean body mass, decrease body fat, and improve sexual function in
men with hypogonadism (Dobs et al, 2004; Dobs et al, 2012; Grober et al, 2008; Korbonits et al, 2004;
McNicholas et al, 2003; Steidle et al, 2003; Swerdloff et al, 2000; Wang et al, 2000; Wang et al, 2004;
Wang et al, 2011).

e Initial results from a coordinated set of clinical trials in men with age-related low testosterone levels
demonstrated small-to-moderate improvements in sexual function and some measures of physical
function, mood, and depressive symptoms (Snyder et al, 2016).

¢ Head-to-head studies comparing testosterone topical gel to testosterone transdermal system have
shown greater improvement in serum testosterone levels, lean body mass, and sexual function as well
as fewer adverse events with testosterone gel compared to testosterone patches in men with
hypogonadism (McNicholas et al, 2003; Steidle et al, 2003; Swerdloff et al, 2000; Wang et al, 2000).

Data as of August 17, 2018 HJI-U/CK-U/ Page 14 of 18

This information is considered confidential and proprietary to OptumRx.
It is intended for internal use only and should be disseminated only to authorized recipients.



-

¥ OPTUMRX

e Increases in hemoglobin, hematocrit, and PSA have been observed in clinical studies (Wang et al,
2000). Severe hepatotoxicity has been associated more commonly with oral androgen than topical
androgen therapy, and liver function tests should be monitored periodically.

» Meta-analyses have demonstrated an increased risk of cardiovascular events and prostate events,

whereas a long-term observational study found reduced mortality in patients with type 2 diabetes who

had low testosterone vs. normal testosterone levels. A European 10-year observational study of elderly
men demonstrated improvement in weight, body mass index, and glycemic parameters with no reports
of major adverse cardiovascular events. Similarly, a European 8-year observational study of
hypogonadal men with a history of cardiovascular disease demonstrated improvement in weight, body
mass index, lipid parameters, blood pressure, and glycemic control with no major adverse
cardiovascular events during the full observation time. Another European 8-year observational study
observed lower rates of mortality, including CV-related deaths, in hypogonadal men receiving

testosterone compared to those not receiving treatment (Calof et al, 2005; Muraleedharan et al, 2013;

Xu et al, 2013, Yassin et al, 2016, Haider et al, 2016; Traish et al, 2017).

Although testosterone therapy was previously thought to be contraindicated in men with a history of

prostate cancer, recent data suggest that use does not increase risk of de novo prostate cancer,

progression of the disease, or biochemical recurrence in men with hypogonadism and a history of non-
high-risk prostate cancer; safety data for testosterone use in high-risk cancer patients are limited and

use in this patient population remains controversial (Davidson et al, 2016; Nguyen et al, 2016).

In March 2015, the FDA issued a safety announcement clarifying the approved uses of prescription

testosterone products for men who have low testosterone caused by certain medical conditions,

discouraging the treatment of low testosterone due to aging, and requiring manufacturers of all
approved testosterone products to add information to the labeling regarding a possible increased risk of
heart attacks and strokes in patients taking testosterone and to conduct a well-designed clinical trial to
more clearly address the question of whether an increased risk of heart attack or stroke exists among
users of these products. In April 2015, the FDA approved labeling revisions to several sections of the
prescribing information for all of the testosterone products to clarify the approved uses, confirm the

medical condition causing low testosterone using lab testing, and add a new warning related to a

potential increased cardiovascular risk (FDA drug safety communication, 2015). The American

Association of Clinical Endocrinologists (AACE) and the American College of Endocrinology (ACE)

issued a joint position statement in September 2015 recommending testosterone replacement be

guided by the signs, symptoms, and testosterone concentrations rather than the underlying cause

(Goodman et al, 2015). Newer data suggest that increases in cardiovascular events may be due to

widespread use of testosterone therapies without appropriate monitoring, and patients with

cardiovascular disease may safely receive androgen therapy for the treatment of hypogonadism (Tanna

et al, 2016).

According to current consensus guidelines, IM and topical testosterone preparations are generally

recommended for the management of hypogonadism in adult male patients while the oral (capsule or

tablet) androgen therapies are generally not recommended for this condition due to poor androgen
effects, adverse lipid changes, and hepatic side effects. The selection of a specific testosterone
replacement therapy should be a joint decision between an informed patient and physician after
considering patient preferences, the pharmacokinetic profiles of the respective agents, treatment
burden, and cost. Furthermore, currently available guidelines do not give preference to one topical

preparation vs. another (Bhasin et al, 2018; Dohle et al, 2018; Mulhall et al, 2018; Petak et al, 2002;

Wang et al, 2008)

REFERENCES

® American Congress of Obstetricians and Gynecologists (ACOG) Committee on Practice Bulletins-Gynecology. ACOG practice
bulletin: Management of endometriosis (Number 114, July 2010). Obstet Gynecol. 2010;116(1):223-236.

® American Society for Reproductive Medicine. Treatment of pelvic pain associated with endometriosis. Practice Committee of
American Society for Reproductive Medicine. Fertil Steril. 2014;101(4):927-935.

* ANDRODERM prescribing information. Allergan, Inc. Madison, NJ. June 2018.

°* ANDROGEL 1% prescribing information. AbbVie Inc. North Chicago, IL. October 2016.

* ANDROGEL 1.62% prescribing information. AbbVie Inc. North Chicago, IL. October 2016.

® ANDROID prescribing information. Valeant Pharmaceuticals North America LLC. Bridgewater, NJ. April 2015.

Data as of August 17, 2018 HJI-U/CK-U/ Page 15 of 18

This information is considered confidential and proprietary to OptumRx.
It is intended for internal use only and should be disseminated only to authorized recipients.



-

¥ OPTUMRX

e AVEED prescribing information. Endo Pharmaceuticals Solutions Inc. Malvern, PA. January 2018.

e Basaria S, Harman SM, Travison TG, et al. Effects of testosterone administration for 3 years on subclinical atherosclerosis
progression in older men with low or low-normal testosterone levels: a randomized clinical trial. JAMA. 2015;314(6):570-581.

® Bhasin S, Brito JP, Cunningham GR, et al. Testosterone therapy in men with hypogonadism: an Endocrine Society clinical
practice guideline. J Clin Endocrinol Metab. 2018;103(5):1715-1744. doi: 10.1210/jc.2018-00229.

® Bork K, Bygum A, Hardt J. Benefits and risks of danazol in hereditary angioedema: a long-term survey of 118 patients. Ann
Allergy Asthma Immunol. 2008 Feb;100(2):153-161.

® Brock G, Heiselman D, Maggi M, et al. Effect of testosterone solution 2% on testosterone concentration, sex drive and energy in
hypogonadal men: results of a placebo controlled study. J Urol. 2016;195(3):699-705.

® Briggs GG and Freeman RK. Drugs in Pregnancy and Lactation: A Reference Guide to Fetal and Neonatal Risk. 11th ed.
Philadelphia, PA: Wolters Kluwer Health; 2017.

e Budoff MJ, Ellenberg SS, Lewis CE, et al. Testosterone treatment and coronary artery plaque volume in older men with low
testosterone. JAMA. 2017;317(7):708-716.

e Calof OM, Singh AB, Lee ML, et al. Adverse events associated with testosterone replacement in middle-aged and older men: a
meta-analysis of randomized, placebo-controlled trials. J Gerontol Series A Bio Sci Med Sci. 2005;60(11):1451-1457.

e Cicardi M, Aberer W, Beneriji A, et al. Classification, diagnosis and approach to treatment for angioedema: consensus report from
the Hereditary Angioedema International Working Group. Allergy. 2014;69(5):602-616.

e Cicardi M, Bork K, Caballero T, et al. Evidence-based recommendations for the therapeutic management of angioedema owing to
hereditary C1 inhibitor deficiency: consensus report of an International Working Group. Allergy. 2012 Feb;67(2):147-157.

e Corona G, Rastrelli G, Di Pasquale G, Sforza A, Mannucci E, Maggi M. Testosterone and cardiovascular risk: meta-analysis of
interventional studies. J Sex Med. 2018;15(6):820-838. doi: 10.1016/j.jsxm.2018.04.641.

® Craig T, Pursun EM, Bork K, et al. WAO guideline for the management of hereditary angioedema. WAO Journal. 2012:5:182-
199.

e Danazol prescribing information. Lannet Company, Inc. Philadelphia, PA. May 2018.

e Dandona P, Rosenberg MT. A practical guide to male hypogonadism in the primary care setting. Int J Clin Pract. 2010;64(6):682-
696.

e Davidson E and Morgentaler A. Testosterone therapy and prostate cancer. Urol Clin North Am. 2016;43(2):206-216.

e DEPO-TESTOSTERONE prescribing information. Pfizer, Inc. New York, NY. November 2017.

® Dobs AS, Matsumoto AM, Wang C, et al. Short-term pharmacokinetic comparison of a novel testosterone buccal system and a
testosterone gel in testosterone deficient men. Curr Med Res Opin. 2004 May;20(5):729-738.

® Dobs AS, McGettigan J, Norwood P, et al. A novel testosterone 2% gel for the treatment of hypogonadal males. J Androl. 2012
Jul-Aug;33(4):601-607.

® Dohle GR, Arver S, Bettocchi C, Jones TH, Kliesch S. European Association of Urology Guidelines on Male Hypogonadism. 2018.
Available at: http://uroweb.org/guideline/male-hypogonadism/. Accessed August 17, 2018.

® Drugs@FDA [database on the Internet]. Rockville (MD): Food and Drug Administration (US), Center for Drug Evaluation and
Research; 2018. Available from:_http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm. Accessed August 17, 2018.

e Elliott J, Kelly SE, Miller AC, et al. Testosterone therapy in hypogonadal men: a systematic review and network meta-analysis.
BMJ Open. 2017 Nov 16;7(11):e015284. doi: 10.1136/bmjopen-2016-015284.

® FDA Drug Safety Communication: FDA Drug Safety Communication: FDA evaluating risk of stroke, heart attack and death with
FDA-approved testosterone products. January 2014. Available at: https://wayback.archive-
it.org/7993/20161022203724/http://www.fda.gov/Drugs/DrugSafety/ucm383904.htm. Accessed August 17, 2018.

® FDA Drug Safety Communication: FDA cautions about using testosterone products for low testosterone due to aging; requires
labeling change to inform of possible increased risk of heart attack and stroke with use. 2015 March 3. Available at:
http://www.fda.gov/Drugs/DrugSafety/ucm436259.htm. Accessed August 17, 2018.

® FDA approves new changes to testosterone labeling regarding the risks associated with abuse and dependence of testosterone
and other anabolic androgenic steroids. 2016 October 25. Available at: https://www.fda.gov/Drugs/DrugSafety/ucm526206.htm.
Accessed August 17, 2018.

e FORTESTA prescribing information. Endo Pharmaceuticals Inc. Malvern, PA. July 2017.

e Gelfand JA, Sherins RJ, Alling DW, et al. Treatment of hereditary angioedema with danazol. Reversal of clinical and biochemical
abnormalities. N Engl J Med. 1976 Dec 23;295(26):1444-1448.

® Goodman N, Guay A, Dandona P, et al. American Association of Clinical Endocrinologists and American College of Endocrinology
position statement on the association of testosterone and cardiovascular risk. Endocr Pract. 2015 Sept;21(9):1066-1073.

® Grober ED, Khera M, Soni SD, et al. Efficacy of changing testosterone gel preparations (AndroGel or Testim) among suboptimally
responsive hypogonadal men. Int J Impot Res. 2008;20(2):213-217.

® Haider A, Yassin A, Haider KS, Doros G, Saad F, Rosano GMC. Men with testosterone deficiency and a history of cardiovascular
diseases benefit from long-term testosterone therapy: observational, real-life data from a registry study. Vasc Health Risk Manag.
2016; Jun 14;12:251-61.

® Ho CC, Tong SF, Low WY, et al. A randomized, double-blind, placebo-controlled trial on the effect of the long-acting testosterone
treatment as assessed by the Aging Male Symptoms scale. BJU Int. 2012;110:260-265.

e Kaplan JG, Moshang Jr T, Bernstein R, et al. Constitutional delay of growth and development: effects of treatment with
androgens. J Pediatrics. 1973;82(1):38-44.

Data as of August 17, 2018 HJI-U/CK-U/ Page 16 of 18

This information is considered confidential and proprietary to OptumRx.
It is intended for internal use only and should be disseminated only to authorized recipients.



-

¥ OPTUMRX

e Korbonits M, Slawik M, Cullen D, et al. A comparison of a novel testosterone bioadhesive buccal system, Striant, with a
testosterone adhesive patch in hypogonadal males. J Clin Endocrinol Metab. 2004;89(5):2039-2043.

® Ma CX. Treatment approach to metastatic hormone receptor-positive, HER2-negative breast cancer: endocrine therapy and
targeted agents. In: Hayes DF (Ed). UpToDate [database on the internet]. Waltham (MA): UpToDate; last update August 2018.
Available by subscription from: http://www.uptodate.com/contents/search. Accessed August 20, 2018.

® Maggi M, Wu FC, Jones TH, et al. Testosterone treatment is not associated with increased risk of adverse cardiovascular events:
results from the Registry of Hypogonadism in Men (RHYME). Int J Clin Pract .2016;70:843-852.

e METHITEST tablet prescribing information. Impax Laboratories, Inc. Hayward, CA. November 2016.

® McNicholas TA, Dean JD, Mulder H, et al. A novel testosterone gel formulation normalizes androgen levels in hypogonadal men,
with improvements in body composition and sexual function. BJU Int. 2003;91:69-74.

® Micromedex® [database on the Internet]. Truven Health Analytics; 2018. Available from:
http://www.micromedexsolutions.com/home/dispatch. Accessed August 17, 2018.

® Morales A, Johnston B, Heaton JW, et al. Oral androgens in the treatment of hypogonadal impotent men. J Urol. 1994
Oct;152(4):1115-1118.

® Morgentaler A, Dobs AS, Kaufman JM, et al. Long acting testosterone undecanoate therapy in men with hypogonadism: results of
a pharmacokinetic clinical study. J Urol. 2008;180(6):2307-2313.

® Mulhall JP, Trost LW, Brannigan RE, et al. Evaluation and management of testosterone deficiency: AUA guideline. J Urol.
2018;200(2):423-432. doi: 10.1016/j.juro.2018.03.115.

® Muraleedharan V, March H, Kapoor D, et al. Testosterone deficiency is associated with increased risk mortality and testosterone
replacement improves survival in men with type 2 diabetes. European J Endocrinol. 2013;169:725-733.

® NATESTO prescribing information. Aytu BioScience, Inc. Englewood, CO. October 2016.
® Nguyen TM and Pastuszak AW. Testosterone therapy among prostate cancer survivors. Sex Med Rev. 2016;4(4):376-388.

® Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations [database on the internet]. Silver Spring (MD):
Food and Drug Administration (US), Center for Drug Evaluation and Research; 2018. Available at:
http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm. Accessed August 17, 2018.

e Petak SM, Nankin HR, Spark RF, et al; American Association of Clinical Endocrinologists. Medical Guidelines for Clinical Practice
for the Evaluation and Treatment of Hypogonadism in Adult Male Patients. Endocr Pract. 2002 Dec;8(6):439-456.

® Resnick SM, Matsumoto AM, Stephens-Shields AJ, et al. Testosterone treatment and cognitive function in older men with low
testosterone and age-associated memory impairment. JAMA. 2017;317(7):717-727.

® Rosenfeld RG, Northcraft GB, Hintz RL. A prospective, randomized study of testosterone treatment of constitutional delay of
growth and development in male adolescents. Pediatrics. 1982;69(6):681-7.

® Roy CN, Snyder PJ, Stephens-Shields AJ, et al. Association of testosterone levels with anemia in older men: a controlled clinical
trial. JAMA Intern Med. 2017;177(4):480-490.

e Selak V, Farquhar C, Prentice A, et al. Danazol for pelvic pain associated with endometriosis. Cochrane Database Syst Rev. 2007
Oct 17;(4):CD000068.

® Sih R, Morley JE, Kaiser FE, et al. Testosterone replacement in older hypogonadal men: a 12-month randomized controlled trial. J
Clin Endocrinol Metab. 1997;82(6):1661-7.

e Snyder PJ, Kopperdahl DL, Stephens-Shields AJ, et al. Effect of testosterone treatment on volumetric bone density and strength
in older men with low testosterone: a controlled clinical trial. JAMA. 2017;177(4):471-479.

e Snyder PJ, Bhasin S, Cunningham GR, et al. Effects of testosterone treatment in older men. N Engl J Med. 2016;374(7):611-624.

e Snyder PJ, Lawrence DA. Treatment of male hypogonadism with testosterone enanthate. J Clin Endocrinol Metab.
1980;51(6):1335-1339.

e Soliman AT, Khadir MMA, Asfour M. Testosterone treatment in adolescent boys with constitutional delay of growth and
development. Metabolism. 1995;44(8):1013-1015.

¢ Steidle C, Schwartz S, Jacoby K, et al. AA2500 Testosterone Gel Normalizes Androgen Levels in Aging Males with Improvements
in Body Composition and Sexual Function. J Clin Endocrinol Metab. 2003;88:2673-2681.

® STRIANT prescribing information. Endo Pharmaceuticals, Inc. Malvern, PA. October 2016.

e Swerdloff RS, Wang C, Cunningham G, et al. Long-term pharmacokinetics of transdermal testosterone gel in hypogonadal men. J
Clin Endocrinol Metab. 2000;85:4500-10.

e Tanna MS, Schwartzbard A, Berger J, et al. Management of hypogonadism in cardiovascular patients: what are the implications of
testosterone therapy on cardiovascular morbidity? Urol Clin North Am. 2016;42(2):247-260.

e TESTIM prescribing information. Endo Pharmaceuticals, Inc. Malvern, PA. April 2018.

e TESTOPEL prescribing information. Endo Pharmaceuticals, Inc. Malvern, PA. October 2016.

® Testosterone topical solution prescribing information. Lupin Pharmaceuticals. Baltimore, MD. April 2018.

® Testosterone enanthate prescribing information. Actavis Pharma, Inc. Parsipanny, NJ. December 2017.

e TESTRED prescribing information. Valeant Pharmaceuticals North America LLC. Bridgewater, NJ. April 2015.

® Traish AM, Haider A, Haider KS, et al. Long-Term Testosterone Therapy Improves Cardiometabolic Function and Reduces Risk
of Cardiovascular Disease in Men with Hypogonadism: A Real-Life Observational Registry Study Setting Comparing Treated and
Untreated (Control) Groups. J Cardiovasc Pharmacol Ther. 2017;22(5):414-433. doi: 10.1177/1074248417691136.

® VOGELXO prescribing information. Upsher-Smith Laboratories, Inc. Maple Grove, MN. August 2017.

Data as of August 17, 2018 HJI-U/CK-U/ Page 17 of 18

This information is considered confidential and proprietary to OptumRx.
It is intended for internal use only and should be disseminated only to authorized recipients.



-

¥ OPTUMRX

® Wang C, Cunningham G, Dobs A, et al. Long-term Testosterone Gel (AndroGel) Treatment Maintains Beneficial Effects on Sexual
Function and Mood, Lean and Fat Mass, and Bone Mineral Density in Hypogonadal Men. J Clin Endocrinol Metab. 2004;89:2085-
2098.

e Wang C, llani N, Arvert S, et al. Efficacy and safety of the 2% formulation of testosterone topical solution applied to the axillae in
androgen-deficient men. Clin Endocrinol (Oxf). 2011 Dec;75(6):836-843.

® Wang C, Nieschlag E, Swerdloff RS, et al. Consensus Statement: Investigation, treatment, and monitoring of late-onset
hypogonadism in males: ISA, ISSAM, EAU, EAA and ASA recommendations. Eur J Endocrinol. 2008;159:507-514.

® Wang C, Swerdloff RS, Iranmanesh A, et al. Transdermal testosterone gel improves sexual function, mood, muscle strength, and
body composition parameters in hypogonadal men. J Clin Endocrinol Metab. 2000;85:2839-53.

e Xu L, Freeman G, Cowling BJ, et al. Testosterone therapy and cardiovascular events among men: a systematic review and meta-
analysis of placebo-controlled randomized trials. BMC Med. 2013;11:108.

® Yassin AA, Nettelship J, Alimehmadi Y, Salman M, Saad F. Effects of continuous long-term testosterone therapy (TTh) on
anthropometric, endocrine, and metabolic parameters for up to 10 years in 115 hypogonadal elderly men: real-life experience from
an observational registry study. Andrologia. 2016;48(7):793-799.

e Zitzmann M, Mattern A, Hanisch J, et al. IPASS: a study on the tolerability and effectiveness of injection testosterone
undecanoate for the treatment of male hypogonadism in a worldwide sample of 1,438 men. J Sex Med. 2013;10:579-588.

e Zuraw BL, Banerji A, Mernstein JA, et al. US Hereditary Angioedema Association Medical Advisory Board 2013 recommendations
for the management of hereditary angioedemafur due to C1 inhibitor deficiency. J Allergy Clin Immunol: In Practice.
2013;1(5):458-467.

Publication Date:

Data as of August 17, 2018 HJI-U/CK-U/ Page 18 of 18

This information is considered confidential and proprietary to OptumRx.
It is intended for internal use only and should be disseminated only to authorized recipients.



